Office de la Propriete Canadian CA 2482571 A1 2006/03/27

Intellectuelle Intellectual Property
du Canada Office (21) 2 482 571
v organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(22) Date de depot/Filing Date: 2004/09/27 (51) ClLInt./Int.Cl. B27K 5/00 (2006.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2006/03/27 (71) Demandeur/Applicant:

9103-7366 QUEBEC INC., CA

(72) Inventeur/Inventor:
BRUNET, ANDRE, CA

(74) Agent: ROBIC

(54) Titre : APPAREIL POUR LE TRAITEMENT DE MATERIAUX LIGNOCELLULOSIQUES, ET METHODE DE
TRAITEMENT CONNEXE

(54) Title: APPARATUS FOR TREATING LIGNOCELLULOSIC MATERIAL, AND METHOD OF TREATING
ASSOCIATED THERETO

SoaoRRE f /[
TR - e St
R S N « w_® .-y
I ALY ""
[N

I*I ) . Pen, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 & 7%% 110

- SRR RO S 2 A\-‘
OPIC - CIPO 191 s




CA 024825'71 2004-09-27

1
APPARATUS FOR TREATING LIGNOCELLULOSIC MATERIAL, AND METHOD
OF TREATING ASSOCIATED THERETO

Field of the inven-tion:

The present invention rela?testo. a apparatus for treating lignocellulosic
material, such as wood and the _'Iiké, and also relates to a method of treating
- associated thereto. More partic01a=tly, the present ihvention relates to a apparatus
for improving the quality of wood to be treated by roastmg the wood with a mult|-
10  step process, mcludlng treatment at a high temperature gradlent

Background of the invention:

There exist several technologies for the curing, roasting and/or stabilizing of
15 wood, and some of these inventions even date back several years.

Indeed, known in the art are the following US patents and patent
applications: 4,233,752; 4,345,384; 4,787,917; 5,123,177; 5,555,642; 5,678,324;
5.901.463: 5,926,068: 5,092,043; and 6,374,513,

20

Also known in the art are the following CA patents and patent appllcatlons
356, 430 684,915; 1,091, 871 1 109 251; 1,133,205; and 1,159,643

However, many problems still continue to.persist;despite recent a'dvances in
25 the technology, deterring wood man'ufacturers_ from using such inventions for the

fabrication of floors, furniture, decks, etc.

Such problems include staining, where the resin/acid drawn out of the wood

during the roasting process remains on the surface of the wood until cool down,

30 causing stains on the wood. In other instances, uniformity has been identified as a
substantial problem, where the w_ood bec:emes darker on the ends and lighter ih



10

15

20

29

30

CA 02482571 2004-09-27

2 .

the mlddle of the planks leavmg wood manufacturers to stockpile a variety of
unwanted colors. Beyond the problem of umformlty of color, there seems to be a
problem with roasting devrces bemg unable to offer customers a customization
option for roastlng color. In other mstances roastmg of wood is found to be very
time consuming and thus, very costly. In otherlnstances, fire hazard_s appear to be
at the heart of the matter, forCi-ng operators to int_roduce inert gases or operate
entirely with a negative pressure. Finally, key to the problems faced by current
wood roasting devices and/or methods the lack of automation in the roasting
process, forcing operators to make decrsmns regardmg the outcome within the

roasting apparatus, further affectm-g the lack of umformlty, of the wood.

‘Hence, in light of the above-discussed,.there IS a need for an improved
apparatus and/or method which would be able to overcome some of the

aforementioned prior art problems. -

Summary of the invention:

The object of the present invention is to provide an apparatus for treating
lignocellulosic material which, by virtue of its design and components, satisfies
some of the above-mentioned needs, and which is thus an improvement over
other related apparatuses known.ih the prior art. '

In accordance with the preSen-t invention, -the above object is achieved, as
will be easily understood, with an apparatus such as the one briefly descnbed
herein and such as the one exempllﬁed in the accompanymg drawings.

According to another aspect of the i_ntrenf—tion, there is also provided a
treatment plant provided with the above-mentioned apparatus.

