HI GH TEMPERATURE LUVBER TREATMENT SYSTEM The invention relates to the
treatnent of lunber. More particularly, this invention is related to the

hi gh-t enpepabiiQedreat nent of | ow or nedi um density har gegagy2098Heasd PTI ON
OF THE PRI OR ART Cenerally, wood needs to be treated prior to use, to
increase its durability, particularly whep.used in the production of wood
products such as furniture, flooring and cooking utensils. Wod may be
treated either with chem cals and/or by heat (drying). 10The European Uni on
(EU) has recently cal | eflchofEMPERATURIOCOMBERE TREATMENTEYSTEM Particul arly
borates, to be assigned to the "Repro-toxic Category” under the Dangerous
Substance Directive 67/548. Boric acid is the primary preservative used in

the processifige flvehtitiPRINCOTH tnterlré\ﬁhaa{tsafaumbaﬂobmbv&em.baaﬂmh.gm@huon is

renewabl e plantation tinber used in the manufacturing of High-end joinery
and furni t ur@lated ta the highstempeaaturerteaakraent aiiave ot madiugDdensity haewagdden
furniture exported from Mal aysia is made of rubberwood. Hence, the EU s
proposed categorization of wood treatnent chem cals ée g. borates), when

i npl enent¥ed, will restrict tBPESCHBTIONOREHEPRIQR ARBber wood furniture. As
an alternative to chemcal treatnent, heat treatnent can also be used to
make 20 tinber nore durable by drying it. The main reason for drying wood
is to ensureCengally. hwoagdieads ies bei ealeHoREPN Jo Ysghite K6regse sit fa!fé"rtbre

utilizing itpddicilaif WHéd U§e§'d R'the PrétRIHST bERGdIBRYGLBGISUER RS fiflre@fooring
furniture productl on. The d p\llqu process i s seen as essential and of Qreat
[

i nportance f¥Md eerking-Hiehalca May Pei trated eitbeiawith chenisals rnd/gnby heat
wood- based r‘r@w,f,gﬁ)cturl ng and craft applications. 25 Lunber nmay generally be
categori zed as hardwood (from non-nonocotyl edon angi ospermtrees) or
softwood (fromconifer trees) type. Hardwoods have a nore conplex structure

than sof {p\00fise EWdpBat fuﬁudmemuwagtrééwysclauéwf&r%eha;hewéw ehtBRt dHepsignse of
pores, or vessels within the wood body. Hen heat treatment or drying of

har dwood | unRRIHCYHIMe bOTatas.c &0 RS @Sﬁ'SB%Fi éPe”l?o nREBMo-tgxict GASEPRI uvndesntne

humdity 2 @Ql?'ér&ﬁé’smhté’rﬁcesmrédw&@7}543bgori'c id @t Bﬁmbgﬂ presétative used
significantl fferent deS|%ns bberwood is classified under the |ight

har dwood cat 'BQ}B? \Procegsing ok ru o¢hatn Yisdaysie. ruRhsavors ithg malen wnepable

Mal aysi a uti piagtatich ﬁ@aBéﬁﬂééoOlﬂahe |n€éﬁu5actttﬂﬁ‘§96faﬁgﬂ -end jiEly BRAT@HiteHe bNthe
system These prior dry | ns are encl| osed chanbers in which the condjtion

of the dryi ngPREIPAMHEL | N'%'t%afbé%é ofithe waggep durcytier ¥Podgdfiom Malays is

t enper at ur e, mhg&iof taubefmboal Hefitd, G EU D Prdpdsed ealegbitation lof Wdba tebatriént
dryi ng process, as re red. However, there are several disti ncE gian
for

di sadvant age%het.’)'?'cﬁﬁéﬁ i (9\9?7 Jiesipahgp dF‘@'efﬁPrE%v‘@'Ht’PBWEﬁ ther YRAEt Ak

exanpl e, si gibbéraat lfyrnltgieg process tine, e.g. drying of rubberwood with
conventional drying nmethods requires a total period of 10 to 12 days, and

inefficient use of energy, e.g. conventional drying nmethods require 2 to 4
times the mAé GHMEICARIIGY t6 SREMRAI MedtthePl, Hedt HeBtivgit an Ay b&x8eP ke mdke

atent ng. 1, 142 525 di scl oses .a od of dryi ardwood, in a kiln
ipncl udi % st% erdpore urable %y drying H.Etﬁ]ue main rea%nnfgr erlrng wood is to ensure that

the wood is as dimensionally stable as possible before utilizing it in a structure or in
downstream manufacturing such as furniture production. The drying process is seen
as essential and of great importance for the economical utilization of wood in

construction, wood-based manufacturing and craft applications.

25 Lumber may generally be categorized as hardwood (from non-monocotyledon
angiosperm trees) or softwood (from conifer trees) type. Hardwoods have a more
complex structure than softwoods, with the main distinguishing feature being the
presence of pores, or vessels within the wood body. Hence, heat treatment or drying

of hardwood lumber necessitates more accurate control of temperature and humidity



15steam ng and water spraying at tenperatures of between 21C to 66C (70F to
150F). This prior drying nethod takes 14 days to conplete. CGenerally, kiln
dryi ng tiwe oam4br7accel erated in one of two ways, eithecTthyyzmnyoongsat
significantly higher tenperatures or under partial vacuum conditions. The
Rosen net hod disclosed in US patent no. 4,343,095 is directed at drying of
20 wood at super-at nospheric pressures of between 103.4 kPa and 344.7 kPa
(15 and 50 psi) and tenperatures of between 100C and 177C (212F and 350F).

A special i ze r n d ng

A special) Zefahvdd g &C@Afw}sobr Ilugr:beps‘él ‘F,@""é‘ hler signikand Sagrgfégrtlfde@% e
t he high congbberwobd@ddawf@Gluf@?h@‘ea{ﬁbt 'FQ{F’YYP@@ ﬁ?tﬁgo@uch a kiln. It has

al so been nentioned by 25 Kol |l mann and Cote (1984) (Kollnmann, F.F.P & Cote,
Jr, WA, 1984: Principles of Wod Sci ence and Technol ogy-Volunme |: Solid
wod. Berl i nTO Sptei, mpse thas 955 of tureher siing m"@nnﬂ\éﬁweuﬁwe aeuventiprgblost al | y

results iy d ?%}4% ALl SHGMh- ASated U&I?mbo s@émre%eseI&e?eawnnam@faﬂéneﬁéosed

relatively s noi sture gra ear deterioration of the
structure. c@mlomﬁem ovhi¢h Hegronditigie phther édeﬂ%/m?&'%t IRAbiS easel ?'Qh'ﬂ"aheﬁedv\ood

such as rubb 5%9% ﬁlﬂ@@ﬂ% ogtfgp?&rétwheﬁakd.tvaarnewéu@ﬁ& f AQBRMtE Y retard

However , rub erwood e tendency to warp during treatnent, which
can be kept Unedsying oracess. asrregiired) Sby appl yi ng pressure during dryl ng. US
patent no. 2,268,477 discloses a prior nethod of drying hardwood under
restrai nt agai nst shrinkage across the wdth of the board or sheet.

However, t herWSYG:ralth@repraB@ ogeyer Qind'stzlfﬁfiﬁl digageariagesofof ¢ sich uyvpt&mwature

resul t ed g n gé,ﬁ)gnL E@ﬁ?,ﬁeﬁ,edg Br S %@Tméahﬁy fong Pr&ctsVBRR, 8.99d

ar eas mhere reduce hlckness dué to partial hydro yS|s

of cell ul osi ef whpm@dtvyth queaml 99/"& mﬁ@e rgaviresHd ntal| Resied of104e 12
exceeds that d%’ BRE G ’Welh i Dse Wi tenk RS 8 ceifwé?ﬁﬁl%f‘ n@?ﬁéil%ds fefgirev0qd 4

becones britt an effective h-t enper at ur e P Es@gtoco
needs to be ureeelﬂma@mmam enerﬁmgne@erﬁseiygﬂepﬁ)epewatewarqrt foarewempeu patgat i ved

from | over tg, mpdisiBbaengids¥s raaﬂﬁ?ndlﬁéfr @r@lr@aﬁarﬁﬂbwg Kl iflcluding gspoed) -
This invention thus ains to alleviate sonme or of the probl ens_of the
prior arl3 steaming and water spraying at temperatures of between 21°C to 66°C (70°F to

150°F). This prior drying method takes 14 days to complete.

Generally, kiln drying time can be accelerated in one of two ways, either by drying at

significantly higher temperatures or under partial vacuum conditions.

