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COMPCSI TE PRODUCTS FROM LI GNOCELLULGCSI C MATERI AL Background of the
| nvent i orwOhg/om9esent invention relates to a process of mekirngodmzgdl y
di nrensional ly stable conposite products fromlignocellulosic materi al
wi thout the addition of synthetic resli n binders and products produced
therefromwhere the final product is simlar to conventional high density
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bondi ng. e not abl e exception to the conventional processes of
manufacturing is the Masonite process for thin hardboard, which differs
fromthe conventional dry processes in that lignin, a conponent of wood,
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particles, chips, strands etc, adding synthetic resins and then consolidating them under heat and

pressure to produce a composite product. Their physical properties, and therefore their end

applications, are determined in large part, by the quantity and nature of the synthetic resins used

to bind them. Urea- and phenol-formaldehyde are the most common resin binders in use. UF

resin yields wood composite products for interior use, while PF, which is more expensive, is

usually used in composite products intended for exterior use. Incremental improvements have

been made by modifications to resins, methods of application, methods of producing feedstock,

chemical additives for modification of feedstock, orientation of feedstock and pressing methods.

However, the use of synthetic resins derived from petrochemicals remains as the main method of

bonding.

One notable exception to the conventional processes of manufacturing is the Masonite process
for thin hardboard, which differs from the conventional dry processes in that lignin, a component
of wood, is used as a binder. No additional synthetic resins are added. However, the Masonite

process is “wet,” in that significant quantities of water are required to wash out water solubles,
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2 which interfere with the bonding process, fromthe fibre feedstock. The
washi ng process also results in about 30% 1 o0oss of raw material.

Fur t her nowe,03pm72 esul ting product is limted in thicknePeTiBoI/@3I® t han 6
nm and possesses screen nmarks on the backsi de. For these reasons, only a
few wet process hardboard mlls remaiyn in operation today around the worl d.
One mgj or drawback of conventional lignocellulosic conposite products is
their dinensional stability, neasured by thickness swelling and |inear
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also result in physical changes which compromise the integrity of the application for which the

product is used; i.e. warping, cupping, buckling, bowing, splitting and cracking.

Significant improvement of the dimensional stability of composite products produced by
conventional methods is very expensive, requiring additional quantities of resin, longer pressing
times, higher temperature, tempering (addition of oil to hardboard) or chemical modification of
fibre before pressing into the final product. Generally speaking, a highly dimensionally stable
composite product from lignocellulosic material made with conventional methods is not

commercially viable, except for certain specialized and limited applications.

One such product is high density composite. This product can be distinguished from lower density

composites by its appearance, in which the visibility of fibres or particles is virtually eliminated, as

the product takes on a plastic like appearance and texture, and improved physical properties,
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3 denonstrating | ower thickness swelling than their |ower density
counterparts. Generally speaking, this type of product is achieved by

usi ng verwyohlBgbogquantiti es of synthetic resins (generallypcCrnBeie19nr ange of
30 - 60 % mxed with lignocellulosic materials, which are then
consol i dat ed under heat and high prgssure to produce a very dense, and
tough, water resistant product, with”a density of around 1300 - 1500

kg/ m8. However, the costs of production are extrenely high due to the high
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conditions. In particular, the plate expands or shrinks significantly nore
i n the tresivy brimiedlise obthessrpraduetd t he | ongi tudinal direction as a result of
the orientation of fibres in the Kraft paper feedstock. An inprovenent of
t he paper |ayering nethod of producing high density conposite product is

taught gt rnglgérés?ffprﬁ%bgg &R achd®y coﬁ'm)giltel Bl a2 RlcRids Sh2RGHmTRRESthear ticl e
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proportion 15 to 45% by weight to dry fibre, to a density between 900 to
1600 Kg/imBregiEtesl withemelbmink eredin, lir dechapapeh émpaebnaiad adfe nedlamiieed gsinng! Kot s, as
the fibre is cheaper _than Kraft paper, and inproving the |i nea%aﬂeixpansi on
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applications of the product. SUBSTI TUTE SHEET (RULE 26) WD 03/092972
PCT/ | BO3dia&ik®al stability under varying climatic conditions. In particular, the plate expands or shrinks
significantly more in the transverse direction than the longitudinal direction as a result of the

orientation of fibres in the Kraft paper feedstock.

An improvement of the paper layering method of producing high density composite product is
taught in the US patent 4,503,115, entitled “Plate shaped moulded article and process for its
preparation and use.” In that patent, lignocellulose fibres are pressed together with thermosetting
synthetic resins in the proportion 15 to 45% by weight to dry fibre, to a density between 900 to
1600 Kg/m3. The use of the fibre has the advantage of reducing costs, as the fibre is cheaper
than Kraft paper, and improving the linear expansion properties, as the elimination of paper also
eliminates the problem of differing dimensional variations resulting from the fibre orientation of the
Kraft paper. However, the raw material costs of this method remain high, due to the high content

of expensive resins, resulting in limited applications of the product.
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4 A product that requires a high degree of dinensional stability, and
particularly low levels of linear expansion, is |amnate flooring.

Lam nat e Wom®an929@2 i s produced according to two general neroadBo3/o2T¥e | ess
expensi ve nethod of nore recent development is the direct pressure

| am nation process (DPL) which involves pressing an abrasive resistant
paper and nel am ne i npregnat ed decoratl ve paper on top of a fibre or
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better quality than the DPL nethod; however, because of the higher costs
associ atsaodegi arhortehsiddR]_impeaviagts glye ia@'litmq thascopsoprardar Thashatanee BPInaieeis hod.
According to a European consuner ﬁort t he best HDF core board has a
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maki ng er no resin adhesive rom
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process involves first using high pressure steamto deconpose and

hydr ol yzte ptodecehmminate fidaihga®orting &t the HPL whihodis dcassembls orf the top20de8@évby wei ght
of the lignocellulose, into | ow nol ecul ar wei g‘ht wat er sol ubl es. These

wat er Bminaieefveically Retwge Ghef-8uin) iy g Bigdle, 3 P A9IEL 2fiNe de8HEsi ve to

bond "1 r%"bgrlb;[)elljrd or hlgen é)ens@ chipboard (density between 800 and 900 Kg/m3), and on the bottom, a

balance laminate (typically between 0.6 - 0.8 mm). Laminate flooring by the HPL method is widely
considered to be of better quality than the DPL method; however, because of the higher costs
associated with the HPL method it is not as popular as the DPL method. According to a European

consumer report, the best HDF core board has a thickness swelling of 7%.

