1 -PROCESS FOR TREATI NG WOOD TECHNI CAL FI ELD OF THE | NVENTI ON A net hod for
liquid treatnent of wood involving vacuum hi gh-pressure, and heati ng
supplied in different stages is put forward. Additionally, the nethod can
be enpl oyed for heat treatnment of wood, e.g. for the purpose of drying.
BACKGROUND OF THE | NVENTI ON (PRI OR ART3 In the wood industry, it is conmon
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problemw thin wood treatnent is warping of the wood, which is explai ned by
two principal effects. Firstly, the warping nay be a result of shrinkage
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conduction fromthe surface. Mcrowave radi ation can also be applied for
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heati mg of the product. This gives a deeper penetration of the applied
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problem within wood treatment is warping of the wood, which is explained by two
principal effects. Firstly, the warping may be a result of shrinkage anisotropy, resulting
in cupping, bowing, and twisting. Secondly, the warping may be a resuit of uneven
drying, leading to structural damage, such as raptures, external and internal checks,

20  and splits

One common step in wood treatment involves heating of a wooden product, which can
be achieved by applying different forms of electromagnetic radiation. At the shortest
wavelengths, the product is illuminated by infrared radiation, where the heat reaches
25 the interior of the product through convection or conduction from the surface.
Microwave radiation can also be applied for heating, where the temperature is
increased through direct dielectric heating of the product. This gives a deeper penetra-
tion of the applied energy. At the longest waveiengths, the product can be subjected to
high-frequency radio emission, which also increases the temperature through dielectric
30 heating, but with a deeper peneiration compared with that of microwave radiation,

thereby enabling a more homogeneous heating.

For the case of a metal, high-frequency radio emission will induce eddy currents,
which will heat the material. This electromagnetic inductive heating is the most efficient

35 if the metal is ferromagnetic, which is the case for several industrial types of steel.



Vacuum drying i s anot her common nethod in wood treatnent, where the product
is subjected to dielectric heating. As an exanple of a general application
of vacuumtreatnent see U S pat no 5,575,083. The vacuum | owers the boiling
tenperature, while the electromagnetic_field increases the tenperature,
resulting in a nore efficient 5drying fhen conbi ni ng the techniques.
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to provide a nethod for. adding a liquid to the internal structure of wood.
A partl cuﬁgrmgf”‘@?i nu%"@’%'?’”? ﬁ"& tﬁg'g‘éceuﬁt& invention is that a heating subsequent
to supplying the liquid to the wood enabl es a higher amobunt of liquid to be
added to ?xhethi nternal structure Oog‘ t,[he wood. An adva ta%ezhvmrt h. .t he present
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above features, nunerous other objects, advantages and features will be
evident fromthe general and detail ed descriptions given bel ow of preferred
enbodi nrenO8JECTOrOF MEELINVENTIPResent i nvention. The objects, advantages and
features are according to a first aspect of the present invention obtained
by a nethod for liquid treatnment of wood conprising the 35steps of placing
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heating subsequent to supplying the liguid to the wood enables a higher amount of

liguid to be added to the internal structure of the wood. An advantage with the present
20 invention is that it enables a comparatively large amount of preservation liquid to be
added to the wood. Another object according to the present invention is to provide a
method for treating wood with heat, e.g. for the purpose of reducing the water contents
of the wood, enabling a larger amount of liquid to be added to the wood. Another
particular feature of the present invention is that it allows for a liquid and/or heat

25  treatment without causing warping of the wood,

SUMMARY/DISCLOSURE OF THE INVENTION

30 In addition to the above objects, the above advantages and the above features,
numerous other objects, advantages and features will be evident from the general and
detailed descriptions given below of preferred embodiments according to the present
invention. The objects, advantages and features are according 1o a first aspect of the
present invention obfained by a method for liquid treatment of wood comprising the

35 steps of placing the wood in an airtight tank, evacuating the airtight tank to establish a

vacuum environment for the wood, applying a liquid to the wood,



3 When the vacuum environnent is established, there will be a pressure
di fference between the interior of the wood and the vacuum environnent.
Natural fluids, e.g. water and air, will be expelled fromw thin the wood
because of the pressure difference, in_which natural pathways and vessels
for fluids within the wood may be 5 cl Bared from obstacl es, enabl i ng an
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wood is possible that the proposed process will reach an
over - sat urrakiziright3snk ay hbethe form of a cylinder with convex end-caps. Here, airtight

may be understood as having the ability fo sustain both a vacuum environment and a
pressurized environment for an extended period of time. Naturally, the airtight tank
may have a door, or a contraption with a similar function, for enabling a repeated
30 placing or removal of stacked wood in the tank. As the tank shall sustain a pressurized
environment, measures may have to be taken to seal the door to the tank, e.g. by nuts

and bolts, especially if the door opens outwards from the interior of the airtight tank.

35



10liquid will be expelled fromthe wood when the pressure of the

pressuri zed environnent is equalized with that of the anbient atnosphere.
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el ectromagnetic radi ati on 15 through one or nore el ectrodes, wherein the

subsequent_,_ h i i i nul t / bse e p_ of
2ppl ying. 77 raarecop e b L pnsoEolF poelt BRE MR Mo fReh e onR o e
per f or medthet diep streequicint the airighd tarkyto lestaplishoa ptessursdethdnivaoreoergifyr the,
and/ or subsequent to, th ressurizing. JThe.heating. of. the wood nmay, have the
Rvant age APRas e 1k e B PR B o tud Rl A aRtiah et OB g coci 1y
of the |i giegpdf2Ppidiegrdiasias A mestutibed Envdiondeciomapbaet 4 atasseredhatfisietdeer i nto
the wood structure. Natuyral]l t hi ffect. may, also be tai ned b
br ehoati b o et e $€ mstsuld ' i FibisTh SRR AN TR e Rar ¢ he
vapour pressane fofm thee plesguredbfitse gaaate envilvement, tbatiquid wilhéearcad into

kes it der, to vacuum , The

envi ronmeqt, which h maint.ain the desired
subsequentie el TS “pdstPRLIE Ry o = iokd e Tafat bl FE VA K Réoa,

whi ch may reihed ceatutedly | theuhighémthe mavsure ethei holaliquitbwill badhedd ifthethei qui d
may be a substance t.hat n be cured by heating, which increases jits