According to yet another aspect of the‘invention there is also provided a
method of operatlng the above-mentloned apparatus and a correspondlng
operatlng software.
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According to yet another aSpect of the invention, there is also provided a

method of treating Iignocellulosic'm-aterial.' , '

According to yet another aspeCt of the invention, there is also provided a
material having been treated with the above-mentioned apparatus and/or

- methods.

The objects, advantages and other features of the' present invention will
become more apparent upon readrng of the fotlowrng non restrictive descnptron of

preferred embodrments thereof glven for the purpose of exemplrﬂcatron only with
reference to the accompanying drawmgs.

Figure 1 is a front vi‘ew of an apparatus according to a preferred
embodrment of the present mventron the apparatus bemg shown provided with a
door where matenal to be treated rs entered

Figure 2 is a top view of what is shown in -Figure 1.

Figure 3 is a side view of a water basin of the apparatus according to a

preferred embodiment of the present 'inventi'on.

Figure 4 is a side view of apombusti-on Charnber of the apparatus according

to a preferred embodiment '.ofthepreSent invention.;

‘Figure 5 is a rear view of what rs shown in Flgure 1, the opposrte end from
the door being shown. -

Figure 6 is a graph illustrating' the preferred 4 phases of roasting wood with
an apparatus and/or method according to the present invention. '
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Figure 7 Is a preferred graph |Ilustrat|ng the area of coloration, obtarned

dunng "Phase 3" of the roasting process accordlng to the present invention.

~ Figure 8 is a preferred graph i‘l-lustrating' the area of 'coloration during the

roasting process according to the present inventipn, ‘where preferably, every 4

seconds, the software calculates the anticipated area by calculating the acquired
area. '

Figure 9 is a _preferred“graph illustrating the. positive and negative pressure
during the roasting process according to the present invention.

Detailed description of preferred embodiments of the invention:

In the following descriptipn,;the samenumerical references refer to similar
elements. The embodimentsshOWn in the ﬁg\ures;, and the physical dimensions

exemplified herein, are preferred. N

Moreover, although the present invention was pnmanly designed for use
with Irgnocellulosrc material, such wood for example |t may be used with other
types of objects and in other flelds as apparent to a person skilled in the art. For
this reason, expressrons such as " hgnocellulosm" “wood" etc. used herern should'
not be taken as to limit the scope of .‘the present rnven;tron and includes all other
kinds of items with which the.present invention 'cou.l'fd be used and may be useful.

- Moreover, in the context of the present invention, the expressions
"machine", "apparatus”, "device", iﬁand any other equivalent expression known in
the artwill.-be.used interchangeabsly'. Furthermore, ﬁthe same applies for any other
mutually equivalent expreSSions- :sucn as "lignocelluldsic material” and "wood",

"treating”, "processing", "torrefying”, "colonng and "roasting", as well as "method",

"process” and “operation” for example, as also apparent to a person skilled in the

art.
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In addition, although the preferred embodiment of the present invention as
llustrated in the accompanying drawings comprises various oomponents ‘and
although the preferred embodlment of the apparatus as shown consists of certain
geometrical configurationsas'explained a-nd' llustrated herein, not all of these
components and geometries are essentlal to the invention and thus should not be
taken In their restrictive sense L. e should not be taken as to limit the scope of the
present invention. It is to be understood as also apparent to a person skilled in the
art, that other suitable components and oooperatlons thereinbetween as well as
other suitable geometrical conflguratlons may be used for the apparatus and
corresponding parts according to the present lnventlon as brleﬂy explained and
inferred herein, without departlng from the scope of the lnventlon

Broadly described, the apparatus accordin;g to the present invention, as
shown in the accompanying drawings, is a process forStabilizing wood SUCh that it
remains stable over time. Also disclosed is amethod for coloring wood by heat
treatment of lignocellulosic matenal where the material is pre-heated at an
elevated temperature Preferably, thls mcludes olamplng down wood to be treated
In a chamber prlor toa 4-step roastmg process at a pre- determ:ned temperature in
an electnc chamber to extract the water and aCIdlty/resm by destroying part of the
hemicellulose of the wood. Preferably also the method compnses the calculation
of a theoretical "area of colorat:on of the wood. Unlformrty of color is preferably

achieved by providing wood wrth a transverse alr-flow as well as a positive
pressure upon heating and a negatlve pressure upon ooollng