In US patent 5,017,319, EP 0,492,016, Canadian Patent 1,338,321 and EP 0,161,766, there is
disclosed another process for making thermosetting resin adhesive and composite products from
lignocellulosic material without the addition of synthetic resin. This process involves first using
high pressure steam to decompose and hydrolyze the hemicellulose fraction, which accounts for
20-30% by weight of the lignocellulose, into low molecular weight water solubles. These water

soluble materials are then utilized as a thermosetting adhesive to bond “in situ” the other
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the cellulose and lignin fractions of the lignocellulosic material under
heat and wprie®s29re i n a noul ding operation to produce a r @canBoyaused
conposite product. Since hemcellulose is one of the conponents of wood
that is nost hygroscopic and therefoge nost responsible for dinensional
change in natural wood, its destruction renders the reconstituted product
| ess hygroscopi ¢ and enhances di mensional stability. Furthernore, these
pat ent s cahsents; 8.8Cthe delRRED BetAIgYin ta@iohof Sl igAbaesilSsid datael Lm@r Rdadagonver ti ng
the cellulose fraction into water soluble resin material for the
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enhances 't he di mensional stability of the reconstituted conposite product.

Thus, t hexcwatsecondag lthddhesydraltsi tageting raadnchresitiog ke dehsaze dectonras wkieon, act as
both a bondi ng and bul king agent to produce a noul ded conposite product

wi t h gosedubietesianatesibl foitheniedugtionpiiregingivied enmposiiepsadietsty.  The lignin
fraction, conprising 20 - 25 % by weight of the lignocellulosic material,

al though deconposed and hydrol yzed by the high pressure steaminto |ow

I I T
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which is not affected by the first steamtreatnent and which retains its
physi calagénht B,'g'm'gttpe danbl piiessings epragion, tthese wederkdstihles golytmitizer dheomeset nd ed
conposite pro uct he water soluble material functions as an adhesive,

bondi g Por et eobpR S TR OT s d‘ﬁ‘feﬁ apssepuieh istiykipp &ffest glso
reconst 'e‘hHatn‘é‘éLl ﬁa%”&?rﬂéds fial é?éb‘ﬂg}’gt the T&%n .‘R,%%' sp%&te @Jaéuggrﬁﬁfstﬁe Wafep 1N the
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elimnation of synthetic resin binders represents a significant

br eakt hrpouigte zamolldedpoopasite prodwteith goobmeahatica stedngthiehd dichensidnalrstabilifyact ur i ng

conposite lignocellul osic products.
The lignin fraction, comprising 20 - 25 % by weight of the lignocellulosic material, although
decomposed and hydrolyzed by the high pressure steam into low molecular weight lignin and
lignin decomposition products, which are water insoluble, is left in the hydrolyzed lignocellulosic
material as a filler,. The cellulose fibre (accounting for 45 - 50 % of lignocellulose), which is not
affected by the first steam treatment and which retains its physical integrity and is used as the
backbone of the reconstituted composite product. The water soluble material functions as an
adhesive, bonding “in situ” cellulose fibre and lignin together to yield a reconstituted composite
product. The novelty of this process lies in the use of hemicellulose decomposition products as a
binder, to improve physical properties of the composite products thus produced. The elimination
of synthetic resin binders represents a significant breakthrough and improvement over

conventional methods of manufacturing composite lignocellulosic products.
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| NVENTI ON W& have now di scovered that the | ow nol ecular weight |ignin and

| i gnin deworposgisr: on products, which are encrusted on t hecxaBbue®e fibres
and which are not water-soluble, can be used to function as a bonding
agent under high pressure moulding ip the manufacture of high density
conposite products. It is believed that, under high pressure and heat
during the nmoulding operation, the |ignins becone plasticized, nelt and
flow i SUMMARYQR THERINMENTION e wat er sol ubles from hem cel |l ul ose hydrol ysis
and/ or cellul ose hydrolysis to devel op an adhesive bond, thus further
strengt heni ng the physical properties. In addition, the densification of
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rings arcempasit®piducts.dt fsobeiievdrttiatngnde high rpgsastiei ang heabdpingithe souigingduced
w thout the addition of any synthetic resins, are superior, particularly in
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to conv |ona n nt hetic r S|n In terns
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is esti rﬂﬂh@ldstﬁeﬁgtp& mQhs pRRicOdrPBREs. tm%ltﬁ)hafhe fié}'rsn’ 9:91'3?'( %ﬂt‘hé BRAdt YingdP" 0duced

hi gh density conposites. Further cost savings can be realized fromuse of
non- woodhigh mbdserenadmbiresdf withdthe dolking effeid hof alse agirdlyead themebllutoes | di@ates | N
accordance wth one enbodi nent of the present invention there is provided a
met hod ofrtualbyesl rﬁ'@alamej VAN 81 R anatejials fusihereenbanpinesthe erogvdbel weter fasistance.
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lignin contained in said |ignoceflulosic material w thout™ carbont zati on
t her eof ;and }heredciiteadamion Gitdnideof tHeGineAit lindsesd RvéRRd@s foah bbitingOTHeassultwgt h hi gh

pressure steamfor a tine
composites, produced without the addition of any synthetic resins, are superior, particularly in
dimensional stability to those high density products manufactured according to conventional
methods using large amounts of synthetic resins. In terms of economics, the production costs for
the high density composite product is estimated to be 50 - 60 % lower than that for conventionally

produced high density composites. Further cost savings can be realized from use of non-wood,

alternative feedstocks, such as agricultural residues.