U Scosi 1y TR ERSHPRY s BRoabroL Bt i odttian DR P RE el bReat i ng
may beo veliguidinfdlyv bar epdedled Sfrara ethishevdor c weas etthev basegriet wf rtedupessdrized
l'iquids' abilit 0 penetrate jntqQ, 30the structure of the wood. By the

pr oposed ﬁBYiWSH‘?é”@JSo%Ué%?dB‘é&stQ?RPSé ee%lmg'Pmi Eﬁ'fnﬁg% r%y liquid, which is then
cured within the wood structure by heating. The net hod of treating wood
may furth conprjse the st of subjecting the woqd to ior heating by
o1 vct r ommg AR CTLgeatd B 655 AStsRA SEhe e nEtE RPpata v huriamtTas, e
prior heasiepgofi subpedtiog the ward/ Br a Subséduene bestigby tecsbeagoéticapaiationg a

I i qui .aneousl| y t nd/ or

Thi 5 pri heat i be .pri t i.nul
Cubsedtient Ot A B B5 G Py RN 1 BByt RS rHE eI SkeRat  ng
may have theé/oadubsdgaget tohtbe stepidicapphsres atlleid. nt érenaleppsfesessgizio theod
Lo e AT St B RS R 0 WA 4 S
pressur e dhé/bersabsauehn iovithe hprasdudirial. pae hivayiag asfdinee asetl smawrhalvk uihds

wthin the wood e .cleared from ohstacl es,. enabl.i ng an.. easjier. flow for
o o o Bt T e G e b onad PR e e PRne 8P hE Jolib ont o
m cr 02 opidecreagdsaas tHeniquliccapt gametrateesveh furtter o the wdudosiglatundiNumaig, ur al
fluids may .escape, and other. flyids enter. t he, unt of .natural fluids
Wi thi §nlis SR8 ey B A5kl By mERb e AT 3ne Ml RS el B SR qut o s
I ncr eased theltieaghantigeltratt thaapayr resqae tof thel Bydid/ isf greatar alblea inbetarspief or med
in a vacuum environnent, as. the | ow pressyre nore qr l.ess .may have _the sane
of f oot on Vo SBUrT e Viieh dRakBat PRERT HairAaEm He: S BEoREUHEr KNP
conj unct i eobsdqueitthesating heaywalsal intrerzei the iremnbl prleseurk onveiesswbdre virocH mag poi nt
of thgﬂex el l ed natura i Ki r‘%dthem easier to renmove fromthe

t '~ .

airti AR% :qy}qéntolcalvljtigsu it g\%é noFreas

The liquid may be a substance that can be cured by heating, which increases its
viscosity significantly. Naturally, for this kind of liquids, a preheating may be very
unfavourable, since the increased viscosity reduces the liquids’ ability to penetrate into
30 the structure of the wood. By the proposed method, wood can be saturated or infused

by liguid, which is then cured within the wood structure by heating.

The method of freating wood may further comprise the step of subjecting the wood to
a prior heating by electromagnetic radiation through one or more elecirodes, wherein

35 the prior heating is prior to and/or simultaneous to the step of applying a liquid. This



15action of the vacuum punp. The one or nore el ectrodes enployed in the
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be in the range of approximatety 1 1o approximately 2. By limiting the increase of the
25  pressure this way, it is ensured the natural fluids, in particular air and water vapour, is
not pressed back into the structure of the wood, which would hinder the liquid to reach

the cavities within the wood.

The pressurized environment may have a gas pressure in the range of approximately
30 1 bar to approximately 12 bar, which has been found to be a particularly favourable
parameter range when performing the proposed method for liquid treatment according

to the first aspect of the invention.

The wood may be completely immersed in the liquid, which may have that advantage
35  that the liquid can enter the wood from all sides. For the case of machined wood, e.g.

sawed, planed, or lathed wood, openings of capillaries and natural pathways for liquids



m x of chem cal conpounds. As an exanple the liquid may be a 20% sol ution
of dinatriunoctaborat-tetraborat in nonoetylenglycol, or it may be a

| inseed oil based paint. Alternatively, the liquid nmay be liquid water,
supplied for increasing the water contents of the wood. 25 The objects,
advant ages and features are accor di ng fo a second aspect of the pr esent
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30  radiation through one or more electrodes. A direct advantage of this method may be
that the water content of the wood is lowered. This is achieved by the combined
vacuum environment and heating. Both of these will confribute to increase the
pressure difference between the interior of the wood and the interior of the airtight
tank. Natural fluids e.g. water and air, will be expelled from within the wood because

35  of the pressure difference, in which naturai pathways and vessels for fluids within the



resonances in the electrodes and the associ ated power/frequency supply, as
well as 35within the confined space of an electrically conducting airtight
tank, can be avoided or reduced. Naturally, resonances al so depend on the
geonetric placing in the three- B di rrznsi onal body of the stacked wood

pi eces, as well as the shape of the el éctrodes and the airtight tank.
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30 than, the planar surface defined between two neighbouring layers of wood.