The Rosen method disclosed in US patent no. 4,343,095 is directed at drying of
20 wood at super-atmospheric pressures of between 103.4 kPa and 344.7 kPa (15 and
50 psi) and temperatures of between 100°C and 177°C (212°F and 350°F). A
specialized cylindrical kiln is needed in order to perform this drying method. One
drawback of the prior drying method of this US patent, would be the high costs
involved in building and maintaining such a kiln. It has also been mentioned by
25  Kollmann and Cote (1984) (Kollmann, F.F.P & Cote, Jr, W.A. 1984: Principles of
Wood Science and Technology-Volume I: Solid Wood. Berlin: Springer-Verlag) that
such high temperature heating generally results in drawbacks such as exudation of
resin, loosening of knots, relatively steep moisture gradient and early deterioration of

the kiln structure.



WO 2011/ 149327PCT/ MY2010/ 000287 -4 SUVMARY OF THE | NVENTION I n accordance
with an aspect of the invention, there is provided a high-tenperature

met hod f t t tment of lunber. 5 The nethod conpri of :
(i) pr oviovglor%gﬁélt“g%is of lunber; (ii) restraining the st%ﬁ@%ﬁ%@%

subjecting the stacks to a first conditioning phase; (iv) drying the stacks
in an air streamat a tenperature of not |less than 120C;, 10(v)cooling the
stacks and subsequently subjecting the stacks to a second conditi oning

phase: and (&b iridfdid] Hig RISl Gyl ridnSdL6r iRt RaWBbE Bl SMBbBAMDE 21 !
st ream |'han embodi nent of the’iAvention, the stacks nag conpri se
freshly sawmandgroether feopicabihardwoosisaaiiesa mgnestitypr iHawevaibabbewogdehas a

t hi ckness f r@},@?g%.ﬁgn?ﬂﬂ,aﬁ%ﬁﬁé&gg%mé& RAIKRER pr%fyuwlcoﬂfré’lf‘(%sf?)t)

| unber in eac er ment, step may conprise

appl yi ng Sa |kysappiyirg peessresusing @adng. st ack. An evenly distributed | oad
restraint of not |ess than 700 kg/ n2 may be applied over each stack. I n
a further enbodinent, step (iii) may conprise a saturated steam environnent
of 20not | esdSphtent 082,268 475 discksena prioiemsiiof ©f datng kardweed ppderresteaint

between 6 tc’ag]a'?r'lst shrinkage across the width of the board or sheet. However, the restraint
protocol and drying method of this US patent resulted in visible defects on the

surface of the treated wood e.g. dark areas where wood has been reduced in

10  thickness due to partial hydrolysis of cellulosic components. The density of these

dark hydrolyzed areas exceeds that of normal wood, but instead of becoming harder,

the wood becomes brittle.
Thus, an effective high-temperature drying protocol needs to be developed for a high
throughput of quality dried lumber derived from lower to medium density range

15 tropical hardwood (e.g. rubberwood).

This invention thus aims to alleviate some or all of the problems of the prior art.



hours. According to another enbodinent, the air streamof step (iv) may
have an average velocity of between 2.5 to 3.5 ns-1. Step (iv) nmay be

conduct edyatof/iuessper ature of not |ess than 120C and up pe@/MP%e/000bE St acks
may be dried in step (iv) to a dry 25bulb tenperature of not |ess than 120C

and a wet bulb tenperature of not less than 70C. 5 According to a further
enbodi ment, step (v) may conprise lowering the tenperature of the dried '
stacks sufficiently so that the | unber can be effectively conditioned when

subsequent |y subjected to the STRMK se. The stacks may be
5 cooled to a lunber surface tenpera \{;Jragqlolié éwgﬁmgbout 80C to about 90C,

prior to being subjected to the second condltlonlng phase. The cool ed dried

stacks may b subj q?ﬁ%e?.ﬁnt& %n %%P thhgqmgnE !c)irQ Nhog i 8%?(@?(1(4&5 Nggﬁf]eﬁl%rgt%

about 6 to 1 ?%u e condi't1 one a wet epr essi on
of about ZOGnethodfodtheaaatmdmdflmmer t he stacks may be further cooled in
step (vi) for a period of not 10l ess than 12 hours. Lunber treated with the
nmet hod of this invention may have an average noi sture content of 4%to 6%
Lunber t rieat Bt methodtdoenpniseshiing sééps¢fi s i nventi on nmay be of the hardwood
type, or nore particularly, a low to nediumdensity hardwood. 15Accordi ng
to a second aspect of the invention there is provided a kiln adapted for
(i providing stacks of lumber;

(ii) restraining the stacks;
(i) subjecting the stacks to a first conditioning phase;
(iv) drying the stacks in an air stream at a temperature of not less than 120°C;
10 (v) cooling the stacks and subsequently subjecting the stacks to a second
conditioning phase; and
(vi) further cooling the dried stacks in ambient temperature air stream.

In an embodiment of the invention, the stacks may comprise freshly sawn lumber.
Each of the stacks may comprise lumber of even thickness from end to end and

15 crosswise between individual pieces of lumber in each stack.

In another embodiment, step (ii) may comprise applying a load restraint over each
stack. An evenly distributed load restraint of not less than 700 kg/m? may be applied

over each stack.

In a further embodiment, step (iii) may comprise a saturated steam environment of
20 not less than 95°C. The stacks may be subjected to step (iii) for between 6 to 12

hours.

According to another embodiment, the air stream of step (iv) may have an average
velocity of between 2.5 to 3.5 ms™. Step (iv) may be conducted at a temperature of
not less than 120°C and up to 200°C. The stacks may be dried in step (iv) to a dry

25  bulb temperature of not less than 120°C and a wet bulb temperature of not less than
70°C.



use in the high-tenperature |unber treatnent nethod of this invention. The
kiln conprises a chanber for receiving stacks of lunber, heat supply neans
to produ ﬂﬁ |y heated air and steamto the chanb and
condltloﬁ?ngﬂtiﬁgﬁgnber stacks, heat exchange neans to %Fg@?%%ggggﬂ%ﬁlnta in
a 20 stable and sustained tenperature environnment within the chanber
suitable for drying and conditioning t he? unber stacks, humidification
means to provide and maintain a predeterm ned equilibrium noi sture content
wi thin the chanber, air stream generation nmeans to rOV|de sustalqed and

uni f or m f | owAegording toatfurtheriembadimamester Andmay FemBYi %'Bﬁ’ﬁgn%

connect ed t 0qf the diedstazkd BlificieRm so thBeme |L2r56e<:<?dw1ﬁeeff&aMy cdmmﬁdiwleﬁlvmﬁn on
means and air stream generation nmeans for ngnitorin con | 1i n dryl ng

par amet er s whdbFequeMly syRisgied 1o |the Secend SENAEARING P ﬁ?s ey & ° St'ﬁ@ Harber

may Conpri secy@éd fo A& sufhes tensiftufe biedtweeaBbsutedoPCad %Bbutfwc prior
insulation and allows for insertion of rei nforcemeg cgéﬁédgThe sul at or
I

bl ock panel stBging skpipsted to thgnseapar grpditipniag PEASE 4 AR ed SgaCP(S may

Accor di ng t opyglibjaitel ieh sesdiidmation@h phaks irfstes ¢l) fort dubeas 12 vebRngmeneans
may conprise flat" panel stainless steel finned hea%g&lﬁ\gers or extruded

al uni num f i nstagks @QY besoaditiened aj awet bully depuessionod this aspect, the
kiln may further conprise ventilation means that operatively functi ons vvith
t he humdlflcatlon means to achieve the _required air, condition w

chanber. Theln/@hembadimant #hasackamaohp it sodled| "é§te<5’f("§ P'r 2 Fe1'R 8 ngtnd
outl et vants|ekoamned wsurop or at the sides of the chanber. In yet another
enbodi ment of this aspect, the air stream generation neans may 10 conpri se
a notor and fan assenbly, the notor being | ocated inside or outside the
chanber, and_ifsef fBatb@iviith theCabeddi ¢f thikeinugritih pay thaoe a0f atdrege haoldtare  The
motor and fan assenbly may enabl e generation of an air stream having an
aver age vel oE‘P"!"?ntcﬂf"'B% €n about 2.5 to about 3.5 ne. According to
an enbodi ment of this aspect, the control means may conprise a set of

15i ndustri al pro r anma ic.contraller (PLC ation . ln an
embodi ment okUPR "st"%%tﬁ‘g(‘,"f'th tg%é“‘ktp?q\ frUF{’ ?"88:% fL{gE gﬁ 4"Y1cf°é"gtry81a or
condi ti oni ngriphaphatulhy, a0eWite ikln dessty Wargwddde st acks of step (iv) and
subsequently hosting steps (v) and (vi) of the nethod of this invention to
enabl e shortened kiln chanber residence tinme so as to mnimze inherent

bui | d- up of Aaéﬁﬂm?ho 3t Se26Ad Whpaut of &2t ineentiontirere iJ peovitteddi kiiroati!al:ged:fmnber

may be of identical technical cifications as e kiln ch is an
obj ect of thES§ iy HEH |g|?]tq%p%a@@pf%nqﬁrﬁgeagpgnttrﬁgthaigsoég'ygmvgaggn £ hkélnprl or
art comprises a chamber for receiving stacks of lumber, heat supply means to

produce and supply heated air and steam to the chamber for drying and
conditioning the lumber stacks, heat exchange means to provide and maintain a
20 stable and sustained temperature environment within the chamber suitable for
drying and conditioning the lumber stacks, humidification means to provide and
maintain a predetermined equilibrium moisture content within the chamber, air
stream generation means to provide a sustained and uniform flow of air within the
chamber, and control means operatively connected to the heat supply means, heat
25 exchange means, humidification means and air stream generation means for

monitoring and controlling drying parameters within the chamber.
In an embodiment of this aspect, the chamber may comprise walls made of block
panels that enable efficient heat insulation and allows for insertion of reinforcement

means. The insulator block panels may comprise light weight fire retardant panels.

30 In another embodiment of this aspect, the heat supply means may comprise a boiler.



wood treatnment systems, or at least to provide the public with a fast,
econom cal and energy efficient choice. The high-heat treatnent nmethod and

Kiln of tWpoSoituenyi on, 25 intended for use in the dryi pgramBoieaios7
treatment of tropical hardwood di mension stocks intended for the

manuf acture of wooden furniture and compgnents, elimnates the need for
chem cal preservatives and significantly shortens |unber treatnment tine. -
7 - BRI EF DESCRI PTI ON OF THE DRAW NGS This invention will now be

further descAéa, §¥o V@tyan%\i,&]é?%ﬁntlo"g%érﬁtolst Eéﬁé&"tﬁé el éi&hgﬁgé e fdy the

acconpanyi ng ure l'an view o
carrying outcompmssdtairpamelmmlgss stee!dmeﬂ@eabexchengewenextwedlawp@urr\eﬁ@ is a
side view of ﬁ@%bghg{é pf Figure 1. Figure 3 is a front view of the kiln of
Figure 1. 4 shows application of the load restraint to | unber
st acks, accord| ng to the 15treatnment nethod of this invention. Figure 5A

shows thg Fﬂggrfuﬁt&% éﬁb&;lmghgﬁ thighasPEdtOfhe! Rir? ﬁiﬂhéro%rﬁ néé)%’ntllatlon

restrai nt ure oad restraint o gure 4. NI T1 ONS
Unl ess ot her mieges dbdti ppetatively fiatdtions rwjtht &Q@let@éént'ﬁﬁmﬁg Hi@LﬁChlerYlesthe

speci ficatiop ﬁfr&g %ﬁfdoﬂgqoﬁ%{hm tHR"Ehambel yl'r}%uvé?waﬁm?‘?ﬁéédérrﬁaﬁ eBrhbrisés used

herein refers\ erature neasured ernoneter freely exposed
to air but s$ﬂr@ISd>édalf¢d)lme|t aod auileiweaﬁsdomds@mjm or 26 thegiides er‘h%uﬁ*n"?f’ﬁb%’t ure

content or EMC' (Siau, 1984) as used herein refers to the wood condition

when the anount of noisture remaining in the wood is in equilibriumwth

t he wat er valroyet anothasigrebodimenteofaiflis aspectpthgeair stream generation means may

10 comprise a motor and fan assembly, the motor being located inside or outside the
chamber, and the fan being located in the upper portion of the chamber. The motor
and fan assembly may enable generation of an air stream having an average velocity
of between about 2.5 to about 3.5 ms™.

According to an embodiment of this aspect, the control means may comprise a set of

15  industrial programmable logic controller (PLC) instrumentation.

In an embodiment of this aspect, the kiln may further comprise an integral
conditioning chamber for optionally receiving the stacks of step (iv) and subsequently
hosting steps (v) and (vi) of the method of this invention to enable shortened kiln
chamber residence time so as to minimize inherent build-up of internal stress within
20 the lumber. The conditioning chamber may be of identical technical specifications as

the kiln chamber.

It is an object of the invention to seek to mitigate the disadvantages of the prior art
wood treatment systems, or at least to provide the public with a fast, economical and
energy efficient choice. The high-heat treatment method and kiln of this invention,
25 intended for use in the drying-cum-heat treatment of tropical hardwood dimension
stocks intended for the manufacture of wooden furniture and components, eliminates

the need for chemical preservatives and significantly shortens lumber treatment time.



"Wet bulb tenperature (WBT)" as used herein refers to the tenperature
nmeasurenent that reflects the physical properties of a systemw th a

m xture ir. 3 nd water vapor. "Stickers" as used LD, r to
thin traﬁ&f?gp{sl 14%22ts of wood used to space apart Iayerg(éi&?{?ﬂr@@ﬁ%ithi n a
| unber stack so as to formair passages i,nh the stack. DESCRI PTION OF THE

PREFERRED EMBODI MENTS 5Referring to t he “drawi ngs, a hi gh-tenperature mnethod
for the treatnent of lunber is provided and also a kiln for use in the

treatnment is provided asnﬂ'kﬁﬁfﬁ%@&ﬁ;é@w*ﬁkﬁﬁAW r treatnent nethod

A high-tenperature treat he treatment or |unber according
to the present invention heats and dries |unber using staged air-steam

m xtures at dry-bulb 10.te rat yre T), Of S .5t ng
convent i onalﬂll%/f'we@%‘g "W@%? e&?ﬁ%ﬁ[@eéfbytW%%@éﬁ%’&%&gégﬁﬁ%gw 't?e. g.
rubberwoad) referérieaotiad accsnpanying xicavdogs)dn Which: The treatment method of
the invention generally involves four nain stages, nanely, 15pre-treatnent
preparation phase, plasticization phase (first conditioning phase), drying
phase and fifiglrecioisdi plan viemgofhkiBefor Bareying eatt argaatmant pethaid ancoptingste theThe
use of air-dried lunber is preferably avoided in the treatnent nethod of
this inventi'Bff"'Ble of freshly sawn lunber is preferred. The kiln |oad
or |unber stacks 10 are constructed in the open area adjacent the drying

Ki | n. | et.ed qr. partially built-up stickered stacks of lunmber 10 (kiln
| oad) 25®hofﬁ'ﬁurﬁg'ﬁgpst'é‘?/‘g?‘(}'oﬂgﬂa?rk'lpc‘???'rgg'é%lgy cut green noisture content. It
is preferable that all individual stacks 10 of |unber for use in the
treatment nEI'EiQL?r% 3 is a front view of the kiln of Figure 1.

Figure 4 shows application of the load restraint to lumber stacks, according to the

15 treatment method of this invention.
Figure 5A shows the lumber stacks of Figure 4, prior to application of load restraint.

Figure 5B shows the load restraint of Figure 4.

20 DEFINITIONS

Unless otherwise defined the following terms as used throughout this specification

are defined as follows:-

“Dry bulb temperature (DBT)” as used herein refers to the temperature measured by

a thermometer freely exposed to air but shielded from radiation and moisture.

25  “Equilibrium moisture content or EMC” (Siau, 1984) as used herein refers to the
wood condition when the amount of moisture remaining in the wood is in equilibrium

with the water vapour pressure in the ambient space.

“Wet bulb temperature (WBT)" as used herein refers to the temperature
measurement that reflects the physical properties of a system with a mixture of air

30 and water vapor.



of this invention are to be constructed in a stickered-stack configuration,
as seen in Figures 4 and 5A. The outernost |unber pieces 11 of each stack

| ayer shogbdopgadfdvertically aligned. Stickers 12 of unipt@mnivHies@magect i on
(e.g. of 25 mmx 25 nm cross-section) are vertically aligned and spaced
apart fromeach other. Preferably, 9 theg stickers 12 are spaced apart by
not nore than 300 nm Well constructed I'unber stacks 10 with the above
descri bed configuration of stickers, aid in ensuring even application of
heat and noigture during .t od.
Bearers or b§t'§|t<eé? Sk fheP%Pzée#rg%gggﬁg ttrs? é%fe?%%?l? %aﬁqgot%?éfgp éé %@a%p%ah

provi ded at Iaperslodiumber afthinteelumibebstacls saek $o fobmtair passages inttee stecless by fork
lift tines. Further, each of the stacks 10 should preferably conprise

| umber 11 of even thickness fromend to end and crossw se between

I ndi vi dual pieces of lunber in each stack. Most preferably, the thickness

of the green sawn lu hal I \v; than 2 mm from
end to end or crossw@%@?ﬁ?ﬁi%ﬁF@#ﬁ%ﬁ?gggséﬁ%pﬁ%@%r eferred

enbodi nent of the nethod of this invention, the individual |unber stacks 10
shoul d su r.Qxi | i ally
ki ng a3 o Spearus e plues <Hif-sHnsterdys mdd o e Cedibhy of BRI &
tons) per chpnobided addbisora ldlorfert usedn ithentrestmehtis [poovidad as felikws. (ki | n | oad) 10,
an evenly distributed load restraint 20 is applied over the entire top

hori zontal area of each stack 10 (Figure 4). Well constructed stickered

st acks 10 of Highrtemperatute iumbardreaimentenathocand adequat e appl i cation of | oad

restraint on all individual |unber pieces 11. It is preferable that the
| oad restraint 20 applied be not |ess than 700 kg/ n2, and nost preferably
be A high-temperature treatment method for the treatment of lumber according to the

present invention heats and dries lumber using staged air-steam mixtures at dry-bulb
10 temperatures (DBT) of not less than 120°C. Existing conventional kiln systems
involve drying of tropical hardwood lumber (e.g. rubberwood) at temperatures not

exceeding 75°C.

The treatment method of the invention generally involves four main stages, namely,
15 pre-treatment preparation phase, plasticization phase (first conditioning phase),

drying phase and final conditioning phase.

Pre-treatment preparation phase

20 The use of air-dried lumber is preferably avoided in the treatment method of this

invention. Use of freshly sawn lumber is preferred.

The kiln load or lumber stacks 10 are constructed in the open area adjacent the
drying kiln. Completed or partially built-up stickered stacks of lumber 10 (kiln load)
25 should be kept very near to freshly cut green moisture content.

It is preferable that all individual stacks 10 of lumber for use in the treatment method
of this invention are to be constructed in a stickered-stack configuration, as seen in
Figures 4 and 5A. The outermost lumber pieces 11 of each stack layer should be
30 vertically aligned. Stickers 12 of uniform cross-section (e.g. of 25 mm x 25 mm
cross-section) are vertically aligned and spaced apart from each other. Preferably,



20 between 700 kg/ n2 and 900 kg/nR2. Insufficient |oading may | ead to poor
recovery of heat treated |lunber. The load restraint force is generally

dependentw@nofit@eihi ckness of each piece of |unber 11 peprhviydaesodback 10.
The physical load restraint 20 may conprise any form of weights,

preferably, having a | oad force of not |ags than 700 kg/n2. Preferably, the
load restraint used in the 25method of this invention consi sts of
reinforced concrete slabs 20 placed just above the top nost part of the

kiln load (I {ﬁ@%‘ﬁélfegg 35kke g'pgace% é%ﬂeﬂg fof n%r@ﬂfa‘?ussoﬁ mRd BB cdititicleddGmber

restraint 20 sho be maintain nti nuous t hroughout the treatnent
met hod unti |steglman@wltbrihe@b@ngmeecmhegmqmgwatlgn Pﬁﬁb@kﬁﬁ?}@'dd‘? enpring AYREY

bat ches. Thi 5;&@@5’6%084 nbagnd %&.gta@nauh@st@e SUERGUbRAAEARIEE phadds bfithe

reducti on of rping (an ts magnit to better recovery.
2011/ 149327 POEIHoN?2 Bes 6 ©p 8isterg 33 of Hr@@rtqr@ssmctm anj stickergs JRAre iPEMIRS)

phase  This, t'tﬁﬁbgfforfl lof fHe 1bmBaf SEAMs %ngmﬁig ﬁ%%&@éjbw&lbhﬁ‘tuﬁéﬁe kiln. Mre

particularly, I's plasticization or first co tionlng phase is conducted
in the main chanber 30 of the 5kiln. The restrained | unber stacks 10 are

subj ected tog g?%at; angtau@ 9 ?ef&%ryscbrn%asémws@ft ¢ &oafant ion

of not | ess t m)st erab bet weén 95
uni nt ent i onalhqusogﬂia ﬁgmof:nd e ehdrﬁi@r C@ﬁ%ﬁ% betwveiy indiyidusl pigsra 'V\W‘PF" meduce

the 10effectjyengss ModthFerBRitly, B hRRAISLSH &G Rend8wn i b&mBRASEshould
10  not vary by more than 2 mm from end to end or crosswise between individual pieces

11. In a preferred embodiment of the method of this invention, the individual lumber

stacks 10 should measure approximately 1.2 m (w) x 1.2 m (h) x 2.0 m (I), eventually

making a total stack volume of approximately 17 cubic meters (15 cubic tons) per

chamber.

15 Upon construction of the lumber stacks (kiln load) 10, an evenly distributed load
restraint 20 is applied over the entire top horizontal area of each stack 10 (Figure 4).
Well constructed stickered stacks 10 of lumber aid in ensuring even and adequate
application of load restraint on all individual ilumber pieces 11. It is preferable that
the load restraint 20 applied be not less than 700 kg/m?, and most preferably be
20  between 700 kg/m? and 900 kg/m?®. Insufficient loading may lead to poor recovery of
heat treated lumber. The load restraint force is generally dependent on the thickness

of each piece of lumber 11 per lumber stack 10.

The physical load restraint 20 may comprise any form of weights, preferably, having
a load force of not less than 700 kg/m?. Preferably, the load restraint used in the
25 method of this invention consists of reinforced concrete slabs 20 placed just above

the top most part of the kiln load (lumber stack) 10, as seen in Figures 4 and 5B.

This load restraint 20 should be maintained continuously throughout the treatment
method until completion to ensure high quality throughput of the lumber batches.
This physical load restraint has a significant effect on the reduction of warping (and

30 its magnitude), leading to better recovery.



The conditioned |unber stacks 10 are then dried in the main chanber 30
(drying chanber) of the kiln with the protocol below (i) dry bulb

t enper at | ess than 120C and up to 200C;, and 1

t enper at ubk&gzgimﬁg}tnl ess than 70C. Most preferably, the %(:'rh\% %’(&E&/?Jearrger ature
of the lunmber stacks 10 shoul d be not Iess than 120C to 160C and t he wet
bul b tenperature shoul d be not |ess than 190C to 80C. In a preferred

enbodi nent of the treatment method of this invention, the |unber 20 stacks
10 are dried in an air_stream having an average air velocity through the
stacks 10 of_@smla"ioﬂ(ﬁ‘%@!;@a.@&-agﬁof the air velocity readings .taken
at the "air exhaust" side of the |lunber stacks 10 e. g top m'ddI e and

bott om spaces between stack |ayers, and at intervals & e ttE

| umber st ackThig)is thenfisst &gaimeyd Rifase \congusted "‘f'@&‘d‘hﬁgl"ﬁ’?ay Bg‘e 'Pﬂg Sing a
hot -wi r e anepRERSAkioR br ARRY cOhdIfning pHadeaB|Bndiiéd HRBImain H\Bﬁhbeﬁwdf theoni ng
phase At the end of the drying phase, significant difference (dispersion)
in noisture Ehntent normal |y occurs between | unber pieces 11, both al ong
the length and within the 5cross-section of individual pieces 11. These

differences and any internal stresses forned are relieved b furfﬂgr
condi t i oni ngThe&estigingdrlumbar ktacks 10 @re subieated;ta steary i 3 Min 012
tenperature %urshﬁfa'slé?{t}s{edswnb%ﬁ oTUok 18 thaNeBET! 4l MbSUPIETBaKT betvia SO
that the steamwili be able to effectively wet the |unber pieces 11 as

i nt ended, i n8%%xie 1(99 €1 ashing off. 10The final conditioning phase runs for
about 6 to 12 hours in a separate conditioning chanber (not shown) where
the stacks are conditioned at a wet bulb de 33| on qof apout 20C. Af%
condi t i oni ngAny Hainfantigea! copling, of te 'Hﬁ“@ebﬁqaﬁg%g gdyrieg, Byis PRase Wl EAUcR e

tenperatif e gfdctivbncas®r {Herapphbd lo8isestham 202 hours before di schargi ng.

Drying phase

The conditioned lumber stacks 10 are then dried in the main chamber 30 (drying
chamber) of the kiln with the protocol below:
(i) dry bulb temperature of not less than 120°C and up to 200°C; and

15 (i) wet bulb temperature of not less than 70°C.

Most preferably, the dry bulb temperature of the lumber stacks 10 should be not less
than 120°C to 160°C, and the wet bulb temperature should be not less than 70°C to
80°C.

In a preferred embodiment of the treatment method of this invention, the lumber
20 stacks 10 are dried in an air stream having an average air velocity through the stacks
10 of 2.5 to 3.5 ms™' (average of the air velocity readings.taken at the “air exhaust”
side of the lumber stacks 10 e.g. top, middie and bottom spaces between stack
layers, and at intervals along the length of lumber stack 10). This average air
velocity reading may be measured using a hot-wire anemometer or any other

25  suitable instrument.

Following this drying phase, it is targeted for the dried lumber stacks 10 to have an

average equilibrium moisture content of about 4% to 6%.



15 Kiln for use in the high-tenperature |unber treatnment nethod Figures 1
to 3 show an enbodi nent of a kiln adapted for use in the high-tenperature

| unber t ngatRM4ofBt hod according to the present inventipgimryddiGodebdn IS an
encl osed structure conprising a chanber 30 for receiving stacks of | unber
10, heat supply neans to produce and supﬁ)lly heated air and steamto the 20
chanber 30, heat exchange means to provide and maintain a stable and

sust ai ned tenperature environnment within the chanber 30, hum dification
means to pr ory.i d!e agﬁ rral nk gl n a predeterm ned equilibrium noisture content
within the ream generati on neans to provide a sustai ned
and uni formfl ow of alr W thin the chanber 30, and control neans for

nmoni tori ng apd, contr vari o er
30. The encl %5'8 LTS bfeu? ""8fphf"r?‘|éeJ %ﬁ@aﬁ%%ﬁ%@c«%ﬂ@%&%ﬁpw IF1I eaé& @g&?ﬁe
kiln main ch@m‘bﬂﬂy ddcuws zmtween Alnhtmay pesEsatt ImdthIalnﬂgethesbagﬂhsaml)wnhmothehe
chanber 30 for nd,.s uent y s 10.
A main a ces%roa%a Ct'gg 26’?%‘( aﬂaitpécf;eafht hgﬂggénéﬂgreq‘ §§Qﬁ8 %ﬂy%tel‘r%? S%%%
struct ure offotrhed aleaetiered3ly fushdriconditionidgtiE0lLmberdStaekEPOT/ MY2010/ 000287 - 12
- across the opening. The door 60 may be operated by any suitable system
and preferably, by an overhead rail nounted door carrier. O course,

provi si on of Paatdb ffinanadnditioning, theuempemture of e lpibieaserfadesnastdie leweiesi aned

5The kiln main ch n e t

wal I s conpri AP Hﬁd %ﬁbglzo %g Q % ﬁﬁaﬁ' e%tgéﬁ' ‘g'hl F%st(él %te?gﬁél)pwégf er 3&1‘

mai n chanberpiacdd 1 asmp:rnded ipstopd Dfaﬂlashgngmfbck panels i.e. light wei ght f| re
retardant insulated bl ock panels provided with vertical core holes to allow
for insertion of reinforcenent for possible formation of a colum and beam
st ruct urk. Uﬁlafgﬁnajfcondi&omjhg)phaqmmssforlabcmh@libég hdues ifaa RepaTalebeanditionive very
energy effici ent r§ t ant
to heat tran% SSI n&'?%% n ueb h% spa(ﬁ(%%ﬂ% Fm%en al #,Jeffﬁgmfﬂy ?esrs gf

rei nforced cabmut@0¥.sl ab foundatl on, use of these panels provi des
sufficient stiffness such that chanber wall deformation is limted. The

mai n chanber 30 is also provided with a handling line 43 conprising a

pl at f orm 15 After Icegdifianing, ethei Winnlgert blackuuntferaret allowed 1 coahrierars tageient1 0
areforkllft 0, and
subsequently, %g%greoér?'{%r tanﬁophghggyrrtah?’ﬁ %hﬂa Q&fg%é{%tﬁdll‘% I n. The area in
front of the kiln is concreted to allow for unobstructed and safe novenent

f forkljdt th a fal I
and the Bor ¢ Kb ehEss PR RmefRERTE (A b ORI ot Ehony houses

the air flow generation means. Any formof suitable air flow generation

Teans capabl eighlesIF G 314, 3 UhbARMERT 8FSr kid WeRbreolcr Stbedln 1 hight ol ng
at a speed of t E 1, e use referab é a _class H
i nsul ation nwmeranraa!nmbeatnea!@eabmtmﬂwcp@rdmél thetpresemtirnentian.nAbisén

| ocat ed i nsi de rpént?#e% ﬂﬁjﬂ%d?@ BRipRsiRg ATBRmcE: 30’%'r |ré‘cet|\}n}!?ﬂ E@Rks38f Ritbehousi ng

are 25 | ocat 8d upper portion. or-fan assenblies
34, 33 are pt@f beatbsupply meanshioeprogyse rasdi egpplmé | pEsandh steapt 49ithe

reversibjep a}gﬁarfléﬁ‘%oaﬁﬁaé%’gﬁ %Jgenﬁéanﬁbr proVi@afeiafdin bStatle gha 8G4tahed32 are

al so provide portion, adjacent the fan assenblies
33, for | at eteaperatdier erviropment wihip tlne gmmber 30, humidification means to provide

and maintain a predetermined equilibrium moisture content within the chamber 30,
air stream generation means to provide a sustained and uniform flow of air within
the chamber 30, and control means for monitoring and controlling various drying

25  parameters within the chamber 30.

The enclosed structure of the kiln defines an opening leading to the kiin main
chamber 30 sized to allow passage of lumber stacks 10 into the chamber 30 for
drying and subsequently to allow discharge of the stacks 10. A main access door 60
constructed of the same material as the basic structure of the chamber 30 is fitted



Heated air and steamare supplied to the main chanber 30 by a boiler of 30
conventional design (not shown). In addition to conventional fuel sources,

wood resi | so be used as boiler fuel for the g ' st eam
and heat e‘g@.ﬁ’rﬂﬁgﬂ?o about 200C necessary for the dryi ngeﬁm@%@?"%%
treatment nethod. - 13 - Heat generated12y the boiler is fed into the nmain

chanber 30 by way of heat exchange meanS '85. Any suitabl e heat exchange
means 35 nmay be used in the kiln of this invention. Flat panel stainless

steel finned heat exchangers_ or extruded 5 alumn fins car bon st eel
heat exchangd¥8safhe BPRY -rir(ﬁ"_.e 490 H@thee%?@ﬁ}é& a3y s&ﬁ%‘ﬁisdﬁﬁ%{/m and”
efficient angeftR@p! By dn RVEMedd NGil Shodited adudr seasiieri N cbuysdyuprovision of
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exchange r at additional deQrn (HAMRRIE 36 ZPRERTEY BARLEIVEA S her operation. The
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S . Hum dification_is neede r the conditj.oni h first d
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chanmber 30 is al s? . . . .
the trolley 43 outside of the kiln and subsequently, transported into the main

chamber 30 of the kiln. The area in front of the kiln is concreted to allow for

unobstructed and safe movement of forklift trucks.

The main chamber 30 is provided with a false ceiling and the portion above this false
20 ceiling (chamber upper portion) houses the air flow generation means. Any form of
suitable air flow generation means capable of generating a uniform cross-flow of
forced air circulating at a speed of about 2.5 to 3.5 ms™', may be used. Preferably, a
class H insulation motor 34 and fan 33 assembly is used. The motor 34 may be
located inside or outside the main chamber 30, while the fan 33 and housing are
25 located in the chamber upper portion. Multiple motor-fan assemblies 34, 33 are
preferable, e.g. three assemblies. Assemblies that provide reversible air flow are
envisioned. Air flow deflectors or directors 32 are also provided within the chamber -

upper portion, adjacent the fan assemblies 33, for lateral redirection of air flow.

Heated air and steam are supplied to the main chamber 30 by a boiler of
30 conventional design (not shown). In addition to conventional fuel sources, wood
residues may also be used as boiler fuel for the generation of steam and heated air

up to about 200°C necessary for the drying phase of the treatment method.



provided to aid in encouraging and controlling airflow across the top board
| ayer of 30 the lunber stacks 10. The baffle plate 36 is pivotably operated

by way ofywd 6{1dshul I ey system 37. It can be pivoted u itd-0n
cl ear of an 1ncomng charge of |unber, and once the char@ggﬁfgmg@@oﬁﬁned,

it can be |owered. WO 2011/149327PCT/ My4910/000287 - 14 - A partitioned
control room 50 adjacent the main chanber 30 that houses the control neans
needed to obtain and maintain an optim zed drying rate critical for quality

t hr oughput af, | unber ' S; ovid 13- hi h! u . Th
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assenbl y 40.bultheeroperatues of upr ip- 200fCwiesideuthe maimpehamber e30 ahdemg'shbeat
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(e.g. pressu? Zationvarves) cum posi tioners. referred
enmbodi ment ofxchhmgek iphnelsf34 lares mountatt tothe anaimebambenifaise cridind dpelowether at e
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bui l d-up of nter es within the lunber during the treatnent
met hod. A Ioévé?‘le%t:réﬂr?atﬁééﬁe}o‘s in 20processed lunber is a pre-requisite

feature for wooden furniture and conponents fabrication. The conditioning

Cumber st ack AR, Meght bt a drladtUiRE G PR oA RAG) Wi EXRAC
Moisture Content (EMC) condition, comprises water (ambient temperature) and
15 steam spray systems 38 operatively connected to the heat exchange means (heating
panels 35). Humidification is needed for the conditioning phases (first and final
phases) of the high-temperature lumber treatment method of this invention in order to
enhance lumber grain features. The water and steam spray system (lines) 38 are

provided below the heating panels 35.

20 A de-superheater assembly 40 operatively connected to the boiler and heating
panels 35 is provided below the water and steam spray system 38 for cooling of

superheated steam.

Ventilation means comprising series of paired pneumatic actuated vents 31 (inlet and
outlet vents) is provided on top or at the sides of the main chamber 30. Together
25  with the above-mentioned humidification system, the ventilation means enables the
required drying air condition (e.g. temperature, humidity etc.) in the main chamber 30

to be achieved.

Further, a baffle plate 36 hinged to the ceiling of the main chamber 30 is also
provided to aid in encouraging and controlling airflow across the top board layer of
30 the lumber stacks 10. The baffle plate 36 is pivotably operated by way of a chain
pulley system 37. It can be pivoted up to a position clear of an incoming charge of

lumber, and once the charge is positioned, it can be lowered.



condi ti oni ng phase (noisture equalization) of the treatnent nethod so as to
enabl e 25 shortened kil n chanmber residence tine, which mnimzes inherent

bui | d-up Wb 2ofiyAYHNal stress within the |unber. A shortepeg/ioiosrsddence
time al so enabl es reduced |l apse tine in |oading of fresh charge i.e.

i ncreased kiln productivity. WO 2011/ 143%27PCT/ My2010/ 000287 - 15 -
Hi gh-tenperature lunber treatnent kiln capacity 51t is generally estinated
that in a typical rubberwood furniture plant, about 70% of the sawn | unber

requirenent will be for ter thlc epai

possi bl y corfRiPaftitinged, Ford &?P@%Qééﬂﬂfﬁni{g’m iﬁh%h r(‘5\?'/(5)‘{;)%{5%C!E)gﬁglmn
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convent i onal thiQUaRPut ofny eiéW&[(e'rsi QFo 8f°"f°¥?é1é %ﬁ@i’(ngsé&g\%ul rceocrfglolre

| ess thars 2 faums Rf opdrhtivelyessriearl fol the heiat Bupdle nheagis: heatpexchnge meaeat nent
met hod and kiln of this inventi.on ot hetical scenar] ny
has a proj edi®gd ﬁ'ﬁ?ﬂ%l We?’bﬁ‘q?ﬂ‘i%'hﬁtﬁ?a%\ge%%ﬁ n ﬂ?ﬁn%ﬁ%i%o'}r@ﬁ eé gh? gB%Pclu

tons) of rubkeiwoaeing pavanidisrs twithirl thearainrobdmibet 80.1 Any xaitbisle ooatnalcnea}ns s
estimted at 45 c neters (400 cubic tons) with an all owance for excess

ubi
capacity of 'HB)SB? U$8@;, Based on the respective val ues nentioned, a
conventional kiln chanber can acconmodate approxinmately 2.5 | unber char ges,

of 30 mmt hi ess per th apd, about 6 i u cubl C
tons) kil ns 'g're Akl ui’rs@go P &al Pﬁ‘@fﬂ@{*ﬁ% 'tg dis (I:(oq‘?rﬁllgr l?'ts ﬁ?rggg\t%&énng on
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dryi ng. The %€ 385'? o¥ia oYanpug; P'ﬁelgﬂ%fﬁ)&‘; 5 e A%rl aWcaégck%j@ ?’ggsragbrfe;j or
factor to cosgqidigationrvalvies) qunopuositiomersof ki | n dr| ed rubberwood di nension
stocks. Henceforth, a battery of smaller capacity kiln chanbers is optinal

as it allows fast |oading and early
15 In a preferred embodiment of the kiln of this invention, a conditioning chamber

(separate from the main chamber 30) having identical technical specifications
(similar built-in peripherals) as that of the main chamber 30, is provided. This
conditioning chamber is critical in aiding to minimize the inherent build-up of internal
stresses within the lumber during the treatment method. A low internal stress in
20 processed lumber is a pre-requisite feature for wooden furniture and components

fabrication.

The conditioning chamber is a time saving feature as it may optionally receive the
dried lumber stacks 10 (after drying phase) and subsequently host the final
conditioning phase (moisture equalization) of the treatment method so as to enable
25  shortened kiln chamber residence time, which minimizes inherent build-up of internal
stress within the lumber. A shortened kiln residence time also enables reduced

lapse time in loading of fresh charge i.e. increased kiln productivity.



30 commencenent of the drying process as well as better control of the
drying paraneters. In a preferred enbodinent, the kiln of this invention

woul d conppisg okk! N chanbers, each with a capacity of ' 17
cubic neters f‘li% cubi c tons) per charge, 35 anounting tg%g}%{igit&g n%gr?%/hly

t hroughput of 510 cubic meters (450 cubi_qst_ons). The approxi mate di mensi on
ofleach chanber is 4.9 m(w) x 85 m(l) X 4.3 m(h) [16° (w x 28 (1) x
14" (h)]. - 16 - (Cbservations It has been observed that rubberwood

requires less. than 25% dryi ti i 5. od and kiln of this invention
in conpariso ’thfeﬁ’peﬁﬁ‘(/gr{%’/mg%atfe%ﬁﬁ\fkﬁf?ﬁggbét hod. 5Further, the quality
of ljunbgrhproguced with the nethod and kiln of this invention is generally
good an as-better dinensional stabiljt ced
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Vi ?EIS sgbs:1 irfatdrRal bPthetsamnedidzkaéssngouio oehsteppss/thian @ndaystal kilh résidensedimel 5The
met hod of this invention also pffers.an..al [ . i an on counterin
the threat oW'tPﬂ"ée'ng"ﬁ%[ﬂp%ﬁtsuﬁ%ﬁﬁ?t ent e'%rgtaﬁ\dr@ é’\rfnﬁ"égﬁ‘b%'rr\tg%érvat i ve ’
commonl y used in rubberwood processing. Essentially, in the nmethod of this

't acks. (b ERBHRRIhlA Srtinroxs shaRe b2 Bl RiFa sy eplreREAl Fedunsect
feature of th8e3tdubii mitérs nE@ODOCLAndons)| of ofbbehiaod, thus the total required kil
15 chamber capacity is estimated at 453 cubic meters (400 cubic tons) with an
allowance for excess capacity of about 10%. Based on the respective values
mentioned, a conventional kiln chamber can accommodate approximately 2.5 lumber
charges, of 30 mm thickness per month and about 6 units of 34 cubic meters (30
cubic tons) kilns are required.
20
For the method and kiln of this invention, only 2 units of 17 cubic meters (15 cubic

tons) kilns will be needed to achieve the same production capacity.

Rubberwood is naturally susceptible to fungal discolouration and insect infestation.
25  The prevalent industrial practice to minimize such degradations is to chemically treat
the wood immediately upon conversion from logs followed by subsequent kiln drying.
The selection of a kiln chamber of appropriate capacity is a major factor to consider
in the production of kiln dried rubberwood dimension stocks. Henceforth, a battery of
smaller capacity kiln chambers is optimal as it allows fast loading and early
30 commencement of the drying process as well as better control of the drying

parameters.

In a preferred embodiment, the kiln of this invention would comprise 2 kiln chambers,
each with a capacity of approximately 17 cubic meters (15 cubic tons) per charge,

35 amounting to a total monthly throughput of 510 cubic meters (450 cubic tons). The
approximate dimension of each chamber is 4.9 m (w) x 8.5 m (1) x 4.3 m(h) [16' (W) x
28' (I) x 14' (h)].



i nvention, provided by an energy-efficient system enables a
hi gh-t hroughput of dried |lunber e.g. 30 mm x 105 mm di nensi on st ocks

sui tabl e \R,Brzowgﬂgnpased furniture industry. The treat meRlriviv®é/Ro2s3°
i men

mmt hi ck sawn sion stocks is reduced to about 2 days in conparison to
a total period of 10 to 12 days required hy 25conventional drying nethods.
- 17 - (c) Cost-efficient operation A techno-econom ¢ study has been '
carried out to assess and conpare the cost- effective attributes of
building a n conyentional steamheated kiln and a high- 5 tenperature
treatnent ne SH’VI?Z‘I”?? (taking into consideration a conplete drying facility
equi pped with boiler and water supply system. The study shows that a

conpl ete high-tenperature trea t kiln can be sef u L th .conparatively
| ess capital Pti 'Pﬂ?eng?%ﬂ?smﬁ\a}ﬁgﬁbrbﬁé‘ﬁﬁ?‘?é%q‘?@?q%%s[ i’laﬂgz% ‘%‘“8% h ?tb)r?al
dryi ng kil n. mBtisod-srpanios this ineentiorda comparsamtotaenyantional/ikiinadrying meedhist. i on
capacity for both types 10of kilns. (d) Enhanced tinber quality The

hi gh-tenperature treatnent nmethod of this invention mnimzes warping of

| unber. The phpher;&e quaity sfasmbai podusediwithétne metpalramigkinhaf thisritnentien &cks
war pi ng. 16TRENTalN 8Poq r2rsf b3 v (ESHEDTR QTSP IY HPBET SRR Bh thlufber
enhanced gr aprodueéd Wye somveationg)r metdbds ol Gomenidf cthai improvite lewipsys attrébutes hi gh
heat treatnment plus the a ication of specific high humdity enhances the
appear ance ofest“ﬁﬁgik%h‘%aPgé}h°‘§ﬂé"hl§r'8‘éﬁj‘é'8 aLe ﬁ%ﬁ'@c Ff’gg??}”'m bei t dar ker
col or, throughout the |unber. Lunber processed with the nethod of this
i nvention al as inherently | ower, 20 .equilibriumnoisture content (EMC)
and is |ess Eﬁ(‘m"e"s“f’%" Hﬁ?@'&%r‘ﬁ‘piéﬁf‘i‘ﬂ%?ﬂﬂm@r‘m Iling due to fluctuating
anbi ent noisture) i.e. has increased dinensional stability. The rubberwood
dried w t hi epperature net hod, of.. this . invent] . il .at 1
to 2061 olfhr dbegneind BUE BNEMTerCRLnrieSnG Mee 20 YRRt R sk
tenperature thd edatmenbef wllibrw@ad\scusently Bbe rreajdi Fenesapter platitation ttintwe for
o e P Bt i S NG b RL BN 35 bl Rl e
char act er i st RubberiWoed ps esstainaklyippodunedtfeonapigntdtives endrie a \iable substitgteder ed
as nmerely illustrative and n [ Ichive...the scope of the invention
bei ng i ndi cakl'éed‘g%@etpﬁgm% asluﬁgl&aﬁrtoﬁibétpﬁag\r‘\org tcsa‘ f oregoi ng description, and all
changes therefore are '
15 The method of this invention also offers an alternative solution on countering the
threat of the EU ban on borates, the main chemical preservative commonly used in
rubberwood processing. Essentially, in the method of this invention, high-heat

exposure is used to fumigate the lumber against insect attacks.
(b) Energy-efficient system

20 The sustained high-temperature feature of the treatment method and kiln of this
invention, provided by an energy-efficient system, enables a high-throughput of dried
lumber e.g. 30 mm x 105 mm dimension stocks suitable for wood based furniture
industry. The treatment time for 30 mm-thick sawn dimension stocks is reduced to
about 2 days in comparison to a total period of 10 to 12 days required by

25  conventional drying methods.



30 intended to be enbraced therein. WD 2011/149327PCT/ MY2010/ 000287 - 18 -
CLAIM5S 1A high-tenperature nethod for the treatnment of |unber, said nethod

conpri si r\gotzgleuﬁgﬁgs of : 5(i)providing stacks (10) of | %E*?ﬁ‘\?ifé)?&/wozw
cks

restraining sald stacks (10); (iii) subjecting said sta to a first
condi tioni ng phase; (iv) drying said stac?s (10) in an air streamat a
tenperature of not |ess than 120C;-10(v)'1 ooling said stacks (10) and
subsequent |y subjecting said stacks to a second conditioning phase; and
(vi) further oling said dried stacks (10) in anbient tenperature air
stream 2.Th@SEEFh6%°@§t?H%ﬁqﬂ&j in claim1 wherein said stacks (10)
conprises freshly sawn | unber. 153. The nethod as clained in claim1l or 2,
wherei n each, of said stacks

A techno-economic stu%%orzas been carried out to assess and compare the cost-
effective attributes of building a new conventional steam-heated kiln and a high-
5 temperature treatment method kiln (taking into consideration a complete drying
facility equipped with boiler and water supply system). The study shows that a
complete high-temperature treatment kiln can be set up with comparatively less
capital investment than that required for setting up a conventiona! drying kiln. The
comparison was made based on the same overall production capacity for both types

10 of kilns.
(d) Enhanced timber quality

The high-temperature treatment method of this invention minimizes warping of
lumber. The physical load restraint used when preparing the lumber stacks for

treatment maintains the straight-formed sawn lumber with minimum warping.

15 The lumber treated with the method of this invention has enhanced grain features
and improved color uniformity. The exposure to high heat treatment plus the
application of specific high humidity enhances the appearance of the wood grain and

produces a more uniform, albeit darker color, throughout the lumber.

Lumber processed with the method of this invention also has inherently lower
20  equilibrium moisture content (EMC) and is less prone to movement (shrinking or
swelling due to fluctuating ambient moisture) i.e. has increased dimensional stability.
The rubberwood dried with the high temperature method of this invention equilibrated
at 1 to 2% lower at given EMC conditions (from 8 to 20% EMC) than conventional

temperature dried rubberwood.

25  As will be readily apparent to those skilled in the art, the present invention may easily
be produced in other specific forms without departing from its scope or essential
characteristics. The present embodiments are, therefore, to be considered as
merely illustrative and not restrictive, the scope of the invention being indicated by
the claim rather than the foregoing description, and all changes therefore are

30 intended to be embraced therein.



ponprises | umber of even thickness fromend to end and crossw se bet ween
I ndi vi dual pieces of |unber in each stack. 4. The nethod as clained in any

one of tr\g?%ﬁgﬁgbgg clainms wherein step (ii) conpri SeSP?EBJHYiC?E'@O(ﬁZ%p.ad

restraint over each stack (10). 205.The nethod as clainmed 1n claim4
wherein an evenly distributed | oad restraint (20) of not |ess than 700
kg/n2 is applied-over each stack (10).'6?#he nmet hod as clainmed in any one
of the preceding clains wherein said first conditioning phase of step (iii)
conprises a saturated stean1environnen& ot less than 95C. 257The net hod
as claimed in any one of the preceding wherein said stacks (10) are
subjected to step (iii) for between 6 to 12 hours. - 19 - 9. The nethod as

clainmed in any one of the preceding clai erein st Lv) is,congducted
at a tenperalure Bf h'ﬁBtte’F‘Bg@“{rﬁaﬁ‘e%ﬂ?c?%fg?f‘%gr g"%’(‘}og qﬂ’%begrhﬁa'%?’ﬁ %as
claimed in any ongombrisififtnBlsespedfng cl ai ns wherein said 5stacks (10) are

dried in step (iv) to a dry bulb te rature of not |ess than 120C and a
wet bul b X enper at (i e RIPVIAEHS stacks (W?ﬁ? l. 11. The method as claimed in any

one of the pr eced(iipg @gﬁéinﬁg\g@wgéasque)p (v) conprises |lowering the
temperature of saLd drled ol ackSlckdid  Hlicd 2ohdtiong phase;
(iv) drying said stacks (10) in an air stream at a temperature of not less
than 120°C;
10 (v) cooling said stacks (10) and subsequently subjecting said stacks to a
second conditioning phase; and

(vi) further cooling said dried stacks (10) in ambient temperature air stream.

2. The method as claimed in claim 1 wherein said stacks (10) comprises freshly

sawn lumber.

15 3. The method as claimed in claim 1 or 2, wherein each of said stacks (10)
comprises lumber of even thickness from end to end and crosswise between

individual pieces of lumber in each stack.

4. The method as claimed in any one of the preceding claims wherein step (ii)

comprises applying a load restraint (20) over each stack (10).

20 5. The method as claimed in claim 4 wherein an evenly distributed load restraint

(20) of not less than 700 kg/m? is applied over each stack (10).

6. The method as claimed in any one of the preceding claims wherein said first
conditioning phase of step (iii) comprises a saturated steam environment of
not less than 95°C.

25 7. The method as claimed in any one of the preceding claims wherein said

stacks (10) are subjected to step (iii) for between 6 to 12 hours.

8. The method as claimed in any one of the preceding claims wherein said air
stream of step (iv) has an average velocity of between 2.5 to 3.5 ms™.



that the |unber can be effectively conditioned when subsequently subje

10to the second conditioning phase.

of bt weatCBBISHEC o about 90C, pri or to bei ng subj eXFSAT ) FHBIEE,

condi tioni ng phase. 13. The nethod as cl ai,ged in any one of the preced

cl aims wherein said 15cool ed dried stacks
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12. The nethod as clained in claim 11
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depressi on of aboigicoaicted®ft d fempEhaturesdfmotiieas thednad 2080 and uprty 200%C.of t he

precedi ng clains wherein said stacks (10) are further cooled in step (vi)
for a period of not less than 12 hours. 16. The nethod as clained in a
one of the preEcediig ndtiaddras vdrimed rinlanybere 25thiee ptexedingt dlaissi Whemeireaidhas

an avera%
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har dwood. 519. A kid0iCanhaid welt Buds tengeeratore dfenohlegh thanfosCat ur e | unber
treatnment nethod of claim1l1, said kiln conprising:
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25

11.

12.

13.

14.

15.

16.

17.

The method as claimed in any one of the preceding claims wherein step (v)
comprises lowering the temperature of said dried stacks (10) sufficiently so
that the lumber can be effectively conditioned when subsequently subjected

to the second conditioning phase.

The method as claimed in claim 11 wherein said dried stacks (10) are cooled
to a lumber surface temperature of between about 80°C to about 90°C, prior

to being subjected to the second conditioning phase.

The method as claimed in any one of the preceding claims wherein said
cooled dried stacks (10) are subjected to a second conditioning phase in step
(v) for about 6 to 12 hours.

The method as claimed in any one of the preceding claims wherein said
cooled dried stacks (10) are subjected to a second conditioning phase in step

(v) at a wet bulb depression of about 20°C.

The method as claimed in any one of the preceding claims wherein said
stacks (10) are further cooled in step (vi) for a period of not less than 12

hours.

The method as claimed in any one of the preceding claims wherein lumber

treated with said method has an average moisture content of 4% to 6%.

The method as claimed in any one of the preceding claims wherein the

lumber to be treated is of the hardwood type.
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a chanber (30) for receiving stacks (10) of |unber; heat supply neans to
produce and supply heated air and steamto said chanber (30), for drying

and conditiqnjn id lunmber stacks (10); 10 heat excha n ) to
provi de a‘&hgﬂiﬁﬁ?éﬁn a stabl e and sustai ned tenperatur eggﬁ@ﬁ%’r‘l@r@&?gvﬂhi n
said chanber (30) suitable for drying and 2@g_nditioni ng said | unber stacks

(10); humdification neans to provide and intain a predeterm ned
equi li brium noisture content within said chanber (30); 15air stream

generation ans (33, 34),to provjde a sustained and uniformflow of air
within sai dmi%anbi?e 3," amda 'Pcﬂ'a"ﬁe‘ﬁ‘gﬁ%{sﬁ‘ﬂa? irabss to A is B oPh e
heat supply neansto MeditimederiBiyiparda@ads, hum dification nmeans and air stream

generation means for nonitoring and controlling drying paranmeters within
sai d chanber (30). 2020.The kiln as claimed in claim 19 wherein said

chanber (530) 1gonpAigasadaplddsforade infthd highkeppasise tilvberchedthene ifstitidcor
heat insulation and. all ovg .Ior i nsertion of reinforcenent nmeans. 21.The
kiln as claimed i #2814 SAOWINGRPRISN% ai d i nsul ator bl ock panel's conpri ses

l'ight wei ght fireatRambélaBD) R deing?§tdcks (@) dfillmbés cl ai med in any one of
clains 19 to 21 wherein B{ai d heat sugpl%y ans cor%rgrffes a bojler. 23., The
kiln as clained i BEarsHPBNeMEANE |G RIRIUS ARd SuPRlK eatef 8K g &M (@ Falge

nmeans (35) conpri gefmbdraso)prnaiying ahdit@stiodingdaid lunbedstaekd (1@xchangers. 24.

The kiln@s clainmed in QrY eorrT]'nee gé % atiomsroaig tg 2ngl)’ain alenr gis?abﬁgia%dhs%%{ai

exchangelo heat exchang ans (35) to p e and ned
temperature environment within said chamber (30) suitable for drying and
conditioning said lumber stacks (10);
humidification means to provide and maintain a predetermined equilibrium
moisture content within said chamber (30);

15 air stream generation means (33, 34) to provide a sustained and uniform flow

of air within said chamber (30); and
control means operatively connected to the heat supply means, heat
exchange means, humidification means and air stream generation means for

monitoring and controlling drying parameters within said chamber (30).

20 20. The kiln as claimed in claim 19 wherein said chamber (30) comprises walls
made of block panels that enable efficient heat insulation and allows for

insertion of reinforcement means.

21. The kiln as claimed in claim 20 wherein said insulator block panels comprises

light weight fire retardant panels.

25 22 The kiln as claimed in any one of claims 19 to 21 wherein said heat supply

means comprises a boiler.

23. The kiln as claimed in any one of claims 19 to 22 wherein said heat exchange

means (35) comprises flat panel stainless steel finned heat exchangers.

24, The kiln as claimed in any one of claims 19 to 23 wherein said heat exchange

30 means (35) comprises extruded aluminum fins on carbon steel.



30means (35) conprises extruded alum numfins on carbon steel. - 21 - 25.
The kiln as claimed in any one of clainms 19 to 24 further conprising

ventil ati 31) that operatively functions with cat
5neans t &Qaﬁf@% he required air condition within sai 3%&5%@900 |on

The kiln as claimed in claim25 wherein s%d ventil ation nmeans corrprl ses a
series of paired inlet and outlet vents @ | ocated on top or at the sides
of said chamber (30) 27. The kiln as clai ned in any one of clains 19 to 24

wherein Sald a|r tr m 10 generation nmean and fan
(33) assenbl ¢ h Bra%eﬁ'aﬂ@eg 'DafRY q“ﬁsf’g@%érpngo{ﬂsg?o% g‘:‘ﬁ %‘Hﬂ%{ % 30),
ﬁnfj the ffin bez}I ngvérmlma'ﬂoadmeané hewmro%mﬁueqmmcnsr?a evitahaaid eliumidBicafidre

iln as claimed in claim erein.said notar and fan assenbly. (33, 34)
enabl e geher ati onMEANSHP %vevgl?%é‘?ﬂ%sa aHd:oaﬂ'%&Q/@’Bg'BéaVe&@E?eq% (%q)' bet ween
15about 2.5 to about 3.5 ns-1. 29. The kiln as clained in any one of clains
19 to 28 wherein said cont S. C rises a.set of industrial

pr ogr ammabl e2fogi &P & &fn Pﬁlcfaéme‘f ﬁL%?'”i‘ %gP"mﬁ‘?%'Htsﬂqsb?ﬂt'?%'ﬁn MEANSEIPrisEs a
claimed in any ongemds & pHirgd idi6t avd dQtidtuienke (31§ sbatddSbmgoraor althel sidegofl
condi ti oni ng chamber fore%pél onal ly receiving said dried |unber stacks (10)

of step (iv) and s Seam }hosting steps (v) and (vi) of the method of
claiml1l, to enable shortened kiln chanber residence ti rre so as to mnimze

i nherent build-up_of internal stress within the The kil n as
claimed in cP&i m 3BeiRAside 'g‘ﬁad” G ANE @ aﬂ ﬁ%ﬁ%ngg \yrger%lp Sfé‘fealérﬁ"e@m
techni cajg speci f i gandratish méaﬁsl‘leodﬁpdlﬁscél&fdmr(%ﬁﬁr)d fan (33) assembly, the motor

being located inside or outside said chamber (30), and the fan being located

in the upper portion of said chamber.

28. The kiln as claimed in claim 25 wherein said motor and fan assembly (33, 34)
enable generation of an air stream having an average velocity of between
15 about 2.5 to about 3.5 ms™.

29. The kiln as claimed in any one of claims 19 to 28 wherein said control means
comprises a set of industrial programmable logic controller (PLC)

instrumentation.

30. The kiln as claimed in any one of claims 19 to 29 further comprising an

20 integral conditioning chamber for optionally receiving said dried lumber stacks
(10) of step (iv) and subsequently hosting steps (v) and (vi) of the method of

claim 1, to enable shortened kiln chamber residence time so as to minimize

inherent build-up of internal stress within the lumber.

31.  The kiln as claimed in claim 30 wherein said conditioning chamber is of

25 identical technical specifications as the kiln chamber (30).