In accordance with one embodiment of the present invention there is provided a method of
making a dimensionally stable composite product from lignocellulosic material comprising:

a) bringing the lignocellulosic material in divided form into contact with high pressure
steam at a temperature high enough to decompose and hydrolyze hemicellulose and
lignin contained in said lignocellulosic material without carbonization thereof;

b) maintaining the lignocellulosic material in contact with high pressure steam for a time

sufficient only for the decomposition and hydrolysis of hemicellulose and lignin into
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sufficient only for the deconposition and hydrol ysis of hem cellul ose and
lignin into SUBSTITUTE SHEET (RULE 26) WO 03/092972 PCT/1B03/02190 7 |ow
nol ecul arweeBgi972 wat er - sol ubl e resin material including Por/IB@MN2ISI NQ)
pentose and hexose sugars, sugar polyners, furfural products, dehydrated
car bohydrate, organic acids and | ow nol ecul ar wei ght |ignins and ot her

| i gnin deconposition products, wth negligible degradation of cellul ose;

c) drying the hydrolyzed lignocellulosic material; d) form ng the

| i gnocel | ul osi pwhwdicuiaBheigl, REBLIObIE esbinf M4tERal Riclu@ng @S cdnpdiging)entpsed ti cl es,
into a mat or web; e) conpressing the said mat or web at a tenperature and
a pressure foraw bexbfd sigars, stgarepolymersp dirfrab piodests, ctebyhsateéd akebohydretet her noset
the water-soluble resin material and |ignin deconposjtion ﬁ{l@ancts into an
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t enper at uPle hi GHPRERSIY 38' H@E‘Hr’ﬁ? ? E?H}?erﬁ%er%\ AR RTOL 8 ST TS mand
l'ignin contai ngd,dymenad, &rdst- Osr%' tlhgr}'r[%%t%mgt@lr éaﬂJMeV\‘eé;#%{en&aJnQ%\ gation

t hereof ; b) maintadining the |gnoc osic materital In contact with high

pressure st eamiéddmpésitioh Eoduasififté @h eldhesiBl whidhoforrnishe baer omging i vieldriy @and

hydrol ysis of hem cellulose and lignin into |ow nolecul ar weight,
wat er - sol ubl e resgistituted cempagite prestictudi ng (or conpri sing) pentose and hexose
sugars, sugar polyners, furfural products, dehydrated carbohydrate and

In the method according to the invention the hydrolyzed lignocellulosic material may be
comminuted into fiber or particle form (e.g. before or after drying) or rendered into such form by
explosive discharge from a vessel in which the lignocellulosic material has been subject to step a)

and b).

In accordance with the present invention there is provided a method of making a dimensionaily
stable composite product from lignocellulosic material, comprising:

a) bringing the lignocellulosic material in divided form into contact with high pressure
steam at a temperature high enough to decompose and hydrolyze hemicellulose and
lignin contained in said lignocellulosic material without carbonization thereof;

b) maintaining the lignocellulosic material in contact with high pressure steam for a time
sufficient only for the decomposition and hydrolysis of hemicellulose and lignin into
low molecular weight, water-soluble resin material including (or comprising) pentose
and hexose sugars, sugar polymers, furfural products, dehydrated carbohydrate and
organic acids and low molecular weight lignins and other lignin decomposition

products, with negligible degradation of cellulose;
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organi c acids and | ow nol ecul ar weight lignins and other lignin
deconposition products, with negligible degradation of cellul ose;

SUBSTI TUNEOSBHaEP7Z RULE 26) WO 03/ 092972 PCT/ 1 B03/ 02190 8PC/IH0i2ngy t he
hydrol yzed |ignocellulosic material; d) form ng a residue of the

| i gnocellulosic material, in conmnuged form e.g. as fiber or particles,
together with | ow nol ecul ar wei ght, water-soluble resin material including
(or conprising) pentose and hexose sugars, sugar polyners, furfural
product s, ¢) dehydmattedydalytedlignbcellulbsiamdtedalgani ¢ aci ds derived from
deconpositjon and hydrolysis of one or nore of hem cellul ose and

cel | ul ose® i nt PrainggirediueRbive lighegeliosic AipisFidsBicAgminkigd Lane-9rie R odheb at a

ermer atu e andBl S8yl Ry Bl LEU g e 0 BSATHLRE o

cross-link, an er €r-so

adhesi ve whi ch chgiEmgR JaRBsE "ah@ Bdbst bt A Spdiyiidhd AREANBLlGY ed
conposite product, the.low nolecular weight 1ignins and other lignin

deconposi ti on peydiatdds céroshydrdtei Bnd Sr@picbhcid erivednfrdm bigtdr@sitien fagd M ng t he
bond. The pH of the residue may be adjusted before the thernosetting in
step e). In a hydraysignfeneermare o Hpuiceliulose adeeiuppemtd amat anavelsandol ubl e resin
mat eri al ip stegrg d%?.atd e%} iaz at least in part the water-saol uble resin
material Pt oduC¥BPP '@F‘Eﬁa Y13 RV 2 fPeiurG Rl adtressuTe A P shiEicent figG,

ol ecul ar wei iy pbiARisDScAdn! HET B0k nIGERMBAR 0N RLAMHGHS of or med i n
step b), such I ght n deconposition products also contributing to form ng
the bond in st ephesjve whibh fofthsSa BhRER kit FieldhB @ ribia Y&BhstiQRdicbmpditdigtbduaor mal |y
necessary to adjust the pH 1In a second preferred aspect of the invention
t he met hod f ur thedew owotepularswesight fignins ed etiter tignins despmpdsitior pddysts formeddn st ep ¢)
i) separating the water-soluble resin material derived from hem cel | ul ose
fromthe |ign&ERP sLONELYiRg oferminadhiscPordncent rating the separ at ed

wat er-sol uble resin material, by evaporation, into a thernosetting resin
material suitable for use as a thernosetting waterproof resin adhesive;

The pH of the residue may be adjusted before the thermosetting in step e).

In a first preferred aspect of the invention, water-soluble resin material in steps d) and e) is at
least in part the water-soluble resin material produced in step b) and the mat or web also includes
low molecular weight lignins and other lignin decomposition products formed in step b), such
lignin decomposition products also contributing to forming the bond in step e). In this aspect of

the invention it is not normally necessary to adjust the pH.