The present invention also relates to a method of Improving thequality of
wood, by roasting wood with a high temperature treatment. Different degrees of

roasting provide a selection of colors. The present invention also relates to the

ventilation, evacuation and pressuresystems, inSuring a stain-free product, a short

duration of process, as well as a fire safe process.
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Accordlng to the preferred embodlment of the present  invention, the

process for roasting wood preferably lnoludes the followmg steps: a) evaluatlon of
wood; b) preparation of wood; c) preparatron of stabrlrzatlon software program,; d)

phase 1: heating (part 1); e) phase 2 heatrng (part 2); f) phase 3: stabrlrzatlon of

wood; and g) phase 4: cool down.
" Prior to roasting lignocellulose materials, a f'ew steps are required.

First, said material, in thrs case ”wood” lS preferably identified by type,
thlckness length and humldlty level. Humidity level s evaluated. For optrmal.
operation of apparatus, a maximum of 10% of :_huml.dlty in the wood ensures
uniformity of coloration. o '

- Then, said wood is prepared where load of wood is preferably stacked with
hollow tubing spacers. This ensures that wood in the mlddle of the pile can beneﬁt
from air circulation and heat equal to wood at the t0p of the stack, as can be easily
understood by a person skilled in the art. "

Referring now to Frgure 1, there rs shown a front view of the apparatus
aocordmg to a preferred embodlment of the mventlon it preferably comprises
rounded external walls 1, and a sealable door 2, where the load is entered. A
ceiling 3, internal walls 7 and a floor 8 ensure. the possible preferred volume of
about 8. 2 meters that can be roasted at once. Legs 6 and 6’ keep the apparatus
off the floor by about O. 35 meters Preferably, when loading the ‘apparatus with
said wood, thermocouples are entered into ends of the wood, dispersed
throughout the load to measure average temperature The software uses these
sensors to make further deolsrons about the desrred roasting. A pressure s

automatlcally applied throughout the load with preferably 50-75kg approximately

throughout the process. This cornpressrng-_lack\_4 minimizes warping and bending
in the process. When the load has been. properly entered in the apparatus, the
door is sealed. ' ' '
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Once the load is properly placed in the treatment chamber, the roastlng
program is set up. The variables for the said wood load are entered in the program
interface, for example: type of wood thnckness Iength humidity level and desired
color. Unlrke other srmllar tnventlons ‘this apparatus provides the choice of a

'specrftc level of wood roastmg from lrghter color to darker color.

- The program iS !aunched using the requlred data The program IS
automated based on the input data and contlnuous temperature monitoring by the
thermocouples in the wood and by measurmg the temperature of the ambient air

inside said treatment chamber.

Referring now to Figure 2, -thereisshown a top yiew of the a-pparatUs. The

- wood load is placed in treatment chamber 28. Surrounding the treatment chamber

is preferably a variety of components that enable proper roasting of the said wood.
Preferably, a heater 23 madeup':?of three (3) elements enables heating It should
be noted that three (3) elements offer over-capacrty, in the case of breakdown
thus ensurmg no Ioss in productrvrty A fan 22 is posmoned next to the heating
elements. This fan ensures atransverse airflow throughout the load. Deflectors 21
and 21’ are located at angle on both sides of the load. These deflectors are
preferably perforated with holes 'fthat are proportional to their distance from the

heater and fan, insuring equal airﬂow everywhere in the treatment chamber. A

louver 29, gas pipe 24 and water basrn 26 ensure the requnred air pressure, as can

be easily understood by a person skllled in the art These will be discussed in
further detall hereinbelow. Flnally, water sprlnklers 27 and 27’ enable to re-inject

water into the treatment chamber dunng cool -down to accelerate the process.