The one or more electrodes may constitute two groups of electrodes having opposite
polarities, One advantage with this particular feature may be that unwanted
resonances in the electrodes and the associated power/frequency supply, as well as
35  within the confined space of an electrically conducting airtight tank, can be avoided or

reduced. Naturally, resonances also depend on the geometric placing in the three-



10 horizontal normal. This particular feature has the advantage that it
allows for a prevention of warping in two di nensi ons of the wood.
Preferably, the flat conpression plates are parallel to the general
direction of the fibres of the wood. The conpression system nmay conprise a
clanp for establishing a part of, or the whole 15 of, the nechani cal
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one or nofee redigivbhedidyy. This feature may present an advantage if heating
fromthe boundaries of the wood is preferred, e.g. if the wood only defines
a 35 small nunber of layers, or a single |ayer. The conpression system may
conpri se ahpetoirambgnatecudaiigumpyheve prieauenaygn tineramge v aprrakimatads $8ire and

L
est abl i shiangoainchteﬂj/ Qvniztmm.ng hdsd)aeecshawhdhdat the @_saﬁingeof vorodvl gadicnlaripe
ot abi 1 shERG ot e TR BAMChr ecsur o, ne ai mof the present fnvention is
to provide a new nulti-step process for the curing and drying of a product,
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20  may further comprise the step of establishing a mechanical pressure on the wood by a
compression system for preventing deformation of the wood. This particular step may
be prior, simultaneous, or subsequent to any of the earlier mentioned steps of the
suggested methods. The step of establishing a mechanical pressure may be priorto a
prior heating, and/or prior the step of applying a liquid. Additionally or aiternatively, the
25 mechanical pressure may be maintained to a point in time being subsequent o a
subsequent heating. One advantage of the mechanical pressure is that it prevents
warping of the wood when it is freated, in particular by heating. Another advantage
with the mechanical pressure may be that the structural properties of the wood, e.g.
the tensile strength, are improved. Further, the mechanical pressure may be employed
30 for decreasing the volume of the wood. It has been shown that it is possible to achieve
a compression of the wood of up to 50% in one of its physical dimensions. Preferably
the compression has a direction perpendicular to the general direction of the fibres of

the wood,

35 The wood may be arranged to define a flat side, and the compression system

comprises a fiat compression plate for distributing the mechanical pressure over parts



10 [3] mcrowave radiation. In step [2] and [3] the wood el enent may be
pl aced i nside a vacuumtank. The steps are perforned in the said order;
however, one or nore of those may be excluded fromthe process. The

advant age w tdaohdess new process over prior art is that schmplseiets a nore

efficient 15 and uni form heating of wood, thereby shortening the tine

needed for curing or drying, wthout anygnegative structural effects on the

final product. The process can be optimzed for different wood properties -
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product and pRifaRE patand tothe gBncrhieititionaf the Medittd webd35 material, such as
steel or carbon, the heating in step [1] and [2] can be di stributed in a

nore uni form fashi on, making one of the steps obsolete. 11 Froma slightly
di fferent pefThpeatpressicrosysteni may torhprisepr aarepforiestablishingia past df ooriicovhattle a new
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for an extended period of time, without cccupying the airtight tank.

As an alternative or addition to the clamps, the compression system may comprise a -

hydraulic or pneumatic compressor for providing the mechanical pressure. This has
25 the advantage that the mechanical pressure can be varied during the treatment of the

weod. Shrinkage or expansion of the wood is common phenomena in wood treatment,

and a compression system involving hydrauiics or pneumatics can adjust to these

effects. For example, if the wood shrinks, a flat compression plate can be moved to

maintain physical contact with the wood, which enables a constant mechanical
30 pressure.

Further, at least one flat compression plate may additionally have the function of an

electrode of the one or more electrodes. This feature may present an advantage if

heating from the boundaries of the wood is preferred, e.g. if the wood only defines a
35 small number of layers, or a single layer.



If there are netal conmponents in a product, the high-frequency radio
em ssion will induce heating both through el ectromagnetic induction in the
nmetal and by direct dielectric heating. The former will heat the product

from wher pnponents are situated, while for th heat i ng
Is the stﬁgﬁg}é@tmgtﬁfhe surface of the product The 15% %‘ﬁgcﬁo({rzrg%nents can

be smal| objects, such as fibres, hooksi8nd rings which can be evenly
spread throughout t he product, thereby distributing the heating in a nore
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drying wood. Fig.4 schematically outlines a preférred metho f drying, and .
35Fi g. 5 schematically outlines another preferred method of drying. WO
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-10 rests on a roller conveyer 97, allowi ng the batch of wood to slide into

t he tank 90. _
The advartage with this new process over prior art is that it provides a more efficient
15 and uniform heating of wood, thereby shortening the fime needed for curing or drying,
without any negative structural effects on the final product. The process can be
optimized for different wood properties — such as dimensions, water contents and
reinforcement spacing — by varying the time and the applied power in each of the
steps above. Further, the frequency of the induction fields in step [1] and [2], i.e. the
20 magnetic and high frequency radio fields, can be varied to achieve a mare favourable

heating for curing and drying.

For the case of steel-bar reinforcements placed close to the centre of a product, the

~ magnetic induction [1] will heat the element from iis centre. The high-frequency radio

25 emission [2] will induce heating, both through electromagnetic induction in the

reinforcements and by direct dielectric heating of the product. The former will heat the

elemenis from its centre, while for the latter the heating is the strongest at the surface

of the element. The microwave radiation [3] will induce dielectric heating that is the

strongest close to the surface. Clearly, even though being a very inhomogeneous

30  medium, the temperature of a steel-bar reinforced product can be increased uniformly
by the above-suggested mulii-step process.

For other kinds of reinforcements, such as small fibres, hooks and rings, that are
evenly spread throughout the product and manufactured of an electrically conductive

35 material, such as steel or carbon, the heating in step [1] and [2] can be distributed in a
more uniform fashion, making one of the steps obsoletea.



The tank 90 can be sealed off fromthe anbient by way of a tank door 80 and
an o-ring 81 being placed over the opening for |oading 82. An outflow tube
92 connects the airtight tank 90 to pneunatic vacuum punp 93, whereby a
vacuum can be established 15 inside thﬁ airtight tank 90. An outflow val ve
91 is placed in the outflow tube 92 to allow the tank 90 to maintain | ower
t han at nospheric pressure even though the vacuum punp 93 is tuned off. A

cl osed outflow valve 91 will also allowthe tank 90 to be opened wi t hout
putting tBemachostty differeohperapantive venspaigudfeibe ereseot inveplionpis 98 provide dressur e
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the batch of stacked wood, and/or between colums defined by the boards 94.
The group el [ t o I Y C es 99
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ated, while for the latter the heating is the strongest at the surface of the product. The

15  metal components can be small objects, such as fibres, hooks and rings which can be
evenly spread throughout the product, thereby distributing the heating in a more uni-

form fashion.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and features according to the present invention will be more readily
apparent from the following detailed description and appended claims, where the

former is presented in conjunction with the drawings:

25
Fig.1 illustrates a first and preferred embodiment of the method for a liquid treatment of
wood.
Fig.2 illustrates a second embodiment of the method for drying wood.

30

Fig.3 illustrates a third embodiment of the method for drying wood.

Fig.4 schematically outlines a preferred method of drying, and

35  Fig.5 schematically outlines another preferred method of drying.



99 and 100, and the HF-generator 98 constitutes an el ectrode system which
is suitable for producing el ectromagnetic radiation in the frequency range
of approximately 10 MHz to approximately 30 MHz, 5A reservoir 105 for a
preservati bAlldkg 1s interconnected with the tank 90 Ve n infl ow
Db o M o L e e ot the Tl o of p?@s(lerva{ﬁi@%sﬁﬁl i qui d
fromthe reservoir 105. In this particulfdr embodi nent, the flow is achieved
by hydrostatic pressure within the reservoir 105. Wth an open reservoir

val ve 106 the preservation liquid will flow through the inflow tube 108 to
the tank 90, thereby reaching the den 10 boards 94. A conpressor 103 is
i nt er connect BETAj FCRIAT IO INMENTNugh a conpressor valve 104. The
conpressor 103 can establish a pressurized environnment, preferably having a
fluid pressure of approximately 1 bar to approximately 12 bar, inside the
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94 while they are treated by the proposed method. The clamps 88 and 89, and the

upper 95 and lower 96 support plates constitute a compression system for preventing
deformations of the wood when drying.
30
Two groups of electrodes have been placed in vertical orientation next to the baich of
stacked wood, and/or between columns defined by the boards 94. The groups of
electrodes are connecied to a HF-generator 98 by cables 99 and 100 so that, when
operating the generator 98, the first group 101 has a polarity being opposite to that of
35 the second group 102. The electrodes are arranged so that two neighbouring
electrodes have opposite polarity. The electrodes 101 and 102, the associated cables



airtight tank 30 to pneumatic vacuum punp 33, whereby a vacuum can be
established 10 inside the airtight tank 30. An outflow valve 31 is pl aced
in the outflow tube 32 to allow the tank 30 to maintain | ower than

at nospheri c pressure even though the vg uum punp 33 is turned off. A closed
outflow valve 31 will also allowthe tWnk 30 to be opened w t hout putting
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when oper n ener irst.grqup.41 has a.po bei ng
opposi te ? ‘?%&Wf’a‘f@? h?@%@ﬂawé‘ﬁ%%ﬁﬂé .tﬁ%ﬁ%kgﬁ g}e[ref%ergacg}lﬁg g\er\"é &d so
that tew bearghlauiA ogneleesdrr idess ihavanapies iwie tholiafidve yubeThes Mrmagrr ades 41
and 42, the associ %ﬁed ca?bes 39 30 a 40 a?[d%l F e aé ¢

const i t ut S88TBFSEY @ Folté {08 LRMPRRPC i an éFFS?g&SF%%u Y’G?Bme“

el ect r omagnsérablyr idirat & diid pres‘slﬁefcﬁfeapmmmarewngebamftoazmprmmhaiatyeigl baf) Mz to
appr oxi matel ’Eﬁ ~ \When operating the second arrangenent for drying wood
accor di ng 8§ €Y% i cul ar 35 embodi nent, the wood is placed inside the
tank 30, a vacuumis established by way of the vacuum punp 33, the wood is
subj e ani ca

2006/ §ho06KbACTFIETS9008 019813 FH"EUnHIFOLt 3 6y Er'cECURAS (e GOBEYT heat ec
by subj echumg 93 tot@p@sem’enammbmfra@d'ro&trhﬁ@lytﬂ@rtmagimr@dh&a@lyem mody. syst em
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_ ?g\?vlep Stsugaf l:yat1 Oﬁoy\%re @%éé%?gt %le bouap gs? 5& (E)UT%tgethg‘l th lengésdgretsguere tw fin ?10 the
tank 90 is held within the range of approximately 10 o approximately 40 mmHg,
alternatively within the range of approximately 0.04 bar and approximately 0.1 bar, The
discharge is terminated by closing the reservoir valve 106 after the boards 94 have
25 been completely immersed in the liquid. The essential feature here is that the liquid is
supplied to the wood 94 in a vacuum environment. The valve 81 to the vacuum pump
93 is closed, and the reservoir valve 106 is opened to allow pressure equalization by
the liquid. The reservoir valve 106 is closed and the compresser valve 104 is open to
allow the compressor 103 fo establish a pressurized environment in the range of
30 approximately 1 bar to approximately 12 bar. The described presently preferred
embodiment can yield a concentration of preservation liquid in the wood that is up to

about 20 times higher than what is possible by conventional methods.

A cross-sectional view of a second arrangement for drying wood according fo a
35  particular embodiment of the invention is shown in Fig.2. A batch of stacked wood in
the form of boards 34 is placed within a tank 30 through an opening for loading 22.



10 plate in turn rests on a roller conveyer 67, allow ng the batch of wood
to slide into the tank 60. The tank 60 can be sealed off fromthe anbient
by way of a tank door 50 and an o-ring 61 being placed over the opening for
| oadi ng 5 ow tube 62 connects the 15 airtigh @%%
pneurratlc%?/%?{t}a@n%%%rrp 63, whereby a vacuum can be esta%Fl S 08§| %s?l?de t he
airtight tank 60. An outflow valve 61 id4placed in the outflow tube 62 to
allow the tank 60 to maintain |ower than atnospheric pressure even though
the vacuum pynp | fgefifb f hye,8d, W s ?: S0 al | ow
the tank 60 to ggég Gzn k DBE de éf LR%E’?GPH&{ é‘fi)élva@g"g]aél%n oc}\h an ac

pneumati c vamﬁnmfiésestsr tﬁé’nmwptheézﬁﬂheoﬂ&mkd@wn@daﬁ'ﬂel.slagiﬁwet ﬂ&!ﬂ@!cﬁo can

be | owered t:%sﬂﬂogt S dhsfia Tﬂ%s’d%\ﬁcélr' Pﬁd?gﬁat‘éfaea%fo@%ﬁé@%@bd tﬂe%ﬁ@?ﬂ:pb&t plate
approxi mat el y mHg. g{)er support plate | ower

support pl at 8 ¢ Tgpte %&fﬁ@%’t@ﬂ"%?‘ é%‘g‘“&@ea?ﬁic'sgf W‘M’i t@ﬁ“%t“éﬁbi“?éﬁ“‘a
conpressi gn §mrce acting bringing the two 25 support plates 65 and 66
together. The conpression force is subsequently converted as a mechani cal
pressure over the upper and | ower sides of the batch of stacked wood, which
wi || count er tind tadie 80 cambe ssuted dilfedm the dmidieatt bpyapofl ek dosrR0 apld atnhgnngood
boards 64 wh I e upper
65 and | ower o0 el ThCite ol i tepdg 22 ATRLGH 858 52 confifll
preventing datightiank 8kt B@Umﬁth Yesuwo pumpsn wherngbn g vatuurmagendbe estatdishede

embodi e ¢ Reke ! Srighdhdd 2NAh olifibhivaRk 37 W0RREL: R EindiPhge b0 1PARY de a

mechani cal pressure with an essentially horizontal nornal gr oups of
el ectrodes hiRodanedd @ maintaia dowssitthan HB“Q?&P%‘I‘F pEsHIre enen thayel thel' MECUSR gr oups

of el ect rodeguras 83GOMiRE: 6 AQ:oaeMEuﬂaweJa%om Gk Qyo efd @R GAk Ao 4R SO
t hat, when oerat| t he %enerat the fjrst 71 has aﬁolarlty

oup
bei ng opposi Q?"FB tPy4iFe 1948 ‘F'B?b@‘“é’"@@? ifyacym PYPP Bheecond
group 72. Thﬂeedmtamsmemeaaﬁagar tROBE can Heh ivetetiton @itigih o Wyrical) réngeCoir odes

h d cabl 69
and 70, R TESIRRElD Ao B GRGMGBN ISR ode Satem which s

sui table for produm ng el ectromagnetic.radiation in the frequency range of

appr oxi mat el X ) GralficomgrBsctRRe et Wﬁto%i’ﬂe@%%on%@ BRREGH 36 GhelcREs o1 T
arrangenment for drying wood accordin t
the wall Of the tank 30 a tube 27 and a hydrauhc compressor 24. The piston is

connected to the flat upper support plate 35 and when aciivating the hydraulic

20 compressor 24 the established hydraulic pressure is converted to a mechanical
pressure over the upper side of the batch of stacked wood. This mechanical pressure
will counteract deformations, such as twisting and bending, of the wood boards 34
while being treated.

25 Two groups of electrodes have been inseried into the batch of stacked wood. The
groups of electrodes are connected to a HF-generator 38 by cables 39 and 40 so that,
when operating the generator 38, the first group 41 has a polarity being opposite to
that of the second group 42. The electrodes are arranged so that two neighbouring
electrodes have opposite polarity. The electrodes 41 and 42, the associated cables 39

30 and 40 and the HF-generator 38 constitutes an electrode system, which is suitable for
producing electromagnefic radiation in the frequency range of approximately 10 MHz
to approximately 30 MHz.

When operating the second arrangement for drying wood according to this particutar
35 embodiment, the wood is placed inside the tank 30, a vacuum is established by way of
the vacuum pump 33, the wood is subjected to a mechanical pressure by way of the



enbodi nent, the wood i s pl aced inside the tank 60, a vacuumis established
by way of the vacuum punp 63, the wood is subjected to a nmechani cal
pressure by way of the 10 conpression system and the wood is heated by
subj ect i ngw 50031?4934&& romagnetic radi ation through thePﬁ/&%B(ygg}q%@yst em To
give an alternative a principal description of the proposed nethod, a
schematic illustration of the process i8%outlined in Fig. 4. 15 The first
part in the nulti-step process is an induction unit 1 with a variable
out put frequ %Qﬁg . ' 0, . frequ | l.xed.
The unit 1 is qﬁl f)pe ﬁ’ha@ E:h%rﬁ&giég g%atéﬁi% a P?é 'tteﬁeagr%bgrq{ggp%lcx
i nduct i ve hetadiafign theough the eledtiode systedundi ng t he product. The frequency of
the variable magnetic field is typically in the range 20 to 20 150 kHz.
After the initial heating - corresponding to step [1l] above - a conveyor
bel t, a cartA§ipspapstioralaiay ¢ia Hird aranasgieRbiRt dingAed aCHIdiBe iR eeFRt her in
g he IDL ocess. erﬁgiﬁiirﬁ@ﬁ%mep@fehﬁ@‘f is ishewPInaGg 8 SA ibatcv\ﬁ ohktﬁﬂcﬁafdrvmdf am e fbmdd;fol uni t
wi th a varjabl e.out put power an requenc er ' r at_ | east
S0kW or. mor B REIE A AL, BK B Wi Sl ardti ulopdpe R T b, £
t he range 3 stacked wddd detmesnastpper BétesidebdgairkBwbigh leHiat uper horizdnt8 shgortan
el ectrode degi a i ' i .pduct i 4 Lel ectric
neat i ng of ¢ eseoat; SPiRhY IH Brlch br SkaPlubiod Ghnrel 2 k) Rl (Sl
ai rtight tankgaingherfiat tower hedaoniagsigipott itatp 66 dinside tthek sk (0be lowkh suprerpose
with the 1banﬁaﬂesn 1R Fkon AR} YorlvByes 87T AloWirld Be bafth Of 4BbE & e 3G tHe0
provi de the housing for a low 30 pressure environnment. A vacuum punp 7
| owers the pP@%@ere i nsi de chanber 3 through a piping system4. The
nmoi sture and air, which is discharged fromthe product inside 3, will be
removed throygh, t sane piping system .To preven he .moisture from
reachi ng they@%@ﬂgﬁ?% %gﬁ??efm%f%? g Ambi éBﬁWQ\’ 8@3 {aﬁgdﬁﬂ't@ra"fjra(?rﬂ"me air.
The water is61 beinglptsbed roven theeopdning rforSlobdingy 62¢ ah | cetfloadiube 62 wanéds ter 6,
from Wher1% ! gidféﬁﬁapl?sé E)Cﬁln%ll.l%gtic ﬁch&r('l ptunv?x é%', %néreby a vacuum can be established

inside the airtight tank 60. An outflow valve 61 is placed in the cutflow fube 62 to allow

the tank 60 to maintain lower than atmospheric pressure even though the vacuum
pump 63 is fumed off. A closed outfiow valve 61 will also allow the tank 60 fo be
opened without putling too much sirain on an active pneumatic vacuum pump 63. The

20 pressure inside the airtight tank 60 can be lowered to within a fypical range of
approximately 10 mmHg to approximately 100 mmHg.

The flat upper support plate 65 and the lower support plate 66 are connected by
clamps 58 and 58, which establish a compression force acting bringing the two

25 support plates 65 and 66 fogether. The compression force is subsequently converted
as a mechanical pressure over the upper and lower sides of the baich of stacked
wood, which will counteract deformations, such as fwisting and bending, of the wood
boards 64 whiie being heated and dried. The clamps 58 and 59, and the upper 65 and
lower 66 support plates constitute a compression system for preventing deformations

30 of the wood when drying. In an alternative embodiment there are additional vertical
support plates able to provide a mechanical pressure with an essentially horizontal
normal.

Two groups of electrodes have been inserted into the batch of stacked wood. The
35 groups of electrodes are connected to a HF-generator 68 by cables 69 and 70 so that,
when operating the generator 68, the first group 71 has a polarity being opposite to



17 frequency radio heating and the vacuumtreatnent - corresponding to step
[ 2] above - a conveyor belt, a cart systemor a sim/lar arrangenent 8 noves
the product to next step in the process. 5 The third part of the process is
a m cr ovayg, %/&40&6 whi ch has a construction suitable {,%ﬁgzgt@,ﬂgggp ng of
t he product. exanple to this can be a configuration ere a set of -
magnetrons si mul taneously il lum nates t H@ product from several different
directions. A typical frequency of the mcrowave radiation is in the range

0.3 to 30 Gy &rthggééongr%&gf o l”bhegeggct%b@s a@srré@eﬁ 59 tha B 099'1% &g, t hat

no hazardous m crowave ra 10 can escape surroun Heat i ng
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the three stgpsyd, hid hﬁ@wr&n@ffatdr%nﬁméysﬁ eletrSUPBYsteddl WEPIHuiabIE g ent
el ectromagneti ¢ phenonena, w t hout angqﬁggg& cal contact bet We% the act ual

heating el erfSpAUSINg aleriimagnells; rpdiatighdn qYsIEY rangs o apprexipE 3:9 MHES The

cited freguebabpexiak@nesmmeizgi ven to clarify the description. is
understood that the proposed nultistep nmethod will work al so for
frequencies that deviate significantly fromthe stated values. It is also
under st ood t\Waén bheratimyl thet thiré dnaagementifor diyig Wddd acrdbrdird] tonthét panticular

| | d
product | ThenbafmdRibd flod 1888 1Rl LR et BADGHGE ERLATEI A bnS! € 2
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t he proposed process can applied are wood, "grain and bricks. 25 To give
an al ternatlfﬁ@amﬁ’é’ﬂhﬁﬁﬂ?ﬁ“ﬁﬁ?s ription of the proposed nethod, a
schematic illustration of the process is outlined in Fig. 5. A conveyor

belt, a cart_s stem rrangenent. .12 noves th rodu t to the
o Gh. 1 equent ShaanaerRive 3 PifeeSRRIRER i, 4 s o5tH B arhemi
frequency, vihestreti@Oofttieprbozssis outlinedtin Figast 30kW or nore preferably at

| east ', and the latter is typically in the range 3 to 30 MHz, or nost
preferably 13.56 MHz. The unit 13 has an el ectrode design and a

confi gur atl oFhesfirsttrat ie teomultisthparosess iah Bfedtion unit & Vi vanigblfoutavefre-ai d

products. eﬁhyﬁﬁr’ic{ B@ﬁe? ﬁt‘!&e@n&ﬂv@l?eﬁe 'o(]ﬁ:h%cﬁ:eﬁéﬁ%@i?é@ T% ruTnltghé eb@hfea Where

t he heatlng of t roducts takeS pl ace, pur pose wt he tank is
t wof ol d, nan#ffya g %ﬁ*ﬁ%%a@s ferifae FE&PQF%W?%Y%‘PP%HE& 9 ﬁo??!‘?ilséﬁo‘ﬂ'ﬁ’é"ghoum ng

for a | ow prigs pridecteMié fFroqUBRLY of tho\hrBROINHREE 6EIETY LBRANEA 822adge 48to
20 150 kHz. After the initial heating — corresponding to step [1] above — a conveyor beit, a
cart system or a similar arrangement 2 moves the product further in the process,

The second part of the process is a high-frequency radio unit 3 with a variable output

power and frequency, where the former is at least 30kW, or more preferably at least
25 1kW, and the latter is typically in the range 3 to 30 MHz, or most preferably 13.56

MHz. The unit 3 has an electrode design and a configuration suitable for inductive and

dielectric heating of the product. The electrodes are placed inside a sealable airtight

tank, where the heating of the product takes piace. The purpose with the tank is

twofold, namely to contain the radio emission and to provide the housing for a iow-
30  pressure environment,

A vacuum pump 7 lowers the pressure inside chamber 3 through a piping system 4.
The moisture and air, which is discharged from the product inside 3, will be removed
through the same piping system. To prevent the moisture from reaching the vacuum
35 pump 7, a dryer § separates the water from the air. The water is then led from the
dryer 5 to be coliected in a container 6, from where it can be recycled. After the high-



A vacuum punp 17 |l owers the pressure inside chanber 13 t hrough a pi ping
system 14. The noisture and air, which is discharged fromthe products

inside 13, will be renoved through the same piping system To prevent the
noi sture i ng the vacuum punp 17, a dryer 15 S,skhe wat er
fromthe fé‘lr(?mo%lﬁ%?ﬁater is then led 5 from 15 to be co cte ﬁ’lzr? a

container 16, fromwhere it can be recydled. After the high- frequency radi o
heati ng and the vacuumtreatnent a conveyor belt, a cart system or

simlar arr t C
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given to clarify the description. It is understood that the proposed drying
method will work also for frequencies that deviate significantly fromthe
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5 3 high-frequency radio unit 4" piping systemb5 dryer cont ai ner 7
vacuum punp 10 8 cart system 9 m crowave unit

To conclude the description, in each of the three steps the heating of the product is
supplied through different electromagnetic phenomena, without any physical contact
between the actual heating elements —~ such as coils and electrodes — and the product,

15 The cited frequencies above are given to clarify the description, it is understood that
the proposed multistep method will work also for frequencies that deviate significantly
from the stated values.

it is also understood that the inductive heating in step [1] and [2] must not necessarily
20 be applied through electrically conductive elements inside a product. The inductive
heating can instead be applied through an electrically conductive material, e.g. a metal
form, which is in contact with or in close proximily to the product. Examples of
products for which the proposed process can be applied are wood, grain and bricks.

25 To give an alternative another principal description of the proposed methed, a
schematic illustration of the process is outlined in Fig. 5.

A conveyor belt, a cart system or a similar arrangement 12 moves the product to the

high-frequency radio unit 13, which has a variable output power and frequency, where
30 the former is at least 30kW, or more preferably at least 1kW, and the latter is typically

in the range 3 fo 30 MHz, or most preferably 13.56 MHz. The unit 13 has an electrode

design and a configuration suitable for inductive and dielectric heating of the said

products. The electrodes are placed inside a sealable airtight tank, where the heating

of the products takes place. The purpose with the tank is twofold, namely to contain
35 the radio emission and to provide the housing for a low-pressure environment.



12 conveyor belt 13 high-frequency radio unit 14 piping system 15 15
16 container 17 vacuum punp 18 cart system 20 tank door 20 21 o-ring
openi ng for | oading 24 hydraulic conpressor 25 conpressor valve

i nfl ow vaw(§60%§%4%356i nflow tube 28 cylinder 29 piston hgaghpdfhsladtls 31

punp val ve outfl ow tube 18

A vacuum pump 17 lowers the pressure inside chamber 13 through a piping system
14. The moisture and air, which is discharged from the products inside 13, wili be
removed through the same piping system. To prevent the moisture from reaching the
vacuum pump 17, a dryer 15 separates the water from the air. The water is then ied

5 from 15 to be collected in a container 16, from where it can be recycled. After the high-
frequency radio heating and the vacuum treatment a conveyor belt, a cart system or a
similar arrangement 18 moves the products further.

To conciude the description, the product is heated by an electromagnetic phenome-
10 non, without any physical contact between the actual heating elements — such as coils
and elecirodes — and the product. The cited frequencies above are given to clarify the
description. It is understood that the proposed drying method will work also for fre-
quencies that deviate significantly from the stated values. |

15 Examples of products for which the proposed method can be applied are wood, grain
and bricks, 1t is undersiood that the inductive heating must not necessarily be applied
through electrically conductive components inside a product, such as the steel bars in-

~ side reinforced concrete. The inductive heating can instead be applied through an
electrically conductive material, e.g. a metal form, which is in contact with or in close

20 proximity to the product.

dryer
22

26
vacuum



33 vacuum'purrp 34 wood boards 35 upper support pl ate 36 | ower support plate
35 37 roller conveyer 38 HF-generator WO 2009/ 040656PCT/ 1B2008/ 002542 20 '
39 first polarity cables 40 second polarity cables 41 first polarity

sandwi ch 42 second polarity sandwi ch el ectr Ser30srdasifank door
51 o-ri ng%%%%gﬁﬁsﬁg for | oading 58 cl aqrg 59 clanmp 10 ggﬁt'azn?( i

ITEM LIST

1 induction unit
2 conveyor belt
5 3 high-frequency radio unit
4 piping system
5 dryer
6 container
7 vacuum pump
10 8 cart system
9 microwave unit
12 conveyor belt
13 high-frequency radio unit
14 piping system
15 15 dryer
16 container
17 vacuum pump
18 cart system
20 tank door
20 21 o-ring
22 opening for loading
24 hydraulic compressor
25 compressor valve
26 inflow valve
25 27 inflow tube
28 cylinder
29 piston head
30 tank
31 vacuum pump vaive
30 32 outflow tube
33 vacuum pump
34 wood boards
35 upper support plate
36 lower support plate
35 37 roller conveyer
38 HF-generator



61 vacuum punp val ve 62 outflow tube 63 vacuum punp 64 wood boards 15 65
upper support plate 66 | ower support plate 67 roller conveyer 6
HF-generator 69 first polarity cables 20 70 second polarity cables 71 first

polarity

door 81 a- r|ng
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15
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25
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35
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40 second polarity cables

41 first polarity sandwich electrodes
42 second polarity sandwich electrodes
50 tank door
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58 clamp

59 clamp

60 tank
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63 vacuum pump
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88 clamp

89 clamp
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98 HF-generator
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91 vacuum punp val ve 30 92 outfl ow tube 93 vacuum punp 94 wood boards 95
upper support plate 96 | ower support plate 35 97 roller conveyer 98
HF-generator 99 first polarity cables 100 second polarity cables 101 first
pol arity sandw ch el ectrodes 102 second polarity sandw ch el ectrodes

5103 co 4 ressor valve 105 preservation liquid reservoir 106
reser VOWQ&E&%I%&C#&’%OW tube 22 CLAIMS: 1. A nethod for liquid

t r eat ment100fsenputipaanitpcaseng t he steps of:
101 first polarity sandwich electrodes
102 second polarity sandwich electrodes
5 103 compressor
104 compressor valve
105 preservation liquid reservoir
106 reservoir valve |
108 inflow tube



(a) placing said wood in an airtight tank, and then 5(b) evacuating said

airtight tank to establish a vacuum environnment for said wood, and then

(c) subjecting said wood to a subsequent heating by el ectromagnetic

radi ati on through one or nore el ectrodes while the vacuum environnent is

mai ntained within the airtight tank, 2nd then 10(d) applying a preservation

| iquid and/or dye to said wood by supplying the liquid froma reservoir

i ntercon C!;El with the airtight tank and the reservoir while the vacuum

envi ron ~mai ntained within the airtight tank, and then (e)

pressurizing said airtight tank to establish a pressurized environnent for
e clfai m 1, wherein said

id d 15, 2. .Th t hpd i t - of, t
\Slglcuuvn\?gn\/i rorﬁTth&jPﬁrEeWé‘éé) ° '%‘g8¢°qéj"2? dﬁ?’%@@%@@”ﬁ?ﬂ%ﬁ’s?o appl yi ng said
L\jqqui d atnﬂ a s(upﬁleq?@lséigjgﬁ@dgrﬁ eﬁsmm?]tsarhsaw&aﬂh to applyi _ng said liquid,
erein the ratjo of said subseque as,_pressure over .said prior.gas
bressre is i APl Rt of BaIROkITarBb e Vo uBh Padaee P2aPS The

met hod acesddengtied claim 1l or 2, wherein said pressurized environnent has

a ga re re jn.the range of, approxi mately .1 t [ i mat el 12 bar.
353 The. ret hodehauiging S90S Bl 4f BRL BT Theatg B bier o RBRh S uAORton 12 P
conpl et eltgrough®nged rmdére sddrobieguhile the vazuufhenvirebheadt isecanined withircl ai m 1,

wherein the reservoir i ressurized for establishing and/or increasing the
fl ow of ItFﬁair@%ﬁ%ﬁl @%‘%%eﬁeservoi r to said airtight 30tank. 6. The nethod

accordi ng to gayapplyihhes pledemvatich kiquic antbedgs o SaiddvaCbisugsiyhg amrent  has
2 gas pr e Sl 0 e LA e BB LA RS ot LR e FRABRIRIL TR o Y O- 1
vacuum environment is maintained within the airtight fank, and then
(e) pressurizing said airtight tank to establish a pressurized environment for
said wood.
15
2. The method according to any of the claim 1, wherein said vacuum
environment defines a prior gas pressure prior to applying said liquid and a
subsequent gas pressure subsequent to applying said liquid, wherein the ratio of said
subsequent gas pressure over said prior gas pressure is in the range of

20  approximately 1 to approximately 2.

3. The method according to claim 1 or 2, wherein said pressurized environment

has a gas pressure in the range of approximately 1 bar to approximately 12 bar.

25 4. The method according fo claim 1, 2 or 3, wherein said wood is completely

immersed in said lquid.

5. The method according to claim 1, wherein the reservoir is pressurized for
establishing and/or increasing the flow of liquid from said reservoir to said airtight
30 tank.

6. The method according to any of the claims 1 to 5, wherein said vacuum
environment has a gas pressure in the range of approximately 0.04 bar to
approximately 0.1 bar.
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7. The nethod according to any of the clains 1 to 6, wherein said

el ectromagnetic radiation has a frequency in the range of approximtely 10
to approxinmately 30 MHz. 8. The nethod according to any of the clains 1 to
7 wherein said el ectromagnetic radiation has a frequency of approximtely
13.56 MHz or approximately 27.12 VMHz.23

7. The method according to any of the claims 1 to 6, wherein said
electromagnetic radiation has a frequency in the range of approximately 10 to

approximately 30 MHz.

5 8. The method according to any of the claims 1 to 7 wherein said
electromagnetic radiation has a frequency of approximately 13.56 MHz or

approximately 27.12 MHz.