In a second preferred aspect of the invention the method further comprises, subsequent to step
b) and prior to step c)

i) separating the water-soluble resin material derived from hemicellulose from the
lignocellulosic material and concentrating the separated water-soluble resin material,
by evaporation, into a thermosetting resin material suitable for use as a thermosetting
waterproof resin adhesive;

ii) bringing the previously hydrolyzed lignocellulosic material, from which the water

soluble resin material derived from hemicellulose has been removed, in contact with
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ii) bringing the previously hydrolyzed |ignocellulosic material, from which
the water soluble resin material derived fromhem cell ul ose has been
renoved, wposomoart with SUBSTI TUTE SHEET (RULE 26) WO O3CTAREB/2190
PCT/ 1 B03/ 02190 9 high pressure steamfor a second tine and for a tine
sufficient for the hydrolysis and deconposition of a major (or m nor
portion) of the cellulose into water soluble resin material including
hexose and pentose sugars, sugar polyners, furfural, dehydrated

car bohydr at es, high prassute sieaimdior asrgomst fires andderontmeesivfficient feytivdhydiolysis ardl i i )
drying the re5|due of the hydrol yzed Ilgnocellulosegé}he resi due conpri sing
mai nly the vvaf’%Pm%gl't'ﬂ'E)Pfea Péqu Anor paiien) 196 the plulpse e Wiaferr IWEiresin | ow

mol ecul ar v gl%ta i %‘“H@? %&&Lse 8& thla %Uéa’? gica?gH?rﬁ%r& IfQIﬂJ Qr&ﬂ}l{'hgétgd and

resi due of cel ose erel

sol ubl e resin pRbMALs, oRyahib BdidsHna Bieedbch o%ftl&pprbdu):ts dnge mat or web al so
i ncl udi ng | ow nol ecul ar wei ght |ignins and other |ignhin deconposition

product s iiif or megling thesésioe lo) thahghirolred hgrmbalolosm(lﬂterredmjute@ompnsfng mraintyghd he bond.
An acid or acid catalyst may be used prior to step ii) to adjust the pH of
t he previ ousl yWﬁtﬁﬂWbéﬂﬁﬂeriah‘gﬁ@é éP'IU@P%byctO'Wﬁt law |"&’leC‘F'?rdflfﬁ'9h}hi'9@ﬁS efk

wat er - sol ubl e r$ ng erlaH derhv d fro ? | ose has been renpved.
This invention ﬂﬂ@m? TRTRTPBPR %$6?8§? Sﬁ 8knen5|onally stabl e

reconst iak?’&vﬁéi’e:ﬁ WQEBB§ bf dhd e%Q%@F T:olbee%@H h&@r@a?gltﬂa%rgéjcgd Rk i), Ak maBy

treating l1gnocellul ose wt pressure steam-t deconpose and

hydr ol y e weh eidaandiamigl 1ol oﬁcﬁeomadm@@htm@hlhulaa& @than ﬁignknl @dtompdsitide totodngs of t he

| i gnocel | ul ose and usi ng those deconposition products as both a bondi ng and
bul ki ng fagenhin steptb) anglovinck isg contripdierto feesing thadondr essure in a noul di ng
operation, the treated |lignocellulose into noul ded conposite products such
as panel boards and noul ded articles, which are preferably stiff or rigid

and ar e gk eF A sl J;smowoggacwo%djuxnﬁ 181 SRS heviolg  ARUTRGS! L@

products't 0SSesS sical anlc propertles

Speci fi mg%dcenxunot;.beqa«thnmerrbm amal theSﬁa@é?lsbllJElU rdsih hQEEH déthved REmtanckiness swel I'ing
and |inear expansion of panel boards such as fibreboards and particl eboard

can be rmesnbeenzedbved very | ow | evel s when the panel boards are

This invention thus relates to a process for making dimensionally stable reconstituted composite
products from lignocellulosic material. By treating lignocellulose with high pressure steam to
decompose and hydrolyse the hemicellulose and/or cellulose and lignin fractions of the
lignocellulose and using those decomposition products as both a bonding and bulking agent, it
converts, under heat and pressure in a moulding operation, the treated lignocellulose into
moulded composite products such as panel boards and moulded articles, which are preferably
stiff or rigid and are preferably of high density and fully thermoset. The composite products thus
produced possess good physical and mechanical properties. Specifically, the dimensional
stability in terms of the thickness swelling and linear expansion of panel boards such as
fibreboards and particleboard can be minimized to very low levels when the panel boards are
made in high density. The adhesive bond developed from thermosetting of the decomposition
products of hemicellulose, cellulose and lignin is strong and stable, and resistant to boiling water

and acid hydrolysis, and is free of formaldehyde emissions. Thus the reconstituted panel boards
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made in high density. The adhesi ve bond devel oped fromthernosetting of the
deconposition products of hem cellulose, cellulose and lignin is strong
and st ablwo cafoekoresi stant to boiling water and acid hydr @CygaBes/o2ased i s
free of formal dehyde em ssions. Thus the reconstituted panel boards

SUBSTI TUTE SHEET (RULE 26) WO 03/092%/2 PCT/1B03/02190 10 and noul ded
products are suitable for exterior and particularly for indoor
applications. The absence of free fornal dehyde enm ssions nakes the product
very suiahtabioeldéd)prokimeeaﬁeoguitat@Ifdroeateirimnmd pémwlanmmnfiraiobmappn@timsfrhé or the
reconstituted products is significantly lower in conparison to the

convent i2B¥pase ‘ﬁfrf 88 %‘%W%ﬁb BAkgs\e odvehveyisitablederintprior prplicatiensd. Exanpl e
1. This tes f therno-hydro i s by high
or esour 476 PRIRSTRG BRE I BeFperh Sl FoduB e Boerls o by SR le e

densi f i GalveRRdndl rotc&% bgééqg@é%é%@esymgpelsin% r%?u?seh.nto a moul ded product.
Fresh spruce and mapl e pl anar shavi ngs of about equal parts,

cont ai ni ng appr oxi rratel y 22 % noisture content were | oosely | oaded and
packed into a pressure vessel. After sealing the vessel, high pressure

st eam ofExa@gte hsi (240 C) was introduced. The steam pressure was nai ntai ned
at 447 E@LS for 90 seconds after which the outlet valve of the pressure

vessel expiRle JAPANEYeRing p&‘?)*é‘??é‘ﬂer\‘}\ﬂ fremne-nusdigviE Py, BioRiPeeshile §&emehe tr eat ed
l'i gnocelylul o rated the
mator aloEdRed HoR o) Gitsih S hdbckith B RabktasBioctliihe BEPE B
shreddednomdb@brs(j@nd fine particles, dark brown in col our vm t h hi gh noi sture
content. The water soluble resin material from hem cell ul ose hydrol ysis

contai ned about 18 % sugars and a pH of 3.7. Simlarly, the lignin

fraction was al so decorrposed into lignin deconposition products of |ow
nol ecul §FesﬂéPrdFﬁa”d\DﬁiddF?Rﬁd§af\%?'@r"“9 GheHs eaual pavg qna@m@a@mwéﬂe'v 8% t he

surface, i,b a |cles Thi s h
| i gnoceI}i’)L] Snﬁe SO%kenngrgdoosely ?Oa\c/j\?dnlrml S %r MR SRTEFH S eE) f%r ?fa!%g We dried
mat er i alveyas higﬂrm@ééu@rgt&naom7 pdi (@zf(ﬁé?%é rntreéuie&lﬁ% stédidl pHRLB wab hat was
then conpression noulded into a single |ayer, honbgeneous pI ate of 8 mMm
t hi cknessintdbred atddl dsi tf@rgdeseatnds eftaf widhEouis varged thé plasdirgovedss was ne of 20
m nut es, which

instantaneously opened with an explosive discharge. The treated lignocellulose was collected in a

bin through a cyclone that separated the material and steam. The hydrolyzed planar shavings
were reduced into shredded fibers and fine particles, dark brown in colour with high moisture
content. The water soluble resin material from hemicellulose hydrolysis contained about 18 %
sugars and a pH of 3.7. Similarly, the lignin fraction was also decomposed into lignin
decomposition products of low molecular weight, which was water insoluble, and was encrusted
on the surface of the cellulose fiber and particles. This hydrolyzed lignocellulose was dried to low
moisture content of about 3 %. The dried material was formed into a mat of predetermined size
and weight that was then compression moulded into a single layer, homogeneous plate of 8 mm
thickness. One mould temperature of 200 C was used with a press time of 20 minutes, which
included a cooling time of 5 minutes. The pressing pressure ranged from 300 to 1050 psi,
depending on the density of the panelboard pressed. A total of 5 plates (400 X 400 X 8 mm), of
different densities were made and tested. Mechanical and physical properties were tested in

accordance with ASTM D-1037. Additional tests for wet M.O.R. after 2 hour boil were performed
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included a cooling tinme of 5 mnutes. The pressing pressure ranged from 300
to 1050 psi, depending on the density of the panel board pressed. A total
of 5 pl atwe o340 7X 400 X 8 mm), of different densities weCaIBeddie1and
tested. Mechani cal and physical properties were tested in accordance with
ASTM D- 1037. Additional tests for we?lMO.R. after 2 hour boil were
performed SUBSTI TUTE SHEET (RULE 26) WO 03/092972 PCT/1B03/02190 11 in
accordance with CANO188.0M/8 - National standard for exterior grade wood
based pametcordabar with TRIQO8B.AMES - \Maliéhat sahdadl fop extérioe grabie fwsad Bedey angmi SSi ons
and the result was 0.1 ng/nkh, according to the gas analysis nethod (norm
PN- D- 97 (Ppard1 GelatesTwigre tested dor figp fdroeidetlyde bryigsionsentl dsirend web sgnd/ings t he
product with an PE“O rating which is the nost stringent fornaldehyde

eni ssi orfS¥ 3 {pathg qaﬁra“f"ﬁ%s EHBH 4@ FPERS013HERYt FYs lerpl & PEHRdERNARI of free
formal d LSSL QNS . W Leve . the Y., broposed Eu tandard
For - sargiens EAREL Mgt i AR sl sl H RO SR R CE 2T et e
i n Tabl esrdssiont Gteh@ard 16 BATdMpEXEORBEI AUREY. tTHY RANAIAGD: fedPBRddetieOf 1ignin
in high density panel boards in which the internal bond strength exhibits an
exponentéanassions vill @ctseve the newly mdmeed/Eurgpeamstendast for§-zto" ordfoemdldeaydetilke col our

of the higher density panel boards_was dark brown and their plastic like

t ext ur e RABFRS Pearde- Jpstiresafts pig lelsrie el Figum 1 clopdsdamanstraiasi thabenditade wi t h
Kraft paper,.and phenol.ic resin. Lignins are belieyed tqg be the natural

ot nder " oS B e il Bine el oy Bl Bone Shersn e 3

t her ef or&porshtidl eSS 10k Siso YRRl LA REEHE! Blou 'tgg%ghér%h‘ﬂ@ and
ot her lignin deconpositon products are thernoset, under héat and pressure,
t hey devzhepoapds ved iasd bréwrbaruckhieiasib likengxtiird @velOnRe) §heildr W bridpdial digh

phenol - f or mal dehyde resin. Table 1. Physical and nechanical properties of 8
mm Spr ucEessup| lemipate tmede Badth rtdafDeapst epd MEROIYORSIVOENinst ae halievivtsl be thd hr L. E.

(%9 No. [ 8 G%l\/P gf %Pa e?én a) Bond co%d water Dry Bojl 2 hr (MPa) soak
(% A 76'3@% bigdey g “‘6% IXE > gregicsly. Peenglsg inpaturesjthergloren i is Ressible. 77 8 0. 20
that when low molecular weight lignins and other lignin decompositon products are thermoset,
under heat and pressure, they develop an adhesive bond resembling the bond derived from a

phenol-formaldehyde resin.

Table 1. Physical and mechanical properties of 8 mm spruce:maple plates

Board Density MOR MOR MOE Internal Swell 24 hr L.E. (%)
No. Kg/m3 (MPa) (MPa) (MPa) Bond cold water

Dry Boil 2 hr (MPa) soak (%)
A 760 13.5 3.2 1400 0.35 15.6 0.24
B 920 26.7 12.6 3050 0.87 7.8 0.20
C 1060 45.3 21.7 4930 1.36 3.6 0.17
D 1210 60.2 32.3 7120 2.16 2.7 0.17
E 1380 82.6 44.3 9540 >3.0 <1.0 0.16
Example 2.

This example demonstrates the use of higher pressing temperature and/or longer pressing time
to enhance the dimensional stability, particularly the thickness swelling of lignocellulose panel
boards. Fresh maple chips containing about 57 % moisture content was treated with high
pressure steam (198 C) for about 8 minutes. The treated maple chips were fed through a disc

refiner under a steam pressure of 6 bars to process the treated maple chips into fibers. The wet
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C 1060 45.3 21.7 4930 1.36 3.6 0.17 D 1210 60.2 32.3 7120 2.16 2.7 0.17 E
1380 82.6 44.3 9540 > 3.0 < 1.0 0.16 Exanple 2. This exanpl e denonstrates
t he use oWohBEEr2 pressi ng tenperature and/ or | onger presPCAYBOI/2RI0 t O
enhance the dinensional stability, particularly the thickness swelling of

| i gnocel | ul ose panel boards. Fresh pl e chi ps contai ning about 57 %

noi sture content was treated with high pressure steam (198 C) for about 8
m nutes. The treated maple chips were fed through a disc refiner under a
St eam pfigsswére dadd Hy hoadiSto laOndsh@€ e&tent 6T -t5r9g.aithe dryTidprs el TeIRS iritd)d maff | ber s.

The wet SUBSTI TUTE SHEET ( RULE 26) WO 03/092972 PCT/1B03/02190 12 fibers
wer e dr 4eUXEP0 imm. Aatotal pH8 matepivere lmeéemvrtiémicabfma@ner Bhese 8Thrts werg hpi bers wer e
felted into a mat. 400 X 400 nm A tot 8 mats were nade in an

i dent i Cgfesﬁﬁh@platevﬁ%g@ragurﬁ&ngmg\,gprg Bt 220&?@5@%%91%3 ad prespediotaifser at ur e
rangi ng rangi ng from
5 .4 mrén gnqgar n%ﬁl@t hl C ﬁgliclsq%g ®5§§%%H1danma35e§8gmwa&al &Sb /m\:li;va s 1,050

Kg/ nmB. Test results are listed in Table 2. It is evident that mechani cal
properties were not significantly affected by the higher press tenperature
and | onJegiresits 4reisisd inHaev2 1t is bYidendthatemedhamied propérbesi werd yiot signiicantiyt hi ckness
swel ling and |inear expansion of the maple fiber boards are significantly

r educed 2H5Ftadny e ghaer Isreégéem@rﬁaé? é‘f‘@lﬂ‘é‘gd?ﬁ%lsslm?@eﬁoﬁ?véésth% difegsionphpl e 2.

ngg: tC 3 | f@?%g ;@ih R!ﬁ%aﬁwﬁfr P rlltn%qefseﬁ;gnalgrr gPTE ng% géﬁrgearaggrre_?%ﬂjﬁf ess Pr ess

(KG1 18) (ABey (HPhaPOB RPN EbrgBraosde) M0 (WP) suel | o swel | %
160 2 1030 486 8'%9 7 %ﬁ% 205 "f(ér@“iséso 11050 52.2 5840 1.9 7.4 16.6

0.18 180 2 1040 48.6 5570 1.9 8.5 15.2 0.19 180 4 1070 53.6 6020 2.1 8.0

10.7 0. 17
Table 2. Physical and mechanical properties of 8 mm maple fiberboards

Press Press Density M.O.R. M.C.E. Internal 24 hr cold 2 hr boil L.E.
Temp. Time (Kg/m3) (MPa) (MPa) Bond water water (%)
(deg C) (min) (MPa) swell (%) swell (%)

160 2 1030 48.6 5460 1.7 9.6 20.2 0.19
160 4 1050 52.2 5840 1.9 7.4 16.6 0.18
180 2 1040 48.6 5570 1.9 8.5 15.2 0.19
180 4 1070 53.6 6020 2.1 8.0 10.7 0.17
200 2 1060 54.3 6330 2.4 6.3 13.5 0.17
200 4 1070 54.8 6480 2.6 5.5 10.2 0.16
220 2 1050 54.6 6350 2.6 4.2 10.8 0.15
220 4 1070 55.2 6320 2.7 2.7 9.2 0.14
Example 3.

This example illustrates the flexibility of the inventive process for making preformed semi-rigid,
partially cured sheets in the thickness range of 6 to 12 mm to a density between 550 to 900
Kg/m3 for future processing into high density composite plates. The preformed sheets of
fibreboard can be effectively and economically produced on a continuous press. The semi-rigid
sheets are easily handled in a subsequent operation to yield a final composite product, or readily

packed for shipping or storage, in contrast to the soft and fragile mats used in conventional

processes.

Mixed beech and pine wood chips at a ratio of 65:35, by volume, were continuously loaded into a

digester (chip cooker) at a commercial medium density fiberboard plant. The chips were cooked
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200 2 1060 54.3 6330 2.4 6.3 13.5 0.17 200 4 1070 54.8 6480 2.6 5.5 10.2
0.16 220 2 1050 54.6 6350 2.6 4.2 10.8 0.15 220 4 1070 55.2 6320 2.7 2.7
9.2 0.14 wbaipie2 3. This exanple illustrates the fl exi bi PCryB@E02190e
inventive process for making preformed sem -rigid, partially cured sheets
in the thickness range of 6 to 12 nmsto a density between 550 to 900 Kg/nB
for future processing into high density conposite plates. The preforned
sheets of fibreboard can be effectively and econom cally produced on a
cont i NUQiGer Prse@/. prddsre M2 béiri (PIOCC) farE@Et 0 afiutedamt then leandikee contimuoasis ubsequent
operation to yield a final conposite product, or readily packed for

shi ppi ndghroughgtneesagiaed fefines with ceuster-otptinchdisotdtes thatgommiaglied e siee trgafed i n
conventional . processes. M xed beech and pine wood chips at a r t|o of

65: 35, BYPOYBNIRTHREO fbgss adBrt hurdler: s Metatre el ina fosh o5 d5eele amaRYe cooker )

at a co f oked
SUBST! TOEGeEL TR BB W o B9 et Bliy 49T 5= AR ﬁwﬁ% steam
pressur gip&fmat vnRafvab ﬁ%r&)secf RrerAde dkcedDailTbitHirBsse @i Johtﬁlﬂowefsb' dedr
continuously through a pressurized refiner with counter-rotating disc

pl at es tHeait(189ckmiaximtie dertfeeatgt)cmuhpteseed dransiorotthe baffpsatiinid e sémibigidsnénd fi ber
bundl es. The fibers were dried in a flash_tube dryer to a noisture content
of 5 % rpHe&aER iobd Pﬁ‘tﬁ»‘éﬁr@'“%ﬂ‘@k%ﬁ@’é&/@ﬂs'iyoﬂa‘:kf‘%?srfﬁfwgd §PRG 82 AW ¢l ted into

a continyous fipe t ressed t v exc and
pressed 4JRSL*¥J388 ffoﬁ'h% {0 BM ?J\rﬁ%?é%s ’g&onfﬁﬁﬁpfp ‘f"%snﬁgfatﬁur e) and
pr essur%dﬁé%lvtarb%néfdgﬁéﬁﬁea%ys@é ty PR Lsolbld Fesh ﬁ%f&lalrwrgéhdwgé]qenvéé %ot manel of a
pre-determ ned thickness and density. Thickness ranged from6 to 12 mm and
densi ty HemitgiRibsé hyaimazRddutiog 00 Ctelig e@iment foethe esO tHibaTheda peforhdueshpstef or ned
sheets was due to the adhesive bond devel oped by the water soluble resin
mat er i alweh¢ut kp sigedforckecondeny precespinglido finsbeampesilelpresitiets laydipasksasiprsshigping ng t he
steam treatment of the wood chips. These preforned sheets were cut to size
for seco‘?ﬁg‘ﬁ P¥%processing into final conposite products and packed for

shi ppi ng

Example 4.
This example shows the densification of preformed sheets into high density composite
panelboards. The pre-formed rigid MDF sheet, 10 mm thick, 700 kg/m3 density, containing less
than 2% moisture content was, in a second operation, compressed into high density fiberboard.
Two of the pre-formed MDF sheets were placed in a single daylight press. They were pressed
under a specific pressure of 1,100 psi and a platen temperature of 165 Celsius for 25 minutes. At
the end of the heating period the platen temperature was lowered to about 70 Celsius in about 3
minutes. At this time the pressure was reduced to 0 and the press was opened. The average
density of this high density 10 mm fiber board was 1,370 Kg/m3. Bending strength (MOR) was
87.5 MPa, MOE: 9,740 MPa, Internal Bond: > 3.5 MPa, thickness swelling after 24 hour soaking:
- 2 %, and after 2 hour boiling: 4 - 6 %, linear expansion in the length of 0.17 % and linear

expansion in the width of 0.16 %.

Example 5.

This example demonstrates the manufacture of high density laminate flooring board from
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or storage. Exanple 4. This exanple shows the densification of preforned
sheets into high density conposite panel boards. The pre-formed rigid NDF
sheet, 1Owoemsipick, 700 kg/ nB density, containing |ess tRan/1B 00t Ur e
content was, in a second operation, conpressed into high density
fiberboard. Two of the pre-forned MJF sheets were placed in a single

dayl i ght press. They were pressed under a specific pressure of 1,100 psi
and a platen tenperature of 165 Celsius for 25 mnutes. At the end of the
heat i ng ppérmed MDFeshebiatatra tampesia tmenefavtaringl faviky. eRtefamerbsheets70 nelisi us i n
about 3 mnutes. At this tinme the pressure was reduced to O and the press

was opedidfnesshtha dengityeof 680didnd yere pssemplad iqjthgfolipsingimapner Frofiteitepdhe boar d was
1, 370 Kg/ nB. .Bendi t th, ( MOR _ 87.5 MPa, MOE. 9 740 | nt |
Bond: > SEHREAPE Of It SeREE VEnf PITHPTITS PP eBaR G oey M ot 202 og "and

after 2 rﬁ'é%HfineQRblle'gﬁ‘zgéd ecbraﬁveo/ﬁapérl:ﬂ% Bl%?sgﬁéhsﬂ/lgﬁlshébtst B@ﬁlg,eﬂ%t Melgflincg .17 % and

| inear expansion’in the wdth of '0.16 % Exanple 5. i's exanpl e

denonst liadreghateh ®arBepaet. he @il a8sapiblyd@itsplicsd IbateBa e thitiedsi st bamr d from
SUBSTI TUTE SHEET (RULE 26) WO 03/092972 PCT/1B03/ 02190 14 preforned MDF
sheet s a@lateg 200 Maeeccindiie prassupradensificeting. Thecsdniet pressipg sorfdifioprevers ieasltas, in6 nm i n
t hi ckness, with a density of 680 Kg/nB were assenbled in the foll ow ng
manner . SPTBRIE ¢ WED 16 5XFaREon tqt therass Beling M vas framiguies APr i@PeYe Be el ani ne
i mpr egnat ed_.over.l I e .an i t corative
paper S goT Loty B BB ilfief TRGlend) aft gL MOE b IR BN E 08 00

bal ance opaRes x 1868 mnPhd prafSBNIRl &/toMRS Rk JFRK REIWRRR fddkhgSTaé Bbess st eel
caul plates and placed in the press for densification. The sanme pressing

condi t i dirsk laveingtediBmdng@Boardhadixdengity @f 441 Kdim$,lhendingceiphgtio MOR)at02tNiRa, pr ess
heating time was 35 mnutes, in order to inprove the dinensional stability

of the MQFRaI12¢r®§Mie el oophnet SMBRt wffaqer deagtng BndiFcodt Nory cldMEtEut to a
PRI & o bty M AT
1,410 KahpfRsio®eNeheNGdthtdi oMat R, i BRenddd 8rel 8me under heat further reduced the

thickness swelling. The best laminate flooring board on the market today claims a core board

center swell of 7.0 % after 24 hour cold water soaking.

Example 6.
This example demonstrates a method to make laminated flooring board with superior mechanical
strength and dimensional stability, i.e., virtually no thickness swelling after 24 hours immersion in

cold water.

The raw material preparation and production of the preformed MDF sheets was identical to
example 2 however, the preformed MDF sheet had a thickness of 12 mm and a density of 800
Kg/m3. The preformed MDF sheet was assembled with melamine resin impregnated papers.
From the top the stratification of the assembly was 1) a melamine impregnated overlay protective
paper 2) a melamine impregnated decorative papers 3) a preformed MDF sheet or panel as
coreboard, 4) a bottom melamine impregnated paper. A stainless steel caul plate with wood grain

etched structure was placed on top of the assembly, and a glossy smooth caul plate was placed

SUBSTITUTE SHEET (RULE 26)