During the roasting process the resins in coniferous wood and acuds in
deciduous wood are drawn to the surface Because of transverse crrculatlon
through the apparatus (processmg/wood stack) area, these by-products are
channeled to the outside walls ot the chamber inStead of being left to deposit on
the wood. This transverse circulation through the apparatus is central to the
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process as it ensures that the resins and acids do not stain the wood, leaving an
even color throughout the product. B -

Referring now to Figm'e 3, thereis shown a 'side view of the water basin 26.
A gas pipe 36 joins the treatment chamber to the water basin. Although low near
the ground the gas pipes, it preferably opens near the top of the treatment
chamber. The reason the gas pspe opens near the tcp of the treatment chamber IS
to eliminate the chance that the water from the water basm will flow back into the
treatment chamber when coolrng cccurs and the apparatus moves into a state of
negative pressure. The water basin is filed with a certain volume of water 30
meant to maintain preferably a O-;._5kg (ap.p_rc'x.) ot pressure inside the 'treatrnent
chamber during heating and'rcasting.* ' \

During heating and roa'st'ihg gases evaporate from the wood. These gases
are being crrculated inside the treatment chamber by the fan. Some of the gases
end up clrngrng to the walls of the apparatus falllng to the floor. Others are
evacuated by the gas pipe when the pressure _.ms:de the treatment chamber
becomes greater than 0.5kg. - '

, Through the pipe, the g.ases are led to the water basin, where dust and
particles are left in the water itself. Residual gases continue onward to a vertical

- evacuation pipe 29.

Referring now t_c Fi;g:ure--4’, there is;sthnthe combu-stion chamber. Gases
enter the chamber from the‘evacuaticn pipe 28. Th'e gases are preferably burnt by
a suitable gas, such as propane (#32), reducing gas emissions before being
released out into the atmcsphere,by~suttable evacuating means, such as chimney
31, for example. -

Referrlng now to Figure 5, there IS shown the back view of the apparatus. A
Iouver 25 is located half way up from the floor. Spnnklers 27 and 27’ are located

on both sides. ‘When the said matenal is finished roastlng, cool down begms As
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the said wood contains practlcally no more morsture and the temperature IS

declining within the treatment chamber a negatlve pressure automatically forms

inside the treatment chamber. ThlS negatrve pressure is confirmed by the water

level in the water basin, whrch lowers, as the gas pipe 36 begins to fill towards the

treatment chamber Louver 25 whrch weighs approxrmately 0.25 to 0. 5kg,
rnstalled inside the treatment chamber As such, when the negatrve pressure

within the treatment chamber becomes greater than 0. 5kg, the louver opens for a

moment, allowing the treatment chamber to calrbrate back. This calibration to a
light negatlve pressure ensures that the apparatus does not collapse lnward or
that the water from the basin sprlls dust and particle filled water back into the
chamber, as can be easily understood by a person skilled in the art Further, it
keeps the wood apparatus from gettmg too much ‘oxygen, thus, causrng a risk of
ignition within the treatment chamber Water spnnklers 27 and 27’ accelerate the
cool down period of the wood.- In ‘addition, it provrdes the wood with some
humidity, ranging from aboutO.Sto about 3.0%.; This re-;-humidification is made
possible as the inside of each piece of wood is itself in negative pressure
compared to the amb'ient pressure inside the treatment chamber, a state Which _
naturally takes place as a result of the high temperature treatment of the wood

This |mmedrate re- humrdrﬂcatlon further stabrhzes the wood, which is clamped

“down into the chamber by compressron Jack 4

Referrrng NOW to Figure 6 there is shown a preferred graph of the four (4)
phases of roasting. The X-axrs splrt in four (4) phases measures time, whrle the
Y-axis measures the temperature in Celsius degrees Thrs graph shows the
treatment chamber temperature lrne 50 the wood temperature line 51, the crltrcal
temperature line 52 and the area of coloration 53 Dunng Phase 1, the wood IS
preferably heated from its orrgrnaltemperature to approxrmately 120C. Durrng this
phase, the software calc'ulates the necessary differential in temperature between
the chamber and the wood Thrs differential IS based on an algorithm taking
account of wood’s humidity, type and thlckness the requrred minimum difference
being approximately 75C. This dlﬁerentlal prevents crackrng of the wood. Phase 2

begins when the wood has reached the lntermedrate temperature of approxrmately
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1200 At this point, the program calculates a reductlon in dlfterentral between
wood temperature and treatment chamber as the wood is now safe from crackrng
Phase 2 has the purpose of further reducing the humldlty within the wood, bringing
wood moisture down to abOut '0-—-2%. This takes place WIthin the preferred range of
about 120 and 180C. Roasting occurs in Phase 3;andcooting in Phase 4. These
are further explained in reference to the next figures. '

Referring now to Figure 7, there is shown a close up view of Figure 6,
showzng the intersection of the wood temperature ine 51 with the critical
temperature ine 52, together formlng the area of cotoratlon 53. As such, the third

phase begins when the wood has reached- the requrred critical temperature.

During this stage the wood begins to roast, hemicelluIOSe being broken down and

polymerized. Once the wood temperature line 51 crosses over the critical
temperature line 52 the program begrns calculatmg the "area of coloration” 53'
every 4 seconds, preferably '

Referring now {o Figu‘re 8, there is shown another view of Figure 7, adfding

~ the element of time. Again, looking at the area of coloration, this time it is split up

between the time line 56 dividi‘ng the "'acq'uired area" 54 and the "anticipated
area" 55. As such we find that the “area of coloratlon" 53 is the sum of the ' area

“already acquired” + the "antrc:pated area". The program calculates what total “area

of coloration" will give the desired color based on the algorlthm taking into account
wood type, wood thrckness temperature of the wood temperature line 51 and
treatment chamber temperature line 50. The software makes a dlfferent calculation
when the temperature of the treatment chamber mtersects with the wood
temperature line. This mtersectlon 57 provides a cerlrng to the temperature of the
wood and allows further calculation of the "area of coloration" ensuring that the
wood does not exceed approximately 225C while meetlng the desired color.

"The critical temperature varies based on the type of wood. In addition, it
should be noted that the area called ‘area of coloratlon" varies based on the

aforementioned variables, notably desrred color type of wood and thlckness As
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such, the software running the sard apparatus creates a heatmg profile for the
wood such that the "area of coloratron provrdes the desired wood color of ﬁnal

product. The greater the "area of colcratlon” the darker the coloration.

When the wood croSsesthecritical temperature 'line 52, cool down ot'ficially
begins. The heating elements are stopped Air rs allowed to circulate without
added heat. External radlators are engaged to speed up the cooling process of the
wood. To speed up the coolrng process water S sprayed inside the chamber. As
the wood lowers substantlally in temperature water vapors begin to be absorbed

by the wood. By the trme Phase 4 of coolrng lS fi mshed wood has typically

reabsorbed about 1 -5% of morsture

It should be noted that at thrs stage of the process itis possrble to mject
stain, paint, perfume, plastrc protectrve quurd to coat the wood/or be absorbed by
the wood during the cool down phase |

Referring now to Figure 9, there is shown a graph showing the X-axis,
representing time. The Y-axis repfresentsthe temperature in CelsiUsWhile the Z-
axis represents the pressure sc—ale,,divided by a dotted line 58, for zero being
equal to the ambient_,atmosphere_;;This graph shows the relationship between the
roasting process and the positive and ~negative pressure within the treatment
chamber. More specrflcally, the wood temperature lme 51 against the pressure line
59. As the temperature rnsrde the treatment chamber rises, so does the pressure
line. The said pressure line stabllrzes at approxrmately 0. 5kg, due to the water
basin system that IS lrnke_d to the treatmentchamberby a gas pipe. During cool
down, the pressure line crossesthe zjer.omark, descending into negative pressure
and stabilizing at negative O. 5'kg, due to the louver on the back wall ofﬁ the
treatment chamber. Such a pressure system enables the apparatus to provide
wood that is free from stams mtormally roasted and safe from re-igniting.

Hence, it may now be betterappreciated 'that‘ according fo the present
invention, there is provided a \method of roasting material such as wood by heating
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at high temperatures which preferably COmpriSes the fOI'IOWEng -stepS' a) creating a
roasting prot" le for the wood usrng an algorrthm that calculates temperature curves
required to obtain the final color desnred these calculat:ons belng preferably based |
on wood type, thickness, Iength and average humldrty level; b) subjecting the
material such as wood to be roasted in an electric apparatus at very high
temperature, based on the roastlng profrle sub;ectlng the wood to reach the "area
of coloration”; c) mterruptmg the roastung treatment as soon as the program's

calculated "anticipated area” grves the customer the desrred color; and d) cooling

and re- humldlfymg of wood.

Preferably, the atmospheric pressure during heating and roasting is
maintained at about a pos_.iti_ve' 03.5kg_, 'thus enabling the pressure to evacuate
through a water basin. |

Preferably aiso, the atmosphenc pressure during the cooling phase S
controlled and maintained at approxrmately 0.25 to O 5 kg of negatwe pressure.

Preferably  also, the'.extr;acts drawn from i:the wood during the heating
phases is removed from the surface of the wood by transverse airflow.

Preferably also, water is injected into the treatment chamber to aid in
cooling and re-humidifying the weed.

Preferably also, the water basm is linked to the said treatment chamber by a
gas plpe located at the upper part of the treatment chamber '

Preferably also, a specific volume of water m the water basin regulates the
0.5kg of positive pressure. |

Preferably also, the water basin acts as a.d.ust and particle collector during
the period where the apparatus operates with a positive pressure.
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Preferably also, gases that exit through the water basin is combusted,
before being released into the atmosphere '

Preferably also durmg the coolrng phase, a negatlve pressure IS mamtalned
at approximately O. 25-0 5kg by an lnward louver

Preferably also, lnward louver IS approxrmately 2 10cm in dlameter and
about 0.25-1.0kg in welght |

Preferably also, transverse airflow crrculates through the wood, enablmg
angled deflectors and scaled perforatlons to achleve a balanced airflow circulation
throughout the pile of wood. ' '

Preferably also, the \balanced airflow due to perforated deflectors enable
extracts drawn from the wood to collect on the Walls and floor of the apparatus,

rather than on the wood.
Preferably also, the wood isro-asted without.ﬁ any resin or acid stains.

Preferably also, the, _ area of coloration |s determined by the operating
software based on desired color. - - o

Preferably also, the software automates the process based on the vanables
inputted and by measunng the temperature of the wood and air wrthln the
treatment chamber. '

Preferably also, the software calculates the temperature curve necessary to

roast at the desired color, usmg the shortest and most time efﬂcuent path, wuthout
rrsklng cracking or burnlng sand matenal

Preferably also, the material is selected from the group consisting of aspen
wood ("tremble" in French); 'm-aple wood ("é,rab.le"i in French); birch wood
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("bouleau" in French); and cherry wood ("mensrer" in l-rench) Preferably also, the

material is any other soft or hard wood

The process for st’a-b;i‘liizi,ing ‘wood according to the present invention is
particularly advantageous in that it enables the .wcod freated to remain stable over
time. R “ '

As aforementioned, the process preferably includes the followmg steps a)
evaluation of wood; b) preparatton of wood c) preparatlon of stabrlrzatlcn software
program; d) phase 1. heating: (part 1) e) phase 2 heatmg (part 2); f) phase 3:
stabilization of wood; g) phase 4 ool down and h) phase 5 cool down and re-
humidification. |

According to the preferred" entbcdiment 3of the present invention in regards
to the evaluation of wood: the wcod is ldentrf ed by type thickness, length and
humidity level. Humxdrty level is evaluated as follows wocd chip samples are
weighed. Then, the chips are mrcrcwave treated in 2-minute increments and
weighed again after each mrcrowave session untrl the wcod Chlp provides 3 equal
readings in a row. This rndrcates that there IS no more moisture in the wood. From
that, the moisture level rscalcula-_ted using the ongrnal .werght of the chips of wood
and the weights after microwave treatments. Woodsh0uld contain no more than
10% humidity, using the ‘present m:achine‘\,. to;enSure gocd quality wood that
remains stable over time. o * N

According to the preferred embodlment of the present invention in regards
to the preparatrcn of wood:. load of wood S prepared for the machine with hollow
spacers of approximately 2" Square cross sectlon The lcad in put in machine.
Three (3) thermoco_uples are--.entered 5" d-eep lnto-ends of the wood, one near the
top of the load, one near the rnldd'le and one ne‘ar the bcttcm With the help of a
compressing jack, a preferred 11000-Ibs load is applled to the top of the wood pile.

This load is measured by a gage Thrs compressmg jack minimizes warping and
bendmg in the process. The doc_r is sealed.
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Accordmg to the preferred embodrment of the present mventron in regards
to the preparation of the roastrng program the varrables for the wood load are
entered In the program interface: type of wood, thrckness length humidity level

‘and desired color (desrred cotor level, is dlrectly pr0porttonal to dimensional

stability of the end product) These factors are entered in the program interface

before the machlne is set into motron Unhke other wood roastmg apparatus this

one enables customers to specﬁ’y a requrrement for a specific level of wood
stability, from hghter color to darker color. The program is launched, usrng the
required data The program is automated based on the mput data and continuous
temperature monitoring by the three thermocouples in the wood and one that
measures ambient air temperature inside the machlne

According to the preferred embodlment of the present rnventron in regards
to Phase 1: heating (part 1): dunng heatrng up, temperature slowly raised in the '
machine - maintaining an approxrmate 75C degree difference _between the
treatment chamber temperatu-re and t,he. wood tempe'rature.’ This process begins
the dehumid'rfication of the wood in a way that .ensu.res it will not be ruined by

cracking.

Accordmg to the preferred embodiment of the present invention in regards
to Phase 2: heatrng (part 2) when the wood has reached the approxrmate
intermediate temperature of ..about 180C, the p.rogram reduces the gap between
the chamber and the woofdtemperature, .bringing the wood to the critical

temperature.

According to the preferred embodrment of the present invention in regards
to the Phase 3 (roastmg) the thrrd phase begrns when the wood has reached the
required critical temperature. _;Durrng. this stage, the _wood begins to roast,
hemicellulose being broken ':downand polymeriZed“ Once the wood temperature
curve crosses over the temperature line the program beglns oalculatmg the "area
of coloration” every 4 seconds The "area of coloratron" Is the sum of the "area of
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coloration” already acquzred + the "antnc:pated area" The ‘program calculates what

total "area of coloration" will gwe the desured color and then, with the "area already
acquired’, calculates when to start cool down so that total "area of coloration” does
not exceed the desired value to achleve customer specified color. The critical
temperature varies based on the type of wood. In addltlon it should be noted that
the area called "surface of coloratlon" Vanes based on the aforementloned |
variables, notably: desired color, _l-ength- and thlckness. The software runnmg the
machine creates a heating profile for the wood suchthat the surface of coloration
will provide the desired wood-color of final product. The greater the "area of
coloration”, the darker the coloratlon lrreleVant of thethickness of the wood
Takmg into consnderatlon the total "area of coloratlon" desured and the "area
already acquired” at any gnven second/tlme ‘the program starts the cool down in
such a way that the "anhcupated area" + the "acqunred area" gives the desired
surface of coloration. . ‘

According to the preferred-embodiment of ;%-the present invention in regards
to Phase 4 (cooling and re-;hum'idificatEOn)' the h’eating' elements are stopped. Air
is allowed to circulate wuthout added heat. External radlators are engaged {o

speed up the coollng process of the wood.

When the wood temperature has initially gone be;low the initial critlcal
temperature, re 'humidifioation be‘gins Water is sprayed inside the chamber until
the wood has reached approxumate moisture content of about 0.5 to about 3.0%. '
This step aids in the coollng process (makmg coolmg more eff:cnent) and allows
the wood to re-absorb moisture 5whllelt remains clamped in the compression jack.
This step improves stability}of:_ th_e;WOOd because it reaches near hygroscopic
equilibrium while being maintained n a 'dlmens-ionally stable clamp. As
aforementioned, it should be neted that at this stage of the process it is possible
to inject stain, paint, perfume plastic, protectlve liquid to coat the wood/or be
absorbed by the wood dunng the cool down phase. When wood is taken out of the
apparatus without re-lnjactmg mo:sture the wood reaches hygroscomc equlllbnum
with its ambient enwronment absorblng moisture from the air and potentlally
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warping or bending. Therefore, the present process maxrmrzes the stablhty of the
end product by allowrng the wood to reabsorb water in a controlled environment.

External radiators contlnue worklng untll the wood has cooled sufficiently to be
taken out of the machlne without any danger of re- lgmtlng

During all phases of the process accordrng to the present invention, the
followmg preferred consuderatlons should be taken into account as can be easily
understood by a person skrlled ln the art. '

In regards to atmosphe-ric presstJre & water valve: atmospheric pressure In
the chamber is maintained at about ‘llb The evacuatron set up enables gases o
escape the chamber through water while provrdmg the apparatus with internal
pressure control. The escaped gases are taken to a separate chamber where they
are combusted.

In regards to calculated wood temperature (i. e. with thermocouples) the
program is preferably calrbrated to calculate the temperature in the center of the
wood prle based on wood dlmensmn usrng the ‘temperature reading of a glven
distance (preferably, 5 rnches) from the end of the three different pieces of wood,
one from the top of the prle one from the mrddle and one from the bottom. The

program takes an average_;value.of the th.ree.- thermocouples, then applies a

dimensional adjustm__en’ttactor-to'app.rox'imate the temperature at the center of the

pile.

‘In regards to air and exhaust flow: there is one deflector on each side of the
chamber, norrnalizing flow across the stalk of wood, from the wood nearest the
fans to furthest away. Exhaust gases and by-products (e. g resms acids, etc ) flow
out to the sides of the chamber directed by the ventrlatlon Gases then escape
through the water valve These deﬂectors are set at an angle such that the wood
furthest away from the heat source and fan have 2 greater amount of space for the
air to circulate In. The deﬂectors are perforated with holes that increase in size

further away from the fans. ThlS allows for a balanced atrﬂow in the transverse
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direction, through the spaces between rows of wood all along the length of the
machine. This even balanced arrflow further contnbutes to the assurance of a

uniform product, clear of dep03|t resrdue

In regards to resin and acid deposits during the roast‘ing process, the resins
in coniferous wood and acids tn decrduous wood are drawn to the surface.
Because of transverse crrculatron through the chamber (processmg/wood stack)
area, these by-products are channeled to the outside wa!ls of the chamber instead
of being left to deposit on thewood This transverse circulation through the
chamber is central to the process as it ensures that the resins and acids do not
stain the wood, leaving an even co;lor throughout- the product; '

Hence as may now be better apprecrated from the above descnptlon the
present invention is a substantlal lmprovement over the pnor art in that, by vrrtue
of rts design and components the apparatus represents important advantages
over other related apparatuses known in the prior art in terms of performance, in
terms of safety and in terms of costs |

‘The present lnventlon IS also an |mprovement and presents several
advantages over other apparatuses known in the prror art in that as may now be
appreciated from the present descnptron and accompanyrng drawrngs, the present
invention enables namely to: a) avoid foroperators to m\ake decisions regarding
the outcome within the ro.asting apparatus ancl thus adversely affecting the
uniformity of the wood to be treated because according to the present invention,
there is provided a software use to automate the 'operations in the manner
described hereinabove; b) the software used accordlng to the present invention
enables the machrne to use the shortest possrble route for roastlng without danger
of cracking; c) have angled and perforated deflectors combined with the fan thus
creating a transverse airflow whrch enables to roast the wood wrth a unlform color
from end to end and d) avoid ftre hazards
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Of course, numerous. mo’diﬁbations could be made to the above-described
embodiments without departih-gf;: frdm'the 'soope .Of_the invention, a‘s apparent to a

person skilled in the art.
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