10

15

20

25

30

PROCESS FOR WOOD ACETYLATI ON AND PRODUCT THEREOF The
present invention relates to the nodification of
w@omossset s of wood, and in particul ar the nodpdT/GBR009/000268
of solid, non-durable wood spefies by acetylation, to
. inprove desirable characteristics such as durability,
di nensional stability, stability to ultraviolet |ight
and thermal conductivity. Non-durable wood species are

gen | ] ns| d b he sof rLy from
CoRbEEsS FORWOOB AEBINT ANGH ANRFBADEST hEReeP
described in BRE durability classes 4 and 5 (see
bel ow). The benefits of acetylating solid soft woods,
sol i d non-durabl e hardwods and wood veneers

~ (hereinafter referred collectively to wood) have been
ext @hs pwstnyt isventior delotes ao tlu mmdaﬁtzatryn of apmpenaits of wood, and in

docu ted n aca bl i cat.i ons.
petierin i mog BB PUE BRI b oy Specfid byt dloRn i faprove
deshﬁégfe%)ﬂacﬂi‘@ﬁ@ﬁsubﬂ a%@x@bﬁ@ﬁmﬁaﬁ(ﬁlal Stabitie, ¥tabit tltraviolet
his chem cal nodification thus has the effect of

hgbtcnmdéhctrmag m@w | Nenﬂymbkw@ocb%&sg ageReRgi@HY sABHered to be
thefs8§td¥oeo € 1v@§ fro é:oonrlf ?([JS t{je%%; ?g%ﬁ%}%ﬁ;@ﬁgﬁggﬁsj ich as described

nprovenen

in EREElilﬁd‘tfﬂﬁtalcl&Ee”sm drid §(s0é bslraazf)l pi eces of wood
primarily for |laboratory investigations and are of
little conmerci al significance. Durability is

eSSt haldrfs 51“% %@eﬁi s%ﬁﬁ%o@fwo‘GQQ (s'ol:l&’n&@tdﬁfa@le %&g&%&& and wood

processes, ose brought on by fungi,
VentlerBE(henemﬂler sferbid dollpciienty toewoleh davhbetnextensivebistediehon a

n_swellin nd shrinkage, when subj ec
g Seale Al Rttt Ve o Sak ARG bffhal Pucfined.
woBY abitylafién rdsOItEMI thy cyResiGHE 6ft bl d@é)ty@ @r k kn QVE@di esﬁlponents to

Products Journal, Feb 1964, paae dst ei n,

ehe
acefyl eraynsmdhys chemtieal anegihigagion th f‘sfgest %@n.vamng hydrophlhc

hydi Pl 3 Ao DR AERE @Bt O Car mapl 6 and whi te

oak. The applicability of this technique to
connerC|aIIg used. si,.zes 0 where cross

d
ponBAPEeT SRCHESTEAIOB S OV RS AT Ear BT oy g dgrability and
dintinSRRsl YAlityIraRialli gidoes bf waed pAREFiBSMHE thboratory investigations and

are of little commercial significance. Durability is essentially the resistance of wood to
natural rotting processes, such as those brought on by fungi, while dimensional stability can

be described as a reduction in swelling and shrinkage when wood is subjected to cycles of

wetting by water, or by humidity, followed by drying.

In early wood acetylation work (Forest Products Journal, Feb 1964, page 6,
Goldstein, Dreher and Cramer), acetic anhydride was dissolved in diluents, such as xylene
and toluene, to assist in the penetration of ponderosa pine, sugar maple and white oak. The
applicability of this technique to commercially used sizes of wood, where cross-grain
penetratlon is essential in terms of durability and dimensional stablhty, is not addressed.
Moreover, the by-product streams were mixtures of difficult to separate blends of acetic

anhydride, acetic acid and xylene.
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Mor eover, the by-product streans were m xtures of
difficult to separate blends of acetic anhydride,

wa@e@viogseari d and xyl ene. The processes descri bePiCT/GB2009/000268

Eur opean patent 213 252 are prinhcipally directed to
t he acetyl ation of wood fibres 4and chips, and not to

~comercial sizes of wood. The exanples given for solid

wood dheprocesshedenopbédtnt Fuwrnpah pateat Pt D283 sreprimgipally directed to the
| abgrat ory scale to ry smal | pieces. Europe pat ent

DA ot e5iet ol it 808 pet BeeBiereiRbiI oGO Louh The examples
pier fifsoli@ WHoH ardbf He BFPIEaABs of 1he bradds# NS 1580k SSile to very
on an inpregnation by acetic anhydride in the absence
gnalbpieesst i ve control over the reaction heat that is

generated in the wood. Tenperatures in the wood can
therefore rise to | evels which can cause i nternal

~ cr ackEm@pedithatia 68081 attﬁa'ngﬁé {ol aeiardst thera%gti'@dtfbﬂ dffl38lid wood of
e

strength of the acetyl a wood. EP 680810 also relies =

Wmmergiad dimenstons; Rt iy deing so &glicp 98 animpragnaléon bieacetic anhydride in

A€ Gbschat Gfk btk DRl n6aS f.qHod

PR oMna! BELIRnte POMDITY R o R RE HER Berd R i ooa.

Baveperatums iimithel woet caattherafore pisd lrievelsivhichaah @Busébhternal cracking and
005/ 07.76 1S cancerned al npst. exclusgively with the .

AT SERSRay GoBnE e RETeT (rssebigon tood. FILASUgH0 also relies

ol the Bhiradté GRS step ofPbst tidhtng B ab&ylaltidSwad St i
appl.icabl e t%éth% short Leﬁéthg o? wood use iﬁg?%gﬁﬁzmphcmns

hage frund dhis ko be lasgely inefigptive iremaving aesidual esetizrcidal | y

unknown in the commercial world, primarily due to the

danmage caused by severe drying of commrercial |engths,

eg 2 Ihterrhtionlrpasent Phislicariph Wa@005Y0D7626Lip @6né&@écﬁé1m0ft exclusively
y

~acetylation fluid to, conmeyrcial wgod sizes, typical )
Ve ia’éiaﬁ?tﬁlgﬁilz of vepodfietovetds rreaningdiisifeeiof all bub ppeps of moisture.
| V?Eil'@ﬂﬁ’st PreBes? imdyasdt aphHEdHIETo thBSK gpg&gfﬁgagppg‘g

ed in tHe reported
nmperature of "the acetylation f ng the
experadnts, oyapdriad woediinessentiallyemitooen frothe @vrinservial whrld, primarily
cracki and chatri of the |nternal
A58 1 P Py Ciie e 5 raT el lasreil kepgiiceiot @ hmetres. The
applicationbf s\genaeatd Ycdtylation flaid te domiRY&AIORSod $i8&! fpitally containing
ihli is illustrated in "Acceptance Criteria for’ i
144 £9Teneigtupg, seubis 8k a Fapid peneratiparaf hgat furtherdnersagingithe high

te‘%xge‘%z?mfél@t' S hes1Bod fdERka it i rch
2005 Enve‘l ope 0 ﬁ:&d%}ﬁa dﬂ@‘ﬂgotﬂe §\%r¥ll ?eqﬁpe}atm inside the wood to
levels which can cause cracking and charring of the internal structure of the wood.

A specific shortcoming of the prior art generally is so-calied ‘envelope treatment’.
This is illustrated in “Accéptance Criteria for Acetylated Wood Preservative Systems” -
Document No AC297 published by ICC Evaluation Services 1 March 2005. Envelope
treatment is the acetylation of wood near its surface, leaving the interior wood at an
ineffective level of acetylation or with no acetylation at all. Wood acetylated to an

ineffective depth can be exposed directly to moisture when the acetylated piece is planed,

profiled or cross-cut. Acetylated wood allows moisture to pass into and out of the entire

- cross section. In the properly acetylated parts, moisture encounters protected cell walls and

cannot be used to s_lipport fungal growth. In poorly acetylated or unacetylated parts,
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treatnment is the acetylation of wood near its surface,
| eaving the interior wood at an ineffective |evel of

wac@bphbmiT on or with no acetylation at all. WpCI/GB2009/000268

acetylated to an ineffective depth can be exposed

directly to noisture when the atetylated piece is

pl aned, profiled or cross-cut. Acetylated wood all ows
moisturg adheres todbe célhwallamtiersit assistst weodundtiing fimighsEhe net result of

Sec

BRBblr Pt i BB ot PR L AL FoB s terit oot o

support fungal growth. In poorly acetyl ated or
unacetyl ated parts, noi sture adheres to the cell walls
wher eOther gargmonsvegsiquresesyationdreatimayits inVokye tlst useed chtonadted copper

' e ' anrts | at .the wopd rots .
FRRltCC AR RS AR RUS. ok Bt BB =01 but unike
fetdaionathesstréat@ehiIRis Sartied Ght\« aiBRntiepRiatGRAH o8Bt involve
copper . arsepnate (CCA), quaternary copper salts,

POHCHEIN 167AI9HENol , and creosote, but unlike

acetylation, these treatnents are carried out at

anbi ent tenperature and do not involve exothermc

r eactRublisatidagloni wexd aetylationvgeoeraly deallveith the fgeta@teatd] ¥hemistry and
eal with e fun ntal_.chem stry and the properties

(i BiongiisS oh S vt SR TS B iedand dhavis bBleclidance on how to

dchielé GolticBRNErBicRAcY RYthe WoRd e &YRI¥R kd4BSL, I1fitle guidance on how to
efficiency in the wood acetylation reaction, | |ttilré

igitintethe eagtiomegepbby Wietcrudeapphieationaf heatnlitie eujstanbs/on hew to
i |1GAh! ' ' how t
st BPRLRhLARA Yy ARlermld b B I B SRR o profile the

temperaregarotiada enubtiplivity df swqodgfiéde€ statledtif AREscBéroahat uniform
pi eces stacked in a

around a nultiplicity of wop o
ARty EtgR 1y t?lﬁ%ff In GieFbPigr et ‘g!oaighew GVerygHess anddor every piece in the
8A8JrY piece and throughout every piece and for every

piece in the reactor. Miuch of the work appearing in

the literature and in earlier patent docunents is

rel eya lelv.to the durability and.di nensi onal : )
st abwcihyo o#'e g%mra fPPeping, %@8 :llf/er?)‘i/'%ep ¢f egri‘ﬁﬁp%tgntcﬂmumems 1s
rélewdit solblgse tisd didhistityoar] difieasibhalstapiliy bsthal® rlaﬁd?@togi %repared

I ncorporation, or the achievenent, of these desira
sypplse Pt aed. s shrdigsrarg ewsentiallysdentandthe incorpanatipryer the

.a@tﬁmnif, dil%;e ldBsitdbEe Px‘ébgﬁiieyq'hkﬁ] gﬁ@é‘r rvyoo%%gzeg,rs%gﬁ 3s walifd be

acetyl at'e

‘commonly used in the building industry and trades, are acetylated.

Thus, the technical problem to be solved is the uniform penetration of wood pieces

~ of commercial sizes by acetic anhydridé using only the penetration achieved perpendicular

to the grain and the management of reaction heat. Failure to manage heat within the wood,
especially at the core will, at minimum, result in strength reduction(s) in the acetylated
wood or in partial acetylétion. At worst, it will result in the outright charring of the wood
due to unreleased reaction heat. Not only must heat management be applied uniformly
throughout the cross-section of each wood piece, it. must be‘applied uniformly to the entire

length of each piece and equally to each piece in a reactor.



- 10

- 15

20

25

30

Thus, the technical problemto be solved is the
uni form penetrati on of wood pi eces of conmercial sizes

wdyooaoeicsT anhydri de using only the penetrati oPCT/GB2009/000268

achi eved perpendicular to the grain and the managenent
of reaction heat. Failure to nahage heat within the
wood, especially at the core will, at mninmm result:

i n st Méonrst dnrakibityds peri¢eed Hyrprotesting theyrel veadl foro dumgal growth, which,

i al- | ation. A rsty, it wll result in the .
Pk B e e B 3ion YRR Y arble s el ERRbe o Pk Bt be done i a
ugiderin fashiog atrosdNbE eptiteywsddspietteat nmanagenent be
applied uniformy throughout the cross-section of each
wood piece, it nust be applied uniformy to the entire
| engt by;.q | ene . pi ina .. .
react Rl BB AR, el BRI G fick to s areen
v,tﬁhinevwsithout pxmedi?gl gmgelmiO}AMts oftthe bell wall.t A:gﬂin, theamustete done
t conversion o r,ox groups to acetyl groups.
WﬂﬁgnﬁﬂgFo égﬁﬁﬁgeﬁ#qg ® orm fashi on across the
entire wood piece. D nensional stability is achieved

by swelling the kiln-dried wood back to its green
vol urkhug, thequeseniipeerdiongrotvidesd process for thie meetplatiph ef wood

o C . I&l f\éin, this nust be done uniformy across
ERopristfh e 688

od piece. Thus, the present invention
pr @i desn arqcneeprsdudd véseel sabriehding wobd Bhvine @noisture content of 6%
conpr|5|ng phe steps:- (a) in a reaction pressure
vessel - &by wrighids an pestyiagon fiwid aatempershire af 1¢°C ©9620°C
t 010% i j i PP .
t ol Ter b ereBLgThe bRoGRy BEEL YRRE! & ot o Mibesiogof 040 300
inthe wesgtes to 2 to 20 bar for a period of 10 to 300

mpytes _(c) .renmoving excess,acetylation fluid fromthe
vegcﬁel (%?g‘fl?ﬁ ?’Ef&ﬁ?c?gcﬁa')f‘?tfﬂ"oﬂ‘f‘azméég’gé’lessg inert fluid,
Ci (dul atdtiduang ikie @d ‘J‘Hﬂséé Bﬁ_iﬁérﬂﬂ@idyﬂ}édlatfdéeanh 1%2‘? e fluid until

tenmperature of the wood begins to show an exot
cont r ol thergtermabtemnpsptyrestt theewpod beginetovsbow amrexiothermgcontrolling
exot her g, . | L0l he . nt ernal o
‘tenpera Srsgp%l?@hgét\?\%% A o%&t?.}g%%g)tﬁerm 1S compﬂa?e and maintaining
 the internal temperature of the wood below 170°C

(e heating the circulating fluid to a temperature of 85°C to 150°C for a time of 10
to 30 minutes to initiate a second exothermic reaction, controlling the supply of
heat to the wood until the exotherm is complete and maintaining the internal

‘temperature of the wood below 170°C | |
® removing the circulating fluid and allowing the aéetylated wood to cool to

~ ambient temperature.

In (a) the moisture content of the wood is preferably less than 12% by weight, and

desirably less than 8% by weight. The acetylation fluid may comprise 60% to 95% by

-volume of acetic anhydride and 5% to 40% by volume acetic acid. Preferably, the fluid

comprises 80% to 92% by volume acetic anhydride and 8% to 20% by volume acetic acid.

Desirably, the acetylation fluid is at a temperature of 35°C to 55°C.
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(e) heating the circulating fluid to a tenperature of
85C to 150C for a tine of 10 to 30 mnutes to initiate

w@2@e0e5s87 exot hermi ¢ reaction, controlling thepergpkon9/ 000268

of heat to the wood until the exothermis conplete and

mai ntai ning the internal tenperature of the wood bel ow

1700C (f) removing the circulating fluid and all ow ng

t he abetb)ithe prasswooia the vessell is preferably émtreasedpe i dtait £bar for 30 to 90

bl ey g BPARObi 5 b ooy S Bel R thoneaypd

PREGhsatichhwitAaetfoplenid prefdrfedibht 6MYr HOATRRsESsRA% arbdn Woxide, may
by vol une of acetic anhydride and 5% to 40% by vol une

lsebsusedei d. Preferably, the fluid conprises 80%to

92% by vol une acetic anhydride and 8% to 20% by vol une
acetic acid. Desirably, the acetylation fluid is at a

t enpelacybeexdesSBEnéant 5& htior f)id Witclph&Sfol ifipicinitB@ the wood. It
[ referably increaﬁgd to 10, to 15 bar for 30

vessel is / Ol
rpay @re!ﬁlqyﬁaégp’m g}gﬁgﬁqf%veéq;p K &Sing exisHRE Pressirg mth.m the vessel, eg
I\s/:ivlht RN BfcelthenWRAt I £st8Bgt {f@s"élﬂg?r IID)E %ﬁﬁﬁilﬂ 'tﬁ@hhﬂrl)uﬁ while

th nitrogen is preferred but ot rt- gdses, suc
maintagihg A niffagen gegssugyn theswesspd used. In (c) by excess
is nmeant acetylation fluid which has not i npregnated
the wood. It may be renoved fromthe pressure vessel

by usng) @ iidri NGANI.&5MEE WHiEHddEs nBEre¥&ISHIh ace®i@ anhydride or acetic

nitrogen gas, to force the fluid into a storage  ~
agidy defypicgily BYScaUnPitiogen.tgasqaug icerben diaxide e fingi gas.awhichds heated to a

| e qi he inert .

pBbAPOBEIBESTRUS 120, P S55kpce Dl Bl i Bphpiesion or e
ezntigon i Odetentecharet monitared py itleeringpoupddsl lycayasmabs mod.‘h In some
.ni.trogen, gaseops. .carhon dioxide or flue gas, ichis
iFRaCER) (1,25 op e M o E OB, Faghegrially o A8y Satpated with non-inert
ABOTTERG AR ind/ o 614 AT sCA Pz 1RfIn 9o B Fult Xl %

i s det gct ed and m)r%i t ored bsy t héeI%Dcoupl es | ocgt e ?iIBﬂ‘(IOO/).

the wood.  In sone instances, the gaseous fluid, eg

i t , ] fully . ted with. . .
T O R —
teraperatargef the owod Qdeteded by thesibevuples PekcedfAN 70°C, preferably not
exceeding 155°C.

In (e) the preferred circulating fluid temperature is 100°C to 135°C, and the

preferred time 10 to 15 minutes.

Dufing the cooling df the aéetylated wood residual acetic anhydride and acetic acid

by-product may be removed, for example, by evaporation under vacuum.

In some process circumstances it is preferred to reduce the moisture content of the
wood to be acetylated, by first introducing the wood into the pressure vessel and reducing
the pressure therein to, for example, 0.05 to 0.5 bar for 10 to 300 minutes, preferably 30 to

120 minutes, depending upon the permeability of the wood, before submerging the “dried”
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In (d) and (e) it may be necessary to cool the
circulating fluid to avoid the internal tenperature of

wo baowesss? (det ect ed by thernocoupl es) exceedi nBCT/GBO@I/000268

preferably not exceeding 155C. In (e) the preferred
circulating fluid tenperature i®-1000C to 135C, and

the preferred tine 10 to 15 mnutes. During the

wooll iman adetylhoratdeitly The sacumoos coseerderdly reizatédcby allowing the
an@xdrid .qu acetic ag%d %yéﬁroduct may be renoved,
1y g 0 FUCE I SEACHPR ¥78S8hder vacuum In sone
process circunstances it is preferred to reduce the

moi sture content of the wood to be acetylated, by
f i r st Theypregens dnvegtiomis afpedicular yakudn thesssiylationad seinmercial sized

865 PE5or Ty BRI ol i i ool PRl ragprtis. The

in0eritid iSespeciasly afpRQBLY BOviodqiledel € BeadBRARCH it ¥t 104st 1% by weight
wood, before subnerging the "dried"wood in an -

acel gt their ggomptiical cenfre Whikh inye iasvidnofefnonar? angs tos)0ceamswd thickness

 $Bhéth b%‘?ﬁﬂg 1"62‘1%18?%3 y lcﬁg{.ho& fidnf1 S rﬁlgtrgsnt})eéo gnlg?res. Preferably, the

reaction vess e pr sent rnvention 1s o _
werd piecdsdrave alwidthi of ftdne2 amstty [l @cinsa tiickaess & fedral2 cms to 10 cms,

si,zed 0 i eces, resulting in acetylated wood with
atﬁ‘ﬂiafelsl?%ggg‘%ﬁ’r g'gi“&?tﬁ?ﬁlt‘é“'brnb ties. The invention is
especially applicable to wood pieces to be acetyl ated

to at |east 14% by wei ght acetyl at their geonetrica
cent rieisvgmi igporfantecharagfedistic of the acstyRtedrmoadof3be presentanvention that

1 hj e of;,. from?2 ens to 16 C and a | ength of
S Ry g slhedtC e BRef e N it for wood
apetgaeion packesses destiribed in the rivPart (reks@lt #r€d¥8d wood having a darkened

t hi ckness, of from2 cms tq_10 cns, and a | ength of
of Bbﬁ??li’.“?dr?é‘fﬁa%% whiclycay signifieantly detraef feom themssthgtie appearance of the

prORIcACIShE ?ﬁéstgntgfwérﬁ%n?s%@ﬁ ¥ r&difids W?é?}g ogﬁrf e PnA3ARId it occur, can

I nvent i on at 1t retains essentially a IS origrlnal

readilyrbgtramavetl by pleaniagcending or rafdimgoOtherbenefi that have been
acetyl ation process described in the prior art to .
R P B e e anel b g acine workabily.

di scol oured surface, which can significantly detract

fromthe aesthetic appearance of the product. In the
pr es dntasenyhsig e woodde b agesylated hpga highaneistise contenicalow

| p@%a@hﬁy,l g4 ﬁigﬁ) ﬁgﬁyity, ftdfhy ve necessary for a second impregnation with an

acetylation fluid followed by a second acetylation, to achieve the desired acetyl levels

~ (steps (a) to (f) — page 4). In such cases, partially acetylated wood according to the present

invention, still partially wet with acetic anhydride and acetic acid, has been found to take up
more acetylation fluid than expected, and can do so without the action of hydrdcarbon

diluents to assist in penetration or acting as a carrier fluid.

The present invention also provides acetylated wood having unique, ie not hitherto
known or attainable, wet stiffness (modulus of elasticity) and wet strength (modular of
rupture). In the case of radiata pine, unacetylated samples were found to have a dry

stiffness of approximately 10540 N/mm2 and a wet stiffness of the order of 6760 N/mm?, ie

a loss of 36% in dry stiffness, whereas for the same pine after acetylation the corresponding
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readily be renoved by pl anning, sanding or profiling.
O her benefits that have been recogni sed are superior

wowrd9sbickT ness, di mensional stability and machP@EGB2009/000268

workability. In cases where the_wood to be acetyl ated

has a hi gh noisture content, a° 7 ow perneability, or a

hi gh density, it may be necessary for a second
respltefmatiffoesswarh IQGO%Némyxlz and B690F W/mirel, fadbésovfesti fiayssaof less than

§§ o?xgmof g’t A "I/?fe 3re{1%e 1?$ %?\}14(&35@6 Bg}el;pé qlprg%gégtute BSI). Also,
fRrdctldtad we6d Mérﬁﬁc%%éé@%‘ﬁl%ﬁ@f tth vé@dﬁﬁﬁsﬁﬁﬁﬁgﬂlgtg in terms of

i nvention, still parti al wet WI acetic an
Eadipl ae@ﬁneemﬂl @hrnﬂ@geb‘éhfm fompraged with ak@emiatmb M@od (methods for the

Hﬁe ac %Ig?ﬁo%dlﬁyag @Bﬁ‘)ﬂpgﬁ%’ggt@ r‘;V%S %g Ollla?‘ﬂ‘meme&g' See Table 1

peow whtteorrplittleahiinkagehas oCduitel 8 tHe deb§latddh@nipl&s ent
i nvention al so provi des acetyl ated wood havi ng 'uni que,
ie not hitherto known or attainable, wet stiffness.
TRPdY! us of elasticity) and wet strength (nodul ar of
Tupture). In the case of radiata pine, unacetyl ated

: sanpl es were found to have a dry stiffness of

nJ_u;‘l f\E/Iﬂ I&JLva anl S

/\I IIuLC WA b AT EEnn B An N )

wet—siffnessof the
) Qrsaé‘PP1876d{W‘ﬁ'nQ ie aBoss of 36% AAngential T,

st i ffness, WRHLGAS ! t h&isane pine et yl atTon
t he corresoonc# nlggul ts for stlffnesggql/v'ggﬂégge%oz

Ruidat® Pived 9690 N'nmR2, a | oss of stiffness of |ess than
100/ Qfg‘e 3160/ (referen % BS EN 408: 2006 - British
H S l|]t te - BSI()(:) 3al so, the hcedyl ated wdbdl

&a@m&swgs K,puficantly inproved di mgpghonal
stability in ternms of radial and tangential shrinkage,

when conpared with unacetyl ated wood (nethods for the

dBAPIA rrent of radial and tangential shrinkage in wood

docunented). See Table 1 bel ow, where very

v'dnad:dtylateslhrl nlmge() has occupiBed in the aretyl ated 0.29
sarriol es Wod Sanpl e Radi.al Tangential |

¥ R 20§1r| nkage T i Radi ata Azf&7unacetyl at ed
R 1.2 0.33 71 2.2 0.32 ‘

Beech
unacetylated R 1.2 0.58 Ty 2.5 -0.44
acetylated 20% R, 0.7 T, 1.1

~ * at 60% to 90 % relative humidity

Preferably, acetylated wood pieces have a starting width of 2 cms to 30 cms, a
thickness of from 2 cms to 16 cms, and a length of from 1.5 metres to 6.0 metres.
Desirably, the wood pieces have a starting width of from 2 cms to 10 cms, a thickness of

2 cms to 10 cms, and a length of from 1.5 metres to 4.0 metres.
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acetylated 20% R2 0.4 T2 0.7 Scots Pine unacetyl ated
Ri 1.0 0.30 Ti 2.4 0.29 acetylated 20% R2 0.3 T2 0.7

w@emolviseacetylated R 1.2 0.58 Ti 2.5 0. 44 acetyGab@d/000268

2000R2 0.7 T2 L | * at 60%to 90 % relative humdity

Preferably, acetylated wood piekes have a starting

width of 2 cns to 30 cns, a thickness of from2 cns to

16 cnifhe predest ihesngioh abb otfetthd ubiq® pf@pedt@f @1&1ﬁﬁlt£&‘é>us upgrading
si rabl t he. wood pi eces _have a_starti wi dt h of

P areAveRities P rommciabwped siRerdyingra patisl dyigbility elags 4 or class 5 to

- @bty A8 NoLdlads0 rRé'feé?éff%E %%519 rékogn 4 R 1 ?I” Jyood species

pr esent 1 nventlon also o prospec
direbitityngratingeteuised pyg thedBwiyling Resagh EqimhﬁshMBE(SLtd]‘ Garston, United

KPUEh, o8] pilged i FRE Tk 20 (%6 (iBlackd b7 et o 1999

Ref erence the wi dely recognised "five-level" wood

. species durability gradlng devi sed by the Buil ding

Res eat(dpssHsisdgrmedagevery I@melﬁares&byearwnr tree, Kif iy g@omand contact with

est .2 85 (replaced by
%ﬂ‘g%‘gﬁ%@{]&%&%@‘)“ m%?a]%(s 173 dtkef Y2as "ver y
durabl e", ie 25 years, or nore, of in- ground cont act

W th mnlrral | oss. of strength or nass. mla) ‘1 eak,
r obi ni @las istermed as @Q{%‘?E‘d’ igsgreaterrthan &5 years byy less than 25 years of in-

ér@ﬁ{ﬂ dontaE Hith rﬁﬁ'ﬁmh ihRakn r‘é o ﬁﬁgf r??(fa.mbﬂag M&gcan white oak,

contact with mninmal Toss 1 streng
@s&mlr@icedaerl can vvhlte oak, western red cedar d ass

3 is terned as "noderately durable ie greater than

10 years but less than 15 years of i n- ground cont act

W t h CIRss s thed Af“ntddeRfdy QubleBR SredrafiR €0 years but less than 15
Eur opean | arch, sapele

-years of in-ground contact with minimal loss of strength or mass. Example: European

larch, sapele

* Class 4 is termed as “non-durable”, ie greater than 5 years but less than 10 years of

in—ground contact wnh minimal loss of strength or mass. Example radiata plne yellow

pine, Douglas fir.

* Class 5 is termed as “perishable”, ie up to 5 years of in-ground contact with

minimal loss of strength or mass. Example: poplar, European beech.

By.improving the durability of plantation grown soft woods the acetylated wood of
the present invention can be substituted for tropical wood, and for wood treated with toxic
chemicals such as arsenic, copper, chromium and pentachlorophenol. In addition to the
commercial advantages, the benefits to the environment are self-evident, némely, a
reduction in the use of native tropical hard woods and the avoidance of treatments

employing toxic chemicals.
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Class 4 is termed as "non-durable”, ie greater than 5
years but less than 10 years of in-ground contact with

woewmedest oss of strength or mass. Exanpl e: r aPiCBGB2009/000268

pine, yellow pine, Douglas fir., Cass 5 is termed as
"perishable" ie up to 5 years ©of in-ground contact

W th mni rrF | oss of strength or mass. Exanple
popl aft Sigmiheasd advaniagerpt ﬂeypruemrxr Bventon rséhodwyarg of thy acdtylated wood

| at ed
e R b e n? Mk 08 Ao MR Ry B EpBPE TR AbitFwhen
gmoous) msradrthmrgﬂ condeised Wheteha ixtue sfesiicalié by Frﬁtuuct and
as. ar.senic, Q hr om-um and pent achl or opheno
ﬁﬁﬁP@Fﬁﬁ“QﬂﬂpﬁE & BAYCIERPVefy ant ages, the benefits to

the environnent are self-evident, nanely, a reduction

in the use of native tropical hard woods and the

avoi dAanetherofignifieatt raémma@"q:ﬂth)g/cmgent bwientmhe thatahesliduid mixture
signi f i, cant .advan e. of i nveption. s the
GirdPies® BP 18 CLERLGE i QoiE b Remoniec i boiting point wood
&Xitiacty had detdis, aRistavbidin V%thb!%@éil foR ah BRpASRE YE@VER Drocess.

reacti on. The fluid (when gaseous) |s passed t'hroug
condensers where a m xture of acetlc acid by product

a0, el B £SO 6 TRV B B e s

~ tolflasH dlqtlllll tile higaddto efreom@nse@bpafamn toh EheQicER¢/4c3d iffdh the anhydride.

nert fluid is free hi gh- boi | i ng poi nt
U Sheonstef EriS afi T herLbe THi6 2 Kpione PGk HBe aetayered acetic
aﬁHy&iﬂ%@‘Ec%}cYte to@ROWBDY a@ét?ﬁﬁér? rodkss! €ast two options
are available for recycling tﬂe recovered |iquid

m xture. One is to flash distil the liquid to effect a

crud on. acet i C fro
by REBRI BRUSTisIh ol T A SR D Ao 0 ekiCad el itas
tédhnﬁak@h@&"ﬁ:léf bk &hused@tdeﬁrf@h[y&ﬁ@é/ &J1RGted ¢®tHeCcondensate i s then

anhyg ec cled to the wood acetyl ation process.

3oty yiom RIp¢ess.acetic acid from the
recovered I|qU|d, and sell it as technical grade acid.
The unused acetic anhydride collected in the
conddhe ptesentsnyéntionrusesuhighgréssurk higuitoddomatepiphy (HPLC) to quantify

tHe &2&GR5on concentration resulting from the saponification of the acetyl groups. This
gives a direct measure of acetyl content rather than gcneral weight gain. Arld, it can be
applied to small areas of each acetylated piece. In addition, calibrated Fourier transform
infrared spectrophotometers (FTIR) and near infrared spectrophotometers (FTNIR) can be
used to measure the acetyl content of slices of wood that are 2 mm in thickness and 4 mm x
2 mm in area. This allows confirmation of acetylation on pinpoint sized spots and allows

the gradient of acetylation across individual pieces to be viewed.

The following examples are intended only to illustrate the present invention. They

are not to be taken as limiting the invention in any way.

Example 1

About 0.4 M? of rough-sawn, radiata pine boards from Chile, with 11% moisture,



10

15

20

25

30

The present invention uses high-pressure liquid
chromat ography (HPLC) to quantify the acetate ion

w@onemsdesat i on resulting fromthe saponificatipor/oB2a0km00268

acetyl groups. This gives a diﬁ ct nmeasure of acetyl
content rather than general weight gain. And, it can
be applied to small areas of each acetylated piece. In

wegi separated vath by mmne stidkersrviegicatly and horizntalfy. The doards were 3.9 meters

t h t FTI. d i d )
 RRECSIMIBRTIETD hibik Rl foRgded ollm B0 Sanmepdiwith gome
asiwobd CTHY wbbdd Ghs fdadé®mt®i 2\5Q8ict ader ﬁﬁlﬁld%aﬁi'é‘itiy'}eaction pressure
OWs

thickness and 4 nmx 2 nmin area. This a

eserli Thearased voe equippyd with argas pirpilatingi leopsi zed spot s

and allows the gradient of acetylation across

i ndi vi dual pieces to be viewed. The foll ow ng exanpl es

ar e i Gptioraig, ovacpuirowad dpplied af the bberder B #RipréseriahPle the vacuum

The ar e ot to be tgken as |jmting the invention in )

iR, 021585 asoluts, 3 oA appliechigr 39 Miavig.- Ageilatipa duist Q0% acetic

A ; Chid £ i 0 .

A Rl Eld R e lT] S BilffoSelease the vacuum and

shbmergseach bgard TINdrdgemmas usedrte itréasergheepressuenty D0 B absvlute and

L o 5 B GRTRERA e Rlnd B S BAS ncning 1.5

| t@mkﬂlﬁldgmrﬁs"oﬂmcgﬁagexqamgﬁd:ﬁuf%@&ti on pressure vessel.
e

The vessel was equi pp with a gas circulation | oop.
Optionally, a vacuum was applied to the boards. In the

| ) . 2 .ute, ,. .
B ook, Soepedfec (DR M T A N el 35 PR b Bistia for the

agetplation amabtiokr.iThe punpbst 0¥sawmating thegias with et filydride is to avoid

e ihIge taskn RRn i 14 s bgedS i helore and Honioe seetylpon. The
cREGEEM Bop Bad @ g@ﬁﬁn@&sﬁhﬂ&ﬁ)i@ﬁgmﬁ? I\Aﬂﬁélp\'bhgrpccfﬂlﬁﬂ%f@ith the volume

The free liquid was drained | eaving the saturate
opthgrrepsteroproyidedragproxdmatelylsixycudii¢ myteassf gifs fbi ¢4iM3 pEwood. During

i SO P I prdro Lk SPRS RTIaoRE ot et T o' bar
abwodity.l ati on reaction. The purpose of saturating the

gas with acetic anhydride is to avoid evaporation of
acetylation fluid at the wood's surface before and

duri ReheAGRE ¥nPerlire offife circulating gas reached approximately 60°C, the

reaction between the acetic anhydride and the moisture in the wood, and the acetylation of

the wood, began. This was evidenced by an increasingly rapid rise in temperature measured

by thermocouples inserted into several of the boards. Heat generated by this reaction plus

some additional heating by the circulating nitrogen increased the temperature inside the

- wood to 130°C to 140°C, where the reaction between wood hydroxyl groups and the acetic

anhydride began.

During the acetylation period of approximately 90 minutes, it was necessary to

condense some of the acetic acid-acetic anhydride vapour to control the pressure and

~ temperature of the circuléting gas. The recovered liquid had a composition of
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in gas circulation | oop varied

circulating | oop had a volune of four cubic neters,
whi ch when conbi ned with the volune of the reactor,

W@ e@9iogf87 appr oxi mately six cubic nmeters of gaBRCT/OB2@9400268

MB of wood. During the aCetyIaHLon cycle, the pressure
étween 1.1to 1.9 bar

absol ute. Wien the tenperature of the circulating gas

pEeHiBatedp progetiaamdiydrido and P56 acetécadidn bet ween t he

acetic anhydride and the noisture in the wood, and the

acetyl ation of the wood, began. This was evidenced by

an i nar tiaehd of theraaplythtionhRribd) rhGRTE Hidl uuSedBREY hBRY d?¥e and the

t her nocoupl es inserted into several of the boards.

hyeBiodyehRertin acid wyre ¢andensed dromy thepsingslatingraas diie teropexature was

: | | ) i Itk ' sed the . )

RGNl SUAE 11T, T tDREDATEERTE e hTatte materials 1o

thé surfeea of iterboasdsvand evapuoratehlydh ity theggag YfrsardMhd REovered liquid was
[ the acetylation period

aceti.c anhydri de began. r
(Gl S 6F Whier ang WG CRmAREDE 7 10,036 aeisbipiyde &nd 96% to 979%

deomdsinge some of the acetic acid-acetic anhydride

vapour to control the pressure and tenperature of the
circulating gas. The recovered liquid had a

conpa@s| 1.0 f roxi,mat ely 5% aceti.c anhydride an

95% ﬁ%ﬁﬂuycﬁlg%"g‘? *REC ?ﬂ%& f@%p%?*’v?ﬁ © Qteé’t?f‘éf'}eér?%ﬁ%tr ¥d5o%r,ams to 30

graxfiofdcetib aeid Puskitb e of vodd X8y keleacl Rt peiEctidtis Refdifioved by
cetic acid were condensed fromthe circul ati ng gas.

& eapsiangerurefilipg i ncreased gradually to about
1300C. These actions conbined to drive volatile
materials to the surface of the boards and evaporate
t hemTihatupusedercetarsardtydadenwad heailabledfoereedvéry Gt ahs¥VAS water had been
totally free of water and was conposed of 3% to 4%
aﬂ%@ﬁf’ﬁ%ﬁ‘?’ﬁé&?i de and 96%to 97% acetic acid. Finally,
the boards are dried to a point where they contained

about 15 grams to 30 grans of acetic acid per kil ogram
of wdbe acetylpted hopris avarenfrumidde havmaretyd contentyof 80 th91% at the

‘ i,08, j ofiling. The unused acetic
Sanﬁyg/gplgég%\%gg%%gg% Tr;'e for recovery because no water

had been -

- Example 2

Approximately 0.4 M> of rough sawn, southern yellow pine boards, which contain

12% moisfcure, were separated vertically and horizontally by 15 mm stickers. The boards

- were 3.9 meters long x 40 mm thick by 140 mm wide and composed of sapwood with some

heartwood. The wood was loaded into a 2.5 M? liquid capacity reaction pressure vessel.

The reaction vessel was equipped with a gas circulation loop.

Optionally, a vat_:uum was applied to the boards. In the present example the vacuum
was 0.1 to 0.2 bar absolute and was applied for 30 minutes. Acetylation fluid (92% acetic
anhydride and 8% acetic acid at ambient temperature) was used to release the vacuum and
subinerge each board. Nitrogen was used to increase the pressure to 10 bar absolute and
held there for 60 minutes. The free liquid was drained leaving the saturated boards

ccontaining 1.0 to 1.2 kilograms of liquid per kilogram of wood.
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added to the system The acetyl ated boards were found
to have acetyl contents of 20 to 21% at the surface

w@nahodse8D 20% at the core. Exanple 2 Approxi ne¢EGB2@9400268

M of rough sawn, southern yellgxlpine boards, which
contain 12% noi sture, were sepafated vertically and
hori zontally by 15 mm stickers. The boards were 3.9
neters long x 40 mmthick by 140 nm wi de and conposed

of sa od with sone, heartwood he wood was | oade . .
"t o R n it BT W Bhet R nadifs rop atspeed o the heating media
foe deecetyldiRnre@tionOThy/ fEH6de OFRBuAAIAERRE SasWvith a@et&ﬁﬁhydride is to
circulation | qop. Ogtl onal ly, a vacuumwas applied to

a

veid psperation of agirlafion Huidtat theaswplaee oftbe wenod hefarasnd daring

2 b l far, .3 1 nut es. .
Sreafufony Phe BpReioBhHad E50RR Ar I JunizR y Rt EBined with the
atirde af thentdctor ptovidedrapproximatelys MS of ghfor 6l £RE 8f WaBd. During the
vacrunman sybnerge each hoard. Nitrogen was used to
R [A1198 231 g PEsSiedn £8s cltpuisiion arovatied beweatel. ito 1.9 bar
dbbsine. for 60 mnutes. The free liquid was drained

| eaving the saturated boards containing 1.0 to 1.2
kil ograns of |iquid per kilogram of wood.Ntrogen gas,

satungted w.th acetic.anhydride vapour, was used as
Che. nERE 108 thrlmP Ty (R SHaish EbiTGiPbed ABbToS Al S0°C, the
reackipn detwien 28éti0 Ahydadd ARl We oMl iR ERE WEodb h'r TR wWas evidenced
e

to avoi d_evaporation of acetylation fluid at ‘
by gpfingreasingly Frpidupiselindemperatusg medsirechby theomytaunlesrinseTied into
i ' ' f VB i ch when .
SRS B0 L0 BT s b B R ER sopovimacy
120%¢.oRurmg dliy fifst Mdodfacestatibn period] apfroRfmmelgd0 Minute’lit was

t he ac§t¥%gfion C cueh t he, pressare in gas circulation
PEFSTFTY  rUteBs et olhg pcstis agidiand ages dridgenpurtie control the
ghepressuad M{c?th@fterhg&aﬁké' Stth@tirdflatdiSods S Rovered liquid had a

approxi matel y 800C, the reaction between acetic
campgdvioniel anpdoximateln il @%owacetiq anhytddevarsti9Wé gactic adid.s was

evidenced by an increasingly rapid rise in tenperature

nmeasur ed by thernocouples inserted into
At the end of the first wood acetylation period, some of the unused acetic anhydride

~ and the by-product acetic acid were condensed from the circulating gas. Vacuum was

applied to the reactor to withdraw spent acetylation fluid from the wood. This fluid was

pumped out of the reactor and vacuum applied a second time.

A fresh charge of acetylation fluid was used to relieve the vacuum, submerge each
board and impregnate the wood for a second time. The composition was 91% acetic
anhydride, by weight, and the balance was acetic acid. Nitrogen pressure was ‘applied to
approximately 10 bar absolute. After a pressure period of 60 minutes, the excess fluid was

pumped from the reactor and the circulation of nitrogen saturated with acetic anhydride

~ started at a pressure of about one bar absolute. The temperature of the saturated nitrogen

30

was increased to about 90°C.
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several of the boards. A second exotherm from wood
acetyl ation began at approximately 120C. During this
WO 20081093660d acetyl ati on period, approxi mately BOI/GB2009/000268
mnutes, it was necessary to condense sone of the
acetic acid and acetic aphydride vapours to contro
‘the gas pressure and the tenperature of the
recovered |iquid,had

' l.ati . The . .
AR B Bl h S s o SER U000, S idetieh Ry inerersingne
pressure @6 éieqilatingais And Alcrédimgaat p&rhndimédstidd BYORmocouples at
acetylation period, sone of the unused aceétic

the core of s¢Xealiheardsnep aditipnal beas das @pakied fodheeirenlatirgeas. As the
pressure i?g:@?%ﬁ%@‘ijf oA} P%ﬁavl\)ngélk uhﬂitd' W %%ﬁénst\c/?/ | :??qnﬂu\r’q\l%?rfﬁ%%ghlg ggs

e reactor Paw spent ace
to reduce pressre hed/op ceducd teinpefdturie AT heconmpusfiRe uhe &dndehd fluid was

| t . lied ond time. A fresh
30% t0 4QUR R agPy idt A et Pai gL 0 7 ef T eve t he

vacuum subnerge each board and inpregnate the wood
for a second tine. The conposition was 91% acetic
Aftariihaisacded wopdaeétylation peribd ¢fappeiximate]l yweGmianeés, cheaci d.

temperald 6 RP B BFREM Db B e B0 RO PIEE it iGulimes ne

condensedff6a%Sside strednV\GSthe viFdatidg @) the reactor and the
~circulation of nitrogen saturated with acetic

anhydride started at a pressure of about one bar
- urated nitroge
ThSeaRtidhecontfified MR fie Myerdfs hY SRREH oF s AR and
evaporate theet intatheqas slmeamunder way, as evi denced by i ncreasing
pressure in the circulating gas and increasing
tenperatures neasured by thernocouples at the core of
Thé 8¥&@Y1edonRe@bFhe bagrdd Yehs bR to RERL FrY¥RD03B ?I.bb/oeﬁ tﬂ%sﬁrﬁ%e
circulating gas. As the pressure’increased to 1. 0
to approximaely by toab&6atithe cord.ui d was condensed fromthe
circulating gas to reduce pressure and/or reduce
tenperature. The conposition of the condensed fluid
A foether3é ¢xampdés are dethitedhinhiiiel folldeving tabld:he bal ance being
acetic acid. After the second wood acetyl ati on period
of approximately 60 mnutes, the tenperature of the
circulating gas was gradually jncreased to 1300C and

li'qui d was condensed frgmlﬂle%de stream of the

circulating 98R,giata  Yellow Mason

Species Pine Pine Beech Poplar Pine
Thickness, mm . 100 - 38 25 40 38
Width,mm 150 145 120 140 145

- Length, mm 4,000 3,000 2,000 4,000 3,000
No. boards in reactor 616 2,287 4,687 1,704 2,287
Horizontal space, mm. 50 20 15 15 20
Vertical space, mm 15 15 15 15 15
Density, kgs/m’ 470 505 540 1430 540
‘Moisture content, wt% - 10 ‘ 7 8 7 9

Vacuum time, minutes 90 _ 45 60 35 90




These actions conbined to drive volatile materials to

the surface of the boards and evaporate theminto the
w@amIstioeam The acetyl content of the boards PeEGB2009/000268

fornmed to vary from20 to 22% at the surface to

approximately 15 to 17%jat. the core. A further five

exarrpl es are detalled in the following table :-

Popl ar Pine Th| ckness mﬁmnBS 25 40 38 Wdth, mm
150 145 120 14Qaafh'iaLengtymlomn 4,000 3,000 2,000 4,000 pason
Species 3 000 No. boardpjhd react pfH616 2, ﬁg& 4, 687 ‘JOPHM Pine

287 Horizantal space, nmm 50 20 15 1 20 Verti cal
at02bals(pat;@1alm¢p)15 15 15 15 15 Density, kgs/n8 470 505 540
ﬁ? 5140 Mbi sture content, W% 10 7 8 7 9 Vacuumti ne,
Weight ofpeetylaionyy 45 60 35 90Sout hern Radi ata Yel | ow Mason
. fluid deligred tees Pi ne Pi ne Beech Poplar Pine at 0.2 bar

tor, MPPti onal stemo Weimht pfo @byl 3 ui r ed
reacton, to reactor MI 120 to 125 120 to 142?111 é4 tgzngSUfg 120to 125

Temperath@bofl 20 t o 125 Terrperature of
acetylation fluid at

delivery time, °C 25 28 28 25 30
Acetic anhydride

~ concentration in _
acetylation fluid, wt% 91 86 92 92 88

Acetic acid
concentration in

acetylation fluid, wt% 9 14 8 8 12
| Acétylation time, - ‘

minutes 120 90 ‘100 60 100

Acetylation preSsure, .

bar ‘ 11 15 12 12 10

Temperature in boards

at initiation of water _

reaction, °C (first ' ' 55 to 65
exotherm) 50 t0 60 60to 65 60 to0 65 55 to 65

~ Temperature in boards
at initiation of wood

‘reaction, °C (second . 120
exotherm) 120t0 130 115t0 135 120t0 130  115t0 135

Acetyl content achieved, |

wt% - 20to22 17 to 20 17t0 19 16to0 18 14 *

_ _ Window

End use frames Decking Cladding Canal Lining Decking

* asecond impregnation, similar to the first, increased the acetyl content to 20.5%.
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acetylation fluid at delivery tine, 0C 25 28 28 25 30
Aceti c anhydri de concentration in acetylation fluid,

WO 09sk886 92 92 88 Acetic acid concentrati onPCTIGB2009/000268

acetylation fluid, t%9 14 8 12 Acetylation tine,

m nutes 120 90 100 60 100 Acetylation pressure, bar 1

1 15 12 12 10 Tenperature .in boards at initiation of

water reaction, OC (first 55 to 65 exotherm 50 to 60

60-to 65 60 to 65 55 to 65 Tenperature in boards at

i ni t iRfteGWotikapig us@gat4 M of Mol wed imthe R exxmiplasnuhg 37 t0 40

O to 130 115 to 135 120 t 1
Mo, aeiggdarocapssnibey Iheh g Cigs 1Rty bemerpured
aﬁ‘foﬁ‘%‘%t‘fééﬁgS&QQdﬁfosb?nes Decki ng O addi ng Canal

In each of the seven examples, the acetylated wood exhibited improvements in

dimensional stability of at least 70%, measured by anti-shrink efficiency, when the samples

were cycled between oven dry and 90% humidity.

In each of the seven examples, the UV stability of the acetylated wood showed no
measurable degradation in the 16-week accelerated laboratory test described in

BS EN 927-6 (BSI) or in one year exterior exposure tests described in BS EN 927 — 3:2000
(BSI). ‘

In each of thé sevén examples, the thermal conductivity of the acetylated wood was
reduced by approximately 40% when measured either parallel to the grain or perpendicular

to the grain.
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a second inpregnation, simlar to the first, increased
the acetyl content to 20.5% 1In the two exanpl es using

w@20b98B68fT wood and in the five exanpl es usi ngp@lGB2004/000268

MB of wood, acetyl ated wood vvaj obt ai ned whi ch had
Cass 1 durability, as neasuré 64ccor di ng to BS EN
350-1 :1994 (BSI). In each of the seven exanples, the

- @btdmg| at ed wood exhi bited i nprovenents in di nmensional

stability of at |east 70% neasured by anti-shrink
efficiency, when the sanples were cycled between oven

Hry apgro&is Ratthéladeyylatidh SRGELdomfIBireNe late§g< anpl es,

the W stability of the acetylated wood showed no

s uinetbieactimgpragsard n3sdl subrhersing- wieaskhaying4 moisterd content of 6% to

an0! 20R% Ephefl SR SEDEHoh Pl SNerdg s, 85 0-goads

9% - indreadilf the( F&4sire ihth&AEEBelad 2ttH 20 DAV N aPefBR bEIO minutes to 300
the thermal conductivity of the acetyl ated wood was

reduc@H“’é‘iﬁ approxi mat el y 40% when neasured either

aI to the
ﬂe@ovﬁr%s&%@ss ét:y%ctzlg{slsfﬂl ?%fr?gltqkﬂlég g%:sg%lyl ation of wood
c(ﬂ)p ringbdurinhmts th;epzesse( a?n) iriert fhuid e@ichlating pné heating the fluid until the
vessel subhnerg a noi,sture content of

to T dhritrd Sfe Ro6H Prails Frebpm Arteihegm, controlling the supply

t enpesraledt 1 (E whOEuh@! the Bxdthimi RCoRPREOnd Hﬁlr@iﬁﬁﬁxﬁ%@mtemal
in the vessel to 2 to 20 bar for a period o

m nutte@pcr@uggofthervmoslsbeé@y 17@:?0V| ng excess acet yI at| on

lo>{o

48! AP ABERE e A AL PR R G 7P B 10105

unt i Iminh&'sltdﬂﬁrﬁflﬂala seeotdexathermicabaction, m@llhgghmuﬁpby of heat to
show nexth{ trolling . the supply of heat to -
e UBOHORRERT P exSREThisaamRicte aﬂ%{r@t@maﬁ)@ the internal temperature of
mai NtRE YoBd blsy 170eer nal tenperature of the wood bel ow

170C (e) heating the circulating fluid-to a

t@pearempuing thé cisainting fhidand allowaing ithreacefyldted wood@o cool to ambient

temperature.

2. A process accordih'g to claim 1 wherein the moisture content of the wood is less

~ than 12% by weight.

3. A process according to claim 2 wherein the moisture content of the wood is less 8%
by weight.
4. A process according to any one of claims 1 to 3 wherein the acetylation fluid

comprises 60% to 95% by volume of acetic anhydride and 5% to 40% by volume of acetic

acid.

5. A process according to claim 4 wherein the acetylation fluid comprises 80% to 92%

"by volume of acetic anhydride and 8 to 20% by volume of acetic acid.
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_ carbon di oxi de or flue gas.

mnutes to initiate a second exotherm c reaction,
controlling the supply of heat to the wood until the

wezmbhesor1 i s conpl et e and mai ntai ni ng the i nt eP@EGB2009/000268

tenperature of the wood bel ow 170C (f) renoving the
circulating fluid and allomﬁngl7he acetyl ated wood to

cool to anmbient tenperature. 2. A process according to

€| ai mATpredees aicprdimgtonayiysangrod tixopreestingrdlaintsewhieroith the acetylation

ess_than 12% by wei ght . A pr ss according to

BEE bt R omeer s ot C BB aEs S of SF he wood 1s

| ess 8% by weight. 4. A process according to any one

of claims 1 to 3 wherein the acetylation fluid

‘Conpr A peecesvansomlingtnany anglof the precedingt dlainmnilyateindbe predsure in the
9 9% vol etic .aci 5. A prqgess

SR 18R B ADTE 45 Rl R e o RE o Lo oo B0 s
conprises 80%to 92% by vol ume of acetic anhydri de and

8 to 20% by vol une of acetic¢ acid.6, A process

SccordPFREISResprdinge Aoy ong ef frequecsiing cdaimisivehentin tled excess

| dc lﬁ%ﬁtﬂﬁh@fsirgﬂogé.d“f;‘& m!the h&%gﬂgy&ggi bﬁ?tgpr shANRE rv&al{hur{ifrogen gas. |

of "350C to 55C process accor 0 any~oné 0
the preceding clains wherein the pressure in the

9react' on vessel .is from 10 %ol 15 gar f?lr a period of . )
30 mi‘hBOSESSAECYEIA RAPE S 8T Claimyt bioek whereibihgiengess geetylation fluid
i2fmERe @ th Preds@esdsRybg bampPhaWiglErhMintdiGin )éq’ﬁﬁigggl gas pressure

~acetylation fluid is renoved Tromthe pressure ve

imtheptesseburi sing with nitrogen gas. 9. A process

according to any one of claine 1 to 7 wherein the

excess acetylation fluid is renoved fromthe pressure

109ess el pivygess angirdiggub iahg on@bMhaipidceding cliitnk d@efeif & inert fluid in
%E?egs.ure in the vessel. 10. A process according to any
sERAAL selrged FOme@ASRRPSIHUPE. BAPBS Farbondipkide or flugiges.i n
step (d) is selected from gaseous nitrogen, gaseous

11. A process according to claim 10 wherein the ineit gas is heated to a temperature of

- from 20°C to 120°.

12.. A process according to any one of the preceding claims wherein the exotherms are

detected and monitored by thermo couples located in the wood. |

13. A process according any one of preceding claims wherein the circulating inert fluid

 is cooled to avoid the internal temperature of the wood exceeding 170°C.

14. A process according to claim 13 wherein the circulating inert gas is cooled to avoid

the internal temperature of the wood ekceeding 155°C.

15. A process according to any one of claims 10 to 14 wherein the gaseous nitrogen is

partially or fully saturated with non-inert acetic anhydride and/or acetic acid.

16. A process according to claim 15 wherein the saturation is from 20% to 100%.
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11. A process according to claim10 wherein the inert
gas is heated to a tenperature of from 200C to | 20.

wda2009h958DCESS according to any one of the preeediGBg009/000268

clains wherein the exotherns are detected and

~nonitored by therno coupl es | od8ted in the wood. 13. A

process accordi ng any one of preceding clains wherein
t he C|rculat|ng inert fluid is cooled to avoid the

ter a t enper a of t he od exceedjng 170C. 14.
E) ‘oce 8??8?8?%@‘ © BLPTR HINGREFETIAS FW%WP&W&@W the cooling
bNBE e AdFRtddSw I q;gg@r A
of the&aood eﬁéggggﬁaﬁg&fg\é%é& Hngehlgfr%gggmac 89‘%{ fremoved by
evpporsien ohder wdchemi0 to 14 wherein the gaseous
nitrogen is partially or fully saturated wth
non-inert acetic anhydride and/or acetic acid. 16. A
I8.0CeADraces s heiording € &lyedr® cEThaeE&iiNg ERENSRheteR the thoisture
IS fron120@6to 100% 17. A process according to any one
content of thearead isgeduced heforgubrierging in angtylatooncaitli ng of
the acetyl ated wood residual acetic anhydride and -
acetic acid by-product is renoved by evaporati on under
Macu uA’nprds:&ss Acoprding ssclaiac b8 dhagir the amistarecodtent BEthe wood is

'lgg cl ai wherein the noisture content of

utreBaihsdredo dmstrens atg. 1o 4oebyn ot 1 afp 300 minutes

f|UId 19 A process according to claim 18 wherein the
noi sture content of the wood is reduced by subjecting
Ane whpmpoess accprding tordainf 1Dwbereinahe tietperiotios 306 120 minutes.
300 m nutes. 20. A process according to claim19

.wherein the time period is 30 to 120 mnutes. 2 1. A

201 oc &% pravessddtbitting © R Yone BE thefprédedindl @siawAekef] REWood is -
vvhe ein th;@gooq) s acetylated to at | east 14% by
agglylsfrd torat lnast 1A% By weight g€ acrbylat s eemaetricel cepre. A
process according to any one of the preceding clains
wherein there is a second i npregnation with
23cet VA ptdcess docoiding tol dnpwee obthe pravedmgatladnstwheadin @lere is a second

iPise R R ReERR00 Fif oS hEBacmdateibing o

wi dt h of from2 cns to 30 cns a thickness of from?2

-cnms to 16 cns and a
20 23

A process according to any one of the preceding claims for the acetylation of wood
pieces having a width of from 2 cms to 30 cms a thickness of from 2 cms to 16 cms and a

length of from 1.5 metres to 6.0 metres.

2. A proceSs according to claim 23 wherein the wood pieces have a width of from

2 cms to 10 cms a thickness of from 2 cms to 10 cms and a length of from 1.5 metres to 4.0

. metres.

25. A process accordlng to any one of the preceding clalms wherein the acetylated

.wood is dried using the circulating inert fluid (when gaseous)

26.  Acetylated wood having:-



l ength of from1.5 netres to 6.0 netres. 24. A process
according to claim23 wherein the wood pi eces have a
wovraibioosB7 from 2 cns to 10 cns a thickness of PCDEB2009/000268
cns to 10 cnms and a length of from1.5 netres to 4.0
metres. 25. A process accordi'nla'to any one of the
. preceding clainms wherein the acetylated wood is dried
usi ng) 4 helialisheinkageiraip RoRy bf 02ditel 0GAerereja Reduthe radigl shrinkage
- Acetyl ated wood .havi ng: -a) ,a.radi al, shrinkage ratio R2
af%‘aﬂ‘ﬂ‘%@%‘."?‘ﬁ“@é‘@?%@ %ﬁglfgerbe@e ia%eafi’lﬁ B-&4Fal shrinkage
afte i fo 1 365 048 edeReh TL & the tangential
acet ?/)P g?iﬁ‘%}‘ﬁéﬁgﬁ%@grﬁnﬁmﬁ Jghri nkage r.atiEo T2 Tg
sHrinfag® aftér dcetylatitl ankidh é$ the Fhrinkagetbhefare agtviation.
_ shrinkage after acetylation and T1 is the shrinkage
5 before acetylation. 27. Acetylated wood according to
261 ai MREINEVBLA abdRdibaté 6lafR? 28 Rihelein theFatio &, DR5E @Ad to 0.58 and
the rati'o T2 ZTi is 0.29 to 0.44. 28. Acetyl ated wood
thearatiod? ATh o&29t0 G- stiffness after wetting of |ess
than 10% 29. Acetyl ated wood according to claim 28
wherein the loss of dry stiffness is not |ess than
28. 6% c@PlatelnwenEhaving €lbsswobdrypstifinessafieomditing dfdesartyan 10%.
one of clainms 26 to .29 having a width of 2 cns to 30
10 - cns a thickness of 2 cns to 16 cns and a | ength of
rom ’ ' i 28 Iheredin WRADsdY stiffness is not less
22'0coﬁgffﬁléﬁg%&@ﬁgita?ncog%ﬁﬁgiaﬁgﬁgsvvi dth of 2 cnf???o 10
tleams8 .62t hi ckness of 2 cns to 10 cns and a length of 1.5
nmetres to 4.0 netres. 32. Acetyl ated wood according to
anyone of clains 26 to 31 acetylated to 14%to 22% by
39ei Oy Rlety14t8d 9R8ABIdcE @8dordiapté any one of claims 26 to 29 having a width of

15 2cms to 30 cms a thickness of 2 cms to 16 cms and a length of from 1.5 metres to 6.0 -

metres.

31. A wood piece according to claim 30 having a width of 2_ cms to 10 cms a thickness
of 2 cms to 10 cms and a length of 1.5 metres to 4.0 metres. '
20. ‘ . ,
| 32..  Acetylated wood according to anyone of claims 26 to 31 acetylated to 14% to 22%

by weight at its geometfical centre.