MOE: 12,470 MP, Internal bond > 3.5 MPa, surface strength > 3.5 MPa, 24
hour cold water soaking (center): 0.0 % edge swelling: 2.8 % I|inear
expansi orwpr3od72 engt h of 0.15 % and |inear expansion i rCrhBods2deoh of
0.14 % The extended press time under heat further -reduced the thickness
swell'ing. The best lam nate flooring{oard on the market today clains a
core board center swell of 7.0 % after 24 hour cold water soaking. Exanple
6. This exanpl e denonstrates a nethod to make | ami nated fl ooring board with
super i omon thedietiern obthe asemelgihk eatinel askiembln siae nartiedsitialaisingle pperiingepressand t ual | y no
thi ckness swelling after 24 hours imersion in cold water. The raw

mat er i alP§SPRIAS 3 Sreclis Arepiuesael di P8 msicr 8P &/cpRenith renpidierVBRPerpitietof 16%1s

i dent i l.e 2 howe t f d had hi ck f
12" mm anee 5 meERPE up Sane e 8 nBr e SRRl ber he et St bl od
W th Teh@TteRod A5 BB dbdREE GRS fhutes FHAMd:lFe haPreliftSa 1 d #d f cat i on of

the assenbly was 1) a nelam ne inpregnated overlay protective paper 2) a
mel am nerdasspaegrase Fhel emwsliaited ganpiadd €199nn3,)and 1p10adMRAsiyNashemb 1o panel as
coreboard, 4) a bottom nel am ne inpregnated paper. A stainless steel caul

pl at e wisER B80S gt 4309 met and epepfited witb tanr intetepking tanges] amhgrbave asflatminatedissenbl vy,
and a gl.ossy snpoth caul plate was placed SUBSTI TUTE SHEET (RULE 26) WO
03/ 0929?%”\5%?‘?6{;%03/ 02190 15 on the bottom of the assembly. The entire
assenbly was carried into a single opening press and pressed under a
specific pressure of 1,100 psi or 800 NNcnR2 with a platen tenperature of
165 degh&medizichemtiipRgsidal prEpertds o e 519 Win8smiAdted RSriflaRPRerE/sRIYs, and
then the platen tenperature was reduced to 65 degrees Celsius in about 3
m nut es accpriangsr Withdily €3338,PIN ENBE € $ 19,810, RANMEN 438-2. 18raes SO/ESd 3.0feetreslits The

consol i dat ed Panel of 6.9 mMmm and 1410 kg/nB density, was cut into to a

si ze of 22 lisg8Indableds nm and profiled with an interlocking tongue and groove
as lamnated flooring board. The nechani cal and physical properties of the
6.9 mMmm | am nated flooring board were tested in accordance with EN 13329,

DIN EN F3die 339sicaBad méhbhidalbrifred ofdd ARTarhimitePidbg bbeat results

Test Standard Unit Result
Thickness EN 13329 Mm 6.9
Surface tightness Werkstandard PV 054 Grade 5
Hardness Werkstandard PV 010 Grade 1
Resistance against cigarette DIN EN 438-2.18 Grade 5
Impact resistance (small ball) EN 13329 N 12
Impact resistance (big ball) EN 13329 mm 1900
Abrasion resistance EN 13329 Umdr. 4000
Edge swelling EN 13329 % 1.89
Edge swelling after redry EN 13329 % 0.06
Linear expansion length EN 13329 % 0.15
Linear expansion width EN 13329 % 0.14
Linear contraction length EN 13329 % -0.04
Linear contraction width EN 13329 % -0.06
Surface Soundness DIN EN 311 N/mm?2 >4
Internal Bond DIN EN 311 N/mm?2 >4
Modulus of Rupture DIN EN 311 N/mm2 91.35
Modulus of Elasticity DIN EN 311 N/mm?2 12000
Gloss (60 deg) 1SO 2813 19.8
Example 7.

This example demonstrates the advantages of using preformed low density fiberboard (LDF)
sheets for the production of three-dimensional doorskins in a separate operation. The preformed

sheets were produced at a commercial fiberboard plant as described in Example 3. The
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are listed in Table 3. Table 3. Physical and nmechanical properties of 6.9
mm | am nated fl ooring board Test Standard Unit Result Thickness EN 13329
Mn 6.9 Sapfoaoe29r: ght ness Wer kst andard PV 054 Grade 5 HardmaBe3/02190
Verkstandard PV 010 Grade 1 Resistance against cigarette DIN EN 438-2.18
G ade 5 |Inpact resistance (snall ball) EN 13329 N 12 |npact resistance
(big ball EN 13329 mm 1900 Abrasion resistance EN 13329 Umdr. 4000 Edge
swel ling EN 13329 % 1.89 Edge swelling after redry EN 13329 % 0. 06 Li near
expansi offefoeragtshegtpofl KRE2Gere 53, M\ thich withaa densiiiapfsise iKalmdard el aliB3R0re% 0. 14

Li ti length EN 13329 % - 0.04 Linear contraction width EN
13350 06 PG 2 ot T DEATHRIRESE Peped EINS MDA BY-SHPPeh i gorBBg DI N EN

311 N t 1 %9 -3 ul.us _of

El asti gr% ?B%If?\rll\%ﬁ#‘fﬁn%to 1%%'881'%(15&3%&%68@ eg f '%6e§&¥0%§?t§swer§xa_rrpl e 7.
Thi s exafrgtl sprafl@rminsidtert= rdth of oA SR Qlles U HRGASRESSHERE Aoy ggnsi ty

fi berboard (LDF) sheets for the production of three-dinensional doorskins
in a sepsraing, tbpereddrinethsheFlavepr pdstiomeiddirestlydethe mdiding pred Yaradnsificaton

comrercial fiberboard plant as described_in Exanple 3. The SUBSTI TUTE
SHEET ( FRIMESE)oseiinedy @wdace2 2psid (d9eerskin 2 Tien moyging temperature was 185 C,

densification pressure of 500 psi (54.5 Kg/cm2) and a press time of 75 seconds. The moulded
doorskin was 3.2 mm thick with a density of 1040 Kg/m3. MOR: 47 MPa, MOE 6.5 GPa, IB 1.58
MPa, thickness swelling after 24 cold water soak 14.3 %. The surface of the doorskin was tight
and smooth. The moulded doorskin did not show any stress marks or weak spots along the
contour or deep profile area indicating the good mouldability and flow property of the preformed
sheets when pressed in the mould under heat and pressure. Here again, the presence of the
decomposed lignin acting as lubricant in the preformed LDF sheet improved and promote the

mouldability of the preformed sheet.

Example 8.

This example illustrates the use of agricultural by-products of rice husks and sugar cane bagasse

for the production of high density panelboