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Treatment of Wood

Field of invention

The present invention relates a method for heat treatment of wood. The
invention further relates to wood obtainable by the method of the
invention as well as the use of the method for preparing treated wood.
The present invention more particularly relates to methods providing
improved properties of the wood. Still more particularly, the invention

relates to uses of wood prepared according to the invention.

Prior art
Various wood treatment techniques have been developed in order to
enhance the properties of wood.

A commonly used wood treatment technigue is described in the
following. In order to expose the wood to adeguate impregnation
agents, the wood must be sufficiently dry. Usually, the fiber saturation
point is about 26%, after which there is free water remaining in the
cells. The pre-dried wood is placed in a treatment chamber and
fastened to hold it in place and to hinder floating to the surface. The
chamber then is closed. Usually, pre-vacuum is established in order to
empty the chamber and to obtain a better penetration or through
impregnation of the wood. Thus, an under-pressure is established in the
chamber and in the wood. The impregnating liguid is then sucked into
the wood by under-pressure in the chamber. During the filling, the
pressure is usually increased either because filling happens too fast, or,
the liquid evaporator/boiler and the steam pressure rise. After
completion of the filling, the wood is scaked in the liquid. When the
under-pressure is discontinued or equalised, the wood has absorbed a
part of the fluid, thus, “vacuum Iimpregnation” has taken place.
Pressure is applied either by hydraulic pressure generated by a pressure

pump pumping additional fluid into the chamber, or by establishing an
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air pressure above the liquid level. This forces additional liquid into the
wood. The pressure is applied until either the desired amount of fluid is
absorbed, or, until a proper saturation is reached. After completion of
the pressure phase, the system is depressurised and emptied. However,
an over-pressure may still be present in the wood, depending on the
structure and density of the wood. In order to obtain a dry final
product, an additional vacuum step may be run, whereby water prasent
in the wood will be drawn due to the vacuum. A small volume of excess
liquid is sucked out. More fluid is drawn, if a deeper ultimate vacuum is
applied as compared to the pre-vacuum. Again, a negative pressure is
established in the wood, as air equalization will force excess liquid from

the surface of the wood. Thus, wood having a dried surface is obtained.

Other prior art techniques include heat-treatment of wood in order to

dry the wood or to make the wood more resistant to microorganisms.

Heat treatment may be used to change the structural properties of
wood and therefore several attempts have been made o provide
applicable heat treatment methods. It has been found that heat treated
wood has a decreased capability to absorb liquid {(and thus water).
Thermal modification of wood is typically carried out in order to produce
chemical reactions in carbohydrates and lignin of the wood.

Cne common way of heating wood is to submerge the wood into hot oil.
This method is associated with several drawbacks. First of all the
treated wood contains oil. Secondly, the heating process must be
carried out very slowly in order to avoid temperature gradients causing
crack formation. Moreover, the process is expensive because both the
wood, the tank and the oil must be heated.

Another way of conducting thermal modification of wood is to place the

wood in a pressurised steam environment at temperatures in the range
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160-190 °C. This heating process, however, needs o be carried out
very slowly in order to avoid temperature gradients causing crack

formation.

EP 0 612 595 A1 relates to a method for upgrading low-guality wood to
high-guality wood comprising the steps of (a) softening the wood by
electrical heating in the presence of an aqueous medium, (b) drying the
softened wood e.g. by dielectrically heating, (¢) curing the dried wood,
and (d) cooling the wood. By this method, the ohmic or dielectrically

heating is applied both during the softening step and the drying step.

GB 22 715 79 A discloses a composition for the treatment of wood and
a method of treating wood to retard the leaching of water-leachable
wood treatment substances from treated wood. The method includes
the step of applying a water/wax emulsion to the wood in a separate
treatment step, after treating the wood with a water-leachable wood
treatment substance, selected from the group consisting of water-leach-
able flame retardant substances and water-leachable biocidal wood pre-

servative substances.

GB 14 67 420 A discloses a process for the preservation of a cellulosic
material susceptible to degradation by wood destroyving fungi. Wood is
preserved by treatment with aqueous liguor containing 0.01-0.4 percent
by wt. of an organotin compound having three organic groups bound to
a tin atom through Sn-C lends and @ mono-quaternary ammaonium com-
pound. The amount used must be sufficient to disperse the organgctin
compound (e.g. 0.02-5 percent by wt.) under conditions providing a
leading of 0.15- 1.5 kg of organotin compound per cubic meter of wood.
Compositions for use in the disclosed process are in the form of a
concentrate containing 1-20 percent by wt. of organotin compound and
20-90 percent by wt. of quaternary compound in water.
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US 6,124,584 A discloses a method of determining the moisture content
of a charge of wood having a moisture content below fibre saturation
and being subjected to a Radio Frequency (RF) dielectric heating pro-
cess to the degree required to control the process (e.g. by terminating
drying). When the predetermined moisture content is reached, the
process is terminated. This is evaluated by measuring the wood product
package dimensions and monitoring the RF power (kW) and RF voltage

(kV) being applied to the charge of wood.

US 3,986,268 A discloses a process and apparatus for accelerated dry-
ing of green lumber which employ high voltage dielectric heating at
sub-atmospheric pressure to effect a rapid removal of moisture from
the wood without splitting, checking, case hardening, honeycombing or
similar damage to the wood structure. The process combines the dielec-
tric and vacuum drying. The use of sub-atmospheric pressures in the
drying process also permits injection of suitable chemicals for fire-
proofing or other specialized treatments of the wood allowing the
combination of such treatments with the drying of the wood in a single

pProcess.

US 6,083,437 A discloses a method for dimensional stabilization treat-
ment, which enables externally supplied high pressure steam to
permeate into the interior of wood or wood composite, thereby impart-
ing high dimensional stability to the wood or wood composite. In the
method, wood or wood composite to be treated is held in a sealed space
between two press platens, the sealed space is evacuated to establish
reduced pressure therein, and thereupon, high-pressure steam is
supplied to the sealed space. The evacuation may be continuad in

parailel with the high-pressure steam supply.

WO 03/037107 A discloses a method and apparatus for treating wood,

which includes arranging at least first and second electrodes in electrical
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contact with wood to be treated via an electrically conductive material
and applving a voltage across the at least first and second electrodes.
The wood is heated, under pressure, up to temperatures as high as 200
°C. Typical applications of the wood treatment include wood sterili-

zation, coloration and debarking.

Thus, there is a need for a method which enables an effective treatment
of wood and reduces or even eliminates the above-mentioned disad-
vantages of the prior art.

Summary of the invention

In one aspect, the present invention relates to a method for heat
treatment of wood. In another aspect, the present invention relates to
uses of the method for the heat treatment of wood. In yet ancther
aspect, the present invention relates to wood obtainable by the method
as disclosed herein. Preferred embodiments are explained in the
foliowing description, illustrated in the accompanying drawings, and
iHustrated by the Examples.

In the broadest aspect, the method for heat treatment of wood
according to the principles of the present invention comprises the steps
of placing the wood to be treated in an airtight tank, and pressurising
the airtight tank to a certain pressure in order to establish a pressurised
environment for the wood. The wood is further heated to a predefined
temperature. The pressure during heating is such preventing the water
present in the wood from evaporating at the predefined temperature.
The tank may have any form and size suitable for performing the

method.

In another aspect of the present invention, the method further
comprises a cooling step and a drying step. It is to be understood that

the method may comprise both a cooling step and a drying step, or only
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a cooling step or a drying step. For certain applications of the method of
the invention, the drying process may be performed by reducing the

pressure in the tank as the temperature in the tank is reduced.

In a certain embodiment of the present invention, the pressurising step
and the step of heating takes place simultaneously. In another
ambodiment of the invention, the pressurising step is prior to the step
of heating, i.e. firstly the airtight tank is pressurised for a certain time
followed by heating for a certain time. It is to be understood, that the
heating may be continued while the pressure being maintained in the
airtight tank.

In another embodiment of the method, a water-containing liquid is
present during the heating step and the pressurising step. The water-
containing liqguid may suitably be supplied to the airtight tank/wood
prior to the pressurising step. When the heating step and the
pressurising step takes place simultansously, the water-containing
iquid may be supplied immediately before the heating step and the

pressurising step are initiated.

The water-containing liguid may in some applications suitably contain
wood treatment compounds like impregnating agents such as alum,
boric acid solution, copper, linsead oil, wood tar and the like, fire
retardants, biocides, fungicides, and/or colorants as well as combina-
tions thereof. It is to be understood that one or more of the wood
treatment compounds may be present in the water-containing liquid in
an amount suitable for the intended effect and application, but may
depend on the type of wood and its moisture content. Wood treatment
compounds as well as amount to be used are generally well-known in
the art. In particular, the flame retardant may be a gaseous fire
suppression substance suitable for extinguishing fire such as argon or

halon.
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In certain applications, the water-containing liquid comprises water

only.

The water-containing liguid may suitably be present in an amount
sufficiently to hinder the water present in the wood from evaporating
during the heating step. The amount of water-containing ligquid is
generally dependent on the amount of wood, the moisture content of
the wood as well as the pressure and the temperature applied.

The heat treatment may be carried out by using any suitable heating
means. The heating is typically carried out either by ohmic heating or
by dielectric heating.

Dielectric heating may be performed by applying electromagnetic
radiation by means of one or more electrodes. It is possible to apply a
first group of electrodes and a second group of electrodes configured to
be inserted into a batch of stacked wood in the tank. The groups of
glectrodes may preferably be electrically connected to a high frequency
generator by means of corresponding cables.

In one embodiment of the invention, the heating is performed for a
period of time in the range of from minutes to hours, such as from 15
minutes to 10 hours, such as from 1-5 hours. The heating is preferably
such, where the predefined temperature to which the wood is heated
above the boilling point of water at atmospheric pressure, preferably
above 140°C, preferably above 150°C, such as 170-215°C. Tempera-
tures in this range are considered to be very efficient in order to
conduct the required structural change of the wood.

In one embodiment of the invention, the predefined pressure is above 5

bar, such as 5-27 bar or even 5-20 bar. It is to be understood that the
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pressure may be 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, or 27 bar as well as any non-integer therein
between. The predefined pressure should be selected having regard to
the predefined temperature and further in view of the vapor pressure in

respect of the wood/liguid.

By the method of the present invention, it is possible to maintain the
water content of the wood during the heating process. Accordingly, the
wood will experience a structural change making the wood resistant to
microorganisms. By such structural change, the sugary substances of
the wood are decomposed. Decomposition takes place more rapidly at
elevated temperatures for a prolonged period of time. E.g. at tempe-
ratures of 180°C and above, the sugary substances will be degraded
within a few hours. A structural change further provides for a prolonged
soaking time of the wood, thus, the durability of the wood is markedly

increased.

The wood is heated to a predefined temperature high encugh to initiate
the structural change making the wood resistant to microorganisms.
Since the structural change implies degradation/decomposition of the
sugary substances of the wood, thus, the growth of microorganisms is
hindered.

Heat treatment causes decomposition of the content of the wood,
aspecially the sugary substance hemiceliulose. Accordingly, the wood
will be less moisture adsorbent. The wood will be more stable and more
resistant to fungal attack and to microorganisms.

As described above, the method comprises the step of pressurising the
airtight tank to a predefined pressure in order to establish a pressurised
environment for the wood to prevent the water in the wood from

evaporating. In general, the predefined pressure should be determined
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50 as to maintain and not exceed the pressure of saturated vapour
pressure of the water present in the wood at the predefined tempera-
ture. As described above, a water-containing liquid may suitably be
supplied to facilitate the maintenance of saturated vapour pressure of
water present in the wood. However, the amount of water-containing
liquid applied may exceed the minimum content necessary to maintain

aquilibrium.

The applied pressure prevents that the mechanical properties of the
wood are influenced in a negative direction during the heat treatment
(e.g. distortion of the wood). The use of a pressurised environment

increases the boiling point of water.

By providing a pressurised environment, damaging effects caused by
heat-introduced steam pressure may be reduced or may even be

eliminated.

Conventional thermal modification of wood suffers from the drawback
that the heat introduced steam pressure reduces the mechanical
properties of the wood.

Thus, in one embodiment, the predefined pressure is kept high as long

as the temperature is increased.

By the method described herein, it is possible to provide wood having a
spacific (predefined) wood maoisture content. This may be accomplished
by controlling the applied pressure and temperature.

The actual pressure level is determined when the heating temperature
has been chosen. The heating temperature may depend on the type of

wood.
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The predefined pressure level is determined on the basis of the required
heating temperature in such a way that the water in the wood will not
evaporate. This requires that the pressure is kept above a pressure
level that depends on the heating temperature.

Due to the fact that the wood is kept in a pressurised tank during the
heating process, the water (in the wood) can be heated far beyond the
standard 100 °C without boiling. In other words, the pressured tank is

capable of keeping the water in liquid phase at high temperatures.

It may be advantageous that the method comprises a step of cooling.

The cooling step may suitably be performed in various ways. Such
include:

- discontinuing the heating step and allowing the wood and the
other substances prasent in the airtight tank to cool,

- discontinuing the heating step and circulate air or a vapour in the
airtight tank,

- discontinuing the heating step and cooling the wood and the
other substances present in the airtight tank by use of cooling
means present in the interior or on the exterior of the airtight
tank,

- discontinuing the heating step and supplying a cooling medium or
additional water-containing liquid or both supplying a coocling
medium and additional water-containing liquid,

- discontinuing the heating step and withdrawing some or all of the
water-containing liguid to e.g. an external tank or reservoir
having cooling means, followed by recirculating of the cooled
water-containing liquid to the airtight tank, optionally repeating

the withdrawal/recirculation.

It is to be understood that combinations of one or more of the above-
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mentioned cooling options may be chosen, if suitable.

The cooling medium may also in certain embodiments be selected
among water-containing vapour and water-containing liquids. Thus, the
cooling medium may in some applications suitably be the same as the
water-containing liquid, or the cooling medium may be the water-
containing liguid, however, containing wood treatment compounds
different from the wood treatment compounds of water-containing
liquids already present in the airtight tank. Thus, the cooling medium
may comprise wood treatment compounds in addition to the wood
treatment compounds of the water-containing liquid present in the
airtight tank. In accordance herewith, the cooling medium may
comprise wood treatment compounds such as impregnating agents such
as alum, boric acid solution, copper, linseed oil, wood tar and the like,
fire retardants, biocides, fungicides, and/or colorants as well as
combinations thereof. Such wood treatment compounds are generally

well-known in the art.

The cooling medium may have a temperature lower than the wood in
order to provide efficient cooling. Suitably, the temperature of the
cooling medium is approximately or below 20-25°C. In some
applications, the cooling medium may have a higher temperature,
wheraby the rate of cooling can be controlled. Such controlled cooling
may suitably be accomplished using external or internal cooling means

as described above.

The cooling step may suitably be continued for 1-5 hours, such as for 2
hours. The pressure during the cooling step is suitably controlied and
adapted having regard to the temperature.

In one embodiment of the method according to the invention, the step

of cooling the wood by means of a cooling medium that is stored in a
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reservoir connectad to the tank and filling the coocling medium into the

tank by means of a pump.

As mentioned above, the method may suitably comprise the step of
subjecting the wood to a subseqguent drying process after the heating
process. Hereby, it is possible to both making the wood resistant to

microorganisms and provide dry wood.

During the drying process, it is possible to provide a predefined
(desired) wood moisture content. This can be done by reducing the
pressure according to temperature. By reducing the pressure as the
temperature is reduced, it is possible to prevent deformations, such as
twisting and bending, of the wood. Deformations could potentially

impair the mechanical properties of the wood.

In some embodiments, the drying process is carried cut by heating the
wood in a tank pressurised to a pressure that aliows for evaporation of

the water in the wood.

In another aspect, the present invention relates to wood obtained by

the applying the method described herein.

The yet another aspect, the present invention relates to the use of the

method described herein for treating wood.

The invention has several further aspects, which includes uses of the
wood obtained by the method of the invention. Such uses are e.g.
construction, engineered wood, floorings, and marine applications.
Particular uses include furniture, interior cladding, roof trusses, exterior
timbers under cover, external joinery, such as windows and doors,
external cladding, garden timbers, transmission poles, railway sleepers,

fence posts, bridges, wharf timbers, jetties, and piles.
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Description of the Drawings

The invention will become more fully understood from the detailed

description given hereof below. The accompanying drawings are

provided by way of illustration only, and thus, they are not limitative of

the present invention. In the accompanying drawings:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1A

iB

2A

2B

2C

2D

2E

2F

2G

2H

3

4

shows a first schematic cross-sectional view of an
apparatus for heat treatment of wood according to the
invention;

shows a second schematic cross-sectional view of the
apparatus shown in Fig. 1 A;

shows a pressure versus time curve of a first method
according to the invention;

shows a temperature versus time curve of the first method
according to the invention;

shows a pressure versus time curve of a second method
according to the invention;

shows a temperature versus time curve of the second
method according to the invention;

shows a pressure versus time curve of a third method
according to the invention;

shows a temperature versus time curve of the third
method according to the invention;

shows a pressure versus time curve of a fourth method
according to the invention;

shows a temperature versus time curve of the fourth
method according to the invention;

shows a schematic cross-sectional view of an apparatus for
heat treatment of wood according to the invention;

shows a schematic cross-sectional view of another

apparatus for heat treatment of wood according to the
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invention;

Fig. 5A iHustrates traditional impregnation wood for comparison.
The traditional impregnation was accomplished using
vacuum (40 minutes) followed by pressurisation (3 hours);

Fig. 5B iHustrates wood impregnated according to the invention
(combination of pressurisation and heating); and

Fig. 5C iHustrates wood fully impregnated according to the

invention.

Detailed description of the invention

Referring now in detail to the drawings for the purpose of illustrating
preferred embodiments of the present invention, a schematic cross-
sectional view of an apparatus 2 of the present invention is illustrated in
Fig. 1A,

Fig. 1A illustrates a schematic cross-sectional view of an apparatus 2 for
heat treatment of wood 6 according to the invention. Fig. 1B illustrates
another schematic cross-sectional view of the apparatus 2 shown in Fig.
1A,

The heat treatment apparatus 2 comprises a tank 4 having a
cvlindrically shaped portion 66 extending along the longitudinal axis X
of the tank 4. Fig. 1A illustrates that the cross section of the
cvlindrically shaped portion 66 is circular. A tube 22 is provided in the
top portion of the tank 4. This tube 22 connects the tank 4 with

compressor 20 configured to pressurise the tank 4.

A shaft 28 is rotably mounted to the lower portion of the tank 4. Two
roller members 12 are rotably mounted to the shaft 28. Fig. 1B
iHustrates that four parallel shafts 28 are provided at the lower portion
of the tank 4. These shafts 28 and the roller members 12 attached to

them constitute a roller conveyer.
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A plurality of wood boards 6 is stacked in the tank 4. The wood boards
& rest on a lower plate-shaped support member 26 and are sandwiched
between the lower support member 26 and an upper plate-shaped
support member 24.

A first electrode 8 is provided at the upper support member 24, while a

second electrode 10 is provided at the lower support member 26.

The tank 4 comprises a first closed end portion 68 and another end
portion 70. An opening is provided at the end portion 70. The end
portion 70 comprises a tank door 30 rotably attached to the remaining
portion of the tank 4 by means of a joint 32. Accordingly, the tank door
30 can be opened in order to fill wood 6 into the tank 4 or to remove
heat-treated wood 6 from the tank 4. The use of the roller conveyer 12,
28 eases these processes.

When wood boards 6 have been arranged in the tank 4, and the tank
has been closed, the heat treatment may be initiated. The heat
treatment is carried out by means of heating by electromagnetic
radiation through one or more electrodes.

Although not shown, the electrodes 8, 10 may be electrically connected
to a (high frequency) generator configured to generate the required
electromagnetic radiation, e.g. within the range 1-40 MHz, such as 10-
30 MHz, e.g. about 13.56 MHz. It may be preferred that the frequency
of the electromagnetic radiation is approximately 13.56 MHz or
approximately 27.12 MHz, since it has been shown that the heating of

wood is very efficient at these frequencies.

Generation of heat will, however, not be initiated before the pressure in

the tank 4 exceeds a predefined pressure level e.g. between 5-27 bar,
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such as 20 bar. The predefined pressure level is determined on the
basis of the required heating temperature in such a manner that the
water in the wood will not boil (change into a gas). This requires that
the pressure is kept above a pressure level depending on the heating

temperature.

Since the tank 4 is a pressurised chamber, the water (in the wood) can
be heated far beyond the standard 100 °C without boiling. In other
words, the pressured tank 4 is capable of keeping the water in liquid
phase at high temperatures.

The compressor 20 may be controlled by a control member (not shown)
e.g. shaped as a control box electrically connected to the compressor

20 and to one or more pressure sensors {not shown).

The heating may be initiated when the desired pressure is astablished in
the tank 4. Once the desired temperature is reached, this temperature
may be maintained for a predefined period. It is possible to change the
temperature and/or pressure in the tank once or several times and

maintain a fixed temperature and/or pressure for a predefined period.

It may be an advantage to arrange a pressure sensor {(not shown) in
the tank 4 or in the tube 22. A pressure senscr may be applied to

detect the pressure and thus to control the wood treatment process.

By using high frequency electromagnetic radiation, it is possible to
conduct a homogeneous heating of the wood. Hereby, it is possible to

provide a homogeneous wood quality.

Fig. 2A illustrates a pressure 62 versus time 60 curve 72 of a first
method according to the invention. Pressure 62 is plotted against time
60.
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The curve 72 has a first section I, in which section I the pressure 62 is
kept at a constant level P;. The curve 72 has a second section II, in
which section II the pressure is reduced (linearly) with a constant rate.
The duration of the first section I is t3, while the duration of the second

section I is ta-s.

Fig. 2B illustrates a temperature versus time curve 74 corresponding to
the method referred to with reference to Fig. 2A. The curve 74
comprises a first section I in which the temperature 64 is linearly
increased from a first temperature Ty o a second temperature T.. When
the temperature Tz has been reached at the time &, the temperature T;
is maintained to time t2. The constant temperature period is the second

section II of the curve 74.

At time t; the temperature 64 is linearly decreased until a temperature
T, is reached at the time t3. This time period corresponds to the third
section III of the curve 74. The temperature T is kept constant in the

fourth section IV of the curve 74 extending between time &z and time ta.

When comparing Fig. 2A and Fig. 2B one can see that a high pressure
Py is maintained during the complete high temperature phase (section
II}). This means that the water in the wood will not evaporate.

Accordingly, the desired structural changes of the wood will occur.

Fig. 2C illustrates a pressure versus time curve 72 of a second method
according to the invention.

The curve 72 has a first section I, in which the pressure 62 is kept at a
constant level P;. The curve 72 has a second section II, in which the
pressure is reduced with a decreasing rate. The duration of the first

section I is t5, whereas the duration of the second section II is ts-ts.



WO 2016/138910 PCT/DK2016/050061

10

15

20

25

30

18

Fig. 2D illustrates a temperature versus time curve 74 corresponding to
the method referred to with reference to Fig. 2C. The curve 74
comprises a first section I in which the temperature 64 is linearly
increased from a first temperature T; to a second temperature T,. When
the temperature Tz has been reached at the time ti, the temperature T,
is maintained to time t;. The constant temperature period is the second

section II of the curve 74,

At time t; the temperature 64 is linearly increased until a temperature
Tz has been reached at the time tz3. This time period corresponds to the
third section III of the curve 74. The temperature Tz is kept constant in
the fourth section IV of the curve 74 extending between time {3 and
time t4. The temperature 64 is linearly decreased during the fifth section
vV of the curve 74 extending between time 4 and time ts. Hereafter a
sixth section VI (between time ts and ts) with a constant temperature Ty

follows.

Fig. 2E iHustrates a pressure 62 versus time 60 curve 72 of a third
method according to the invention. Pressure 62 is plotted against time
60.

The curve 72 has a first section I, in which section I the pressure 62 is
kept at a constant level Py. The curve 72 has a second section II, in
which section II the pressure is reduced with an increasing rate. The
duration of the first section I is t;, while the duration of the second

section I is t4-s.

Fig. 2F illustrates a temperature versus time curve 74 corresponding to
the method referred to with reference to Fig. 2E. The curve 74
comprises a first section I in which the temperature 64 is increased

from a first temperature T: to a second temperature T2, When the
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temperature T2 has been reached at the time ty, the temperature Tz is
maintained to time tz. The constant temperature period is the second

section Il of the curve 74.

At time t2 the temperature 64 is decreased until a temperature Ty is
reached at the time tz. This time period corresponds to the third section
III of the curve 74. The temperature Ty is kept constant in the fourth

section IV of the curve 74 extending betweean time {; and time L.

Fig. 2G illustrates a pressure versus time curve 72 of a fourth method
according to the invention.

The curve 72 has a first section I, in which the pressure 62 is kept at a
constant level Piy. The curve 72 has a second section II, in which the
pressure is reduced with a decreasing rate. The duration of the first
section [ is {3, whereas the duration of the second section II is ts-ta.

Fig. 2H illustrates a temperature versus time curve 74 corresponding to
the method referred to with reference to Fig. 2G. The curve 74
comprises a first section I in which the temperature 64 is increased
from a first temperature T: to a second temperature Tz. When the
temperature T2 has been reached at the time ty, the temperature 64 is
further raised until time tz. The period is the second section II of the

curve 74,

At time t; a slight temperature increase is followead by a temperature
decrease until a temperature T: has been reached at the time t3. This
time period corresponds to the third section III of the curve 74. The
temperature Tz is kept constant in the fourth section IV of the curve 74

extending between time t3 and time t4.

The methods explained with reference to Fig. 2 applies a pressure Pl
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that ensures that the water in the wood does not evaporate all though a
high temperature is maintained in the tank. Accordingly, it is possible to

provide the desired heat-induced structural changes in the wood.

Fig. 3 illustrates a schematic cross-sectional view of an apparatus 2 for

heat treatment of wood 6 according to the invention.

The heat treatment apparatus 2 comprises a tank 4 having a
cylindrically shaped portion extending along the longitudinal axis X of
the tank 4. A first tube 56 and a second tube 56’ are provided in the top
portion of the tank 4. The first tube 56 connects the tank 4 with a
reservoir 42 and a compressor 52 via a tube 54. The compressor 52 is
configured to pressurise the tank 4.

A valve 48 is provided in the tube 54 between the compressor 52 and
the tank 4. The valve is configured to establish and disconnect fluid
communication between the compressor 52 and the tank 4. The
compressor 52 may be controlled by a control member (not shown) e.g.
shaped as a control box electrically connected to the compressor 52 and

to one or more pressure sensors (not shown).

Another valve 46 is provided between the reservoir 42 and the tank.
The valve 46 is adapted to establish and disconnect fluid communication
between the reservoir 42 and the tank 4. The reservoir may contain any
fluid of interest e.¢g. a wood preservation liguid.

A pump 58 is connected to the tube 56°. A valve 50 is provided between
the pump 50 and the tank 4. By means of the valve 50 it is possibie to
establish fluid communication between the tank 4 and the pump 58. On
the other hand, by closing the valve 50, it is possible to shut off the
connection between the tank 4 and the pump 58. A reservoir 44 is

provided above the pump 58. The reservoir 44 is in fluid communication
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with the pump 58. Accordingly, the pump 58 may be used to pump e.g.
a cooling fluid from the reservoir 44 into the tank 4 and to pump the

fluid back into the reservoir,

Ten shafts are rotably mounted to the lower portion of the tank 4. A
number of roller members 12 are rotably mounted to the shafts. The
shafts and the roller members 12 attached to them constitute a roller
convayer for easing transport of wood into the tank 4 and out of the
tank 4.

A plurality of wood boards 6 is stacked in the tank 4. The wood boards
& are resting on a lower plate-shaped support member 26. The wood
boards 6 are sandwiched between the lower support member 26 and an

upper plate-shaped support member 24.

A first group of electrodes 8, 8, 8" and a second group of electrodes
10, 10’ have been inserted into the batch of stacked wood 6. The
groups of electrodes are electrically connected to a HF (high fregquency)
generator 18 by cables 14, 14’ and 16, 16’ in such a manner that, when
operating the generator 18, the first group 8, 8', 8" has a polarity being
opposite to that of the second group 10, 10'. The electrodes 8§, 8/, 87,
10, 10" are arranged in such a way that two neighbouring electrodes

have opposite polarity.

The electrodes 8, 8', 87, 10, 10/, the associated cables 14, 14" and 16,
16" and the HF-generator 18 constitute an electrode system, which is
capable of producing electromagnetic radiation in the frequency range

of approximately 10 MHz to approximately 30 MHz.

The plate-shaped upper support plate 24 and the lower plate-shaped
support plate 26 are connected by a first clamp 38 and a second clamp

40. The clamps 38, 40 provide a compression force pressing the two
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support plates 24, 26 together. The compression force will counteract
deformations, such as twisting and bending, of the wood boards 6
caused by the heating process. The clamps 38, 40, and the upper 24
and lower 26 support plates constitute a compression system
configured to prevent deformations of the wood 6 during the heating

proCess.

The tank 4 comprises a first closed end portion 68 and another end
portion 70. An opening is provided at the end portion 70. The end
portion 70 comprises a detachable tank door 34 configured to be
detachably attached to the remaining portion of the tank 4. A sealing

member shaped as an O-ring 36 is provided next to the door 34.

The tank door 34 can be removed in order to fill wood 6 into the tank 4
or to remove heat-treated wood 6 from the tank 4. The use of the roller
members 12 eases these processes.

After arranging the wood boards 6 in the tank 4 and closing the tank,
the heat treatment may be initiated. The heat treatment is carried out
by means of the electrode system, which is capable of producing
electromagnetic radiation in the frequency range of approximately 10
MHz to approximately 30 MHz.

The heat generation will not be initiated before the pressure in the tank
4 exceeds a predefined pressure level e.g. between 5-27 bar, such as

20 bar. Examples of such treatment method are illustrated in Fig. 2.

It may be an advantage to arrange a pressure sensor {(not shown) in
the tank 4 or in one of the tubes 54, 56. Accordingly, the pressure
sensor may be applied to detect the pressure and thus to control the

wood treatment process.
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By using high frequency electromagnetic radiation, it is possible to
conduct a homogeneous heating of the wood. Hereby, it is possible to

provide a homogeneous wood quality.

Fig. 4 illustrates a schematic cross-sectional view of an apparatus 2 for
heat treatment of wood 6 according to the invention. The apparatus 2

basically corresponds to the apparatus 2 shown in Fig. 3.

The apparatus 2 comprises a tank 4 having a central cylindrically
shaped portion extending and two end portions 68, 70. The first end
portion 68 is an integrated part of the tank 4. The second end portion
70, however, is configured to be detachably attached to the opposite
(open) portion of the tank 4. The second end portion 70 comprises a
door 34 and an O-ring 36 adapted to be applied for the purpose of
sealingly attach the door 34 to the remaining portion of the tank 4.

A first tube 56 and a second tube 56’ are provided in the top portion of
the tank 4. The first tube 56 connects the tank 4 with a reservoir 42
and a compressor 52 via another tube 54. The compressor 52 is

adapted to pressurise the tank 4.

A compressor valve 48 is arranged in the tube 54 between the
compressor 52 and the tank 4. The compressor valve 48 is configured
to establish communication between the compressor 52 and the tank 4
and to disconnect this fluid communication. The compressor 52 may be
controlled by any suitable control member (not shown), such as a
control box, which is electrically connected to the compressor 52 and

optionally to one or more pressure sensors.

A reservoir valve 46 is provided between the reservoir 42 and the tank
4. The reservoir valve 46 is configured to establish communication

between the reservoir 42 and the tank 4 and to limit or completely shut
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off this fluid communication. The reserveir 42 may contain any fluid of
interest e.q. a wood preservation liquid. The apparatus 2 may be
configured to perform several treatment processes including

impregnation of a wood preservation liquid.

A pump 58 is connected to the tube 56’. A pump valve 50 is arranged
between the pump 50 and the tank 4. It is possible to establish fluid
communication between the tank 4 and the pump 58 by means of the

pump valve 50.

Further, by at least partly closing the vaive 50, it is possible to decrease
the flow or even completely shut off the connection between the tank 4
and the pump 58. A reservoir 44 is provided above the pump 58. The
reservoir 44 is arranged in fluid communication with the pump 58.
Therefore, the pump 58 can be used to pump e.g. a cooling fluid from
the reservoir 44 into the tank 4 and to pump the fluid back into the

reservoir 44,

Ten shafts are rotably mounted to the lower portion of the tank 4. A
number of roller members 12 are rotably attached to the shafts. The
shafts and the attached roller members 12 constitute a roller conveyer
configured to ease the transport of wood into the tank 4 and out of the
tank 4.

A plurality of wood boards 6 is stacked in the tank 4. The wood boards
& are resting on a lower plate-shaped support member 26. The wood
boards 6 are sandwiched between the lower support member 26 and an

upper plate-shaped support member 24.

A first group of electrodes 8, 8, 8" and a second group of electrodes
10, 10’ have been inserted into the batch of stacked wood 6. The

agroups of electrodes are electrically connected to a HF (high freguency)
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generator 18 by cables 14, 14’ and 16, 16’ in such a manner that, when
operating the generator 18, the first group 8, 8', 8" has a polarity being
opposite to that of the second group 10, 10'. The electrodes 8§, 8/, 87,
10, 10" are arranged in such a way that two neighbouring electrodes

have opposite polarity.

The electrodes 8, 8', 87, 10, 10/, the associated cables 14, 14" and 16,
16" and the HF-generator 18 constitute an electrode system, which is
capable of producing electromagnetic radiation in the frequency range
of approximately 10 MHz to approximately 30 MHz.

The plate-shaped upper support plate 24 and the lower plate-shaped
support plate 26 are connected by a first clamp 38 and a second clamp
40. The clamps 38, 40 provide a compression force pressing the two
support plates 24, 26 together. The compression force will counteract
deformations, such as twisting and bending, of the wood boards 6
caused by the heating process. The clamps 38, 40, and the upper 24
and lower 26 support plates constitute & compression system
configured to prevent deformations of the wood 6 during the heating

process.

After arranging the wood boards 6 in the tank 4 and closing the tank,
the heat treatment may be initiated. The heat treatment is carried out
by means of the electrode system, which is capable of producing
electromagnetic radiation in the frequency range of approximately 10
MHz to approximately 30 MHz.

The heat generation will not be initiated before the pressure in the tank
4 exceeds a predefined pressure level e.g. between 5-27 bar, such as

20 bar. Examples of such treatment method are illustrated in Fig. 2.

It may be an advantage to arrange a pressure sensor (not shown) in
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the tank 4 or in one of the tubes 54, 56. Accordingly, the pressure
sensor may be applied to detect the pressure and thus to control the

wood treatment process.

By using high frequency electromagnetic radiation, it is possible to
conduct a homogeneous heating of the wood. Hereby, it is possible to
provide a homogeneous wood quality.

The method of the invention is further illustrated by the following non-

limiting examples.

Examples

Exampie 1

All tests were conducted and approved by The Danish Technological
Institute in Denmark where a laboratory machine owned by DWT A/S
was installed. Tests were performed using logs of wood (Pine, Spruce,
Cak and Meranti Mahogany) with dimensions 1200 x 45 x 95 mm
having a moisture content of 20-25%. The logs of wood were subjected
to treatment with a selection of solutions (liquids) selected from water
containing colour pigment, alum (5%, 10%, 20%), boric solution
(20%), and copper, respectively. The logs of wood were treated using
the method of the invention by which the logs of wood were subjected
to a pressuring step, and a heating step. The results are presented in

Example 2.

Example 2

The logs of wood treated according to Example 1 were analysed for
uptake of different liquids at various concentrations. The resuits are
indicated in Table 1. “Full imp.” denoctes “full impregnation”. The uptake
of the various solutions were determined on the basis of the weight of

the logs before and after being treated using the method according to
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Table 1: Test results.
Liquid Pine Spruce Oak Meranti
(25%) Mahogany
Water with colour | 579 kg/m® | 478 kg/m?® | 340 kg/m?® | 307 kg/m?
pigment
Alum 5% solution Full imp. Full imp.
Alum 10% solution | Full imp. Full imp.
Alum 20% solution | Full imp. Full imp.
Boric solution 20% | Full imp.
Wood  tar/linseed +300 kg/m?
oil 50/40
Copper Full imp. 438 kg/m?3
(Celcure ACB00)

10

15

20

The results confirms that the method according to the invention can be
controlled so as to provide complete or partial absorption of liguids
through the wood. The laboratory plant has further proven a stable
production of Spruce and Pine wood, where alum, and copper have
been recorded by more than 400 kg per m3 of wood.

Tests performed document that the method of the invention makes it
possible to achieve full impregnation into heartwood. Test performed
further document that the method of the invention makes it possible to
applicate both water-based and oil-based liquids to wood and achieve
full impregnation into heartwood.

Exampie 3
The impregnation depth is & very important parameter in the treatment

of wood. The impregnation depth determines the possible uses of the
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wood and the durability thereof. Most countries apply very strict regula-
tions to outdoor uses of impregnated wood as well as to fire resistance,
durability and resistance towards rot and fungi. Furthermore, impreg-
nated wood must also fulfil demands as regards environmental issues
and human health issues due to the use of chemicals and biocides in

the impregnation process.

In general, the following impregnation depths are required:

- Full impregnation of Spruce wood (25% humidity) and Pine
heartwood, which both cannot be impregnated using traditional
treatments.

- Full impregnation for manufacturing of wood being fire resistant,
having extremely long lifecycle (marina piles) and for building
structural elements.

- & mm impregnation for manufacturing of wood with increased
durability and fire resistance performances, for outdoor
application in several (most common) field of application.

- 3 mm impregnation for manufacturing of wood with improved
characteristics included aesthetics, for instance for furnishing and
flooring.

The logs treated and analysed in Example 1 and 2 were subjected to
inspection as regards impregnation depth. The resuits are shown in Fig.
5. Fig. 5A illustrates traditional impregnation wood for comparison. The
traditional impregnation was accomplished using vacuum (40 minutes)
followed by pressurization (3 hours). Fig. 5B illustrates wood 84
impregnated according to the invention (combination of pressurisation
and heating). Fig. 5C illustrates wood 84 fully impregnated by the
method according to the invention. Accordingly, the sapwood 80, the
heartwood 76 and the pith 82 of the heat treated wood 84 can be
impregnated by using by the method according to the invention.

Moreover, gnarl 78, 78 (not shown) can be impregnated by using by



WO 2016/138910 PCT/DK2016/050061

10

15

20

29

the method according to the invention.

In Fig. 5A it can be seen that the impregnation depth D corresponds to

approximately one sixth of the thickness of the wood. This means that

only the periphery of the wood is impregnated. Accordingly, only a

portion of the sapwood 80 is protected by the impregnation. Neither the

heartwood 76, the pith 82 nor the gnarl 78, 78" are impregnatead.

As the tests performed document, the method of the invention provides

the following benefits:

Full impregnation of wood both with oil-based, salt-based and water
based solutions.

Full impregnation of softwood like wet Spruce (25% humidity) and
Pine.

Full impregnation of hardwood like Mahogany and Oak.

Full penetration to heartwood (+50 mm).

Impregnation can be achieved without pre-drying the wood.

Handling of wood tar and linseed cil as paint is usually not adequate
for the modern building industry. Ideally, wood tar and linseed oil
should be applied 3-5 times on the particular wood surface with a
drying range of one week per supply. The method of the invention
allows full application of wood tar and linseed oil directly into the raw

wood in the treatment process.
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Claims

1. A method for heat treatment of wood (6) comprising the steps of

- placing said wood (6) in an airtight tank (4),

- pressurising said airtight tank (4) to a predefined pressure {P1) to
establish a pressurised environment for said wood (6),

- heating said wood (6) to a predefined temperature (T3, T3},

wherein the predefined pressure {P:) during heating prevents water

present in the wood (8) from evaporating at the predefined temperature

(T2, T3).

2. A method according to claim 1 further comprising one or both of the
steps of
- cooling said wood {6), and

- drying said wood {6).

3. A method according to one of the preceding claims, wherein the step
of pressurising and the step of heating is performed simultaneously, or
wherein the step of pressurising is carried out prior to the step of
heating.

4. A method according to one of the preceding claims, wherein a water-
containing liquid is present during the pressurising step and the heating

step.

5. A method according to claim 4, wherein the water-containing liguid is
present in an amount sufficiently to hinder the water present in the

wood (6) from evaporating.

6. A method according one of the preceding claims, wherein the water-
containing liguid is selected from water, flame retardants, colourants,

biocides, fungicides, and Iimpregnating agents, and combinations
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thereof.

7. A method according to one of the preceding claims, wherein the
heating is by calorimetric heating or by dielectric heating.

8. A method according to claim 7, wherein the dielectric heating is
electromagnetic radiation by means of one or more electrodes (8, 8/,
8", 10, 107.

9. A method according to one of the preceding claims, wherein the
predefined temperature (T2, T3) is above the boiling point of water at
atmospheric pressure, preferably above 140°C, preferably above 150°C,
such as 170-215°C.

10. A method according to one of the preceding claims, wherein the
predefined pressure (Py) is above 5 bar, such as 5-27 bar.

11. A method according to one of claims 2-10, the cooling is performed

by supplying a cooling medium to the tank (4).

12. A method according to one of the preceding claims, wherein the
heating is performed for a period of time in the range of minutes to

hours, such as from 15 minutes to 10 hours, such as from 1-5 hours.
13. A method according to one of claims 2-12, wherein the drying
process is performed by reducing the pressure in the tank (4) as the
temperature in the tank (4) is reduced.

14, Wood obtainable by the method according to one of claims 1-13.

15. Use of the method according to one of claims 1-13 for treating

wood.
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The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2-8, 11-13(completely); 1, 10, 14, 15(partially)
combined heating and impregnating method carried out at a
temperature T and at a pressure higher than the saturation
pressure of the water corresponding to said temperature T

2.

claims: 9(completely); 1, 10, 14, 15(partially)

method for thermally treating wood carried out at a
temperature T higher than 140°C and at a pressure higher

than the saturation pressure of the water corresponding to
said temperature T




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/DK2016/050061
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4413024 A 01-11-1983 GB 2071715 A 23-09-1981
us 4413024 A 01-11-1983

Form PCT/ISA210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

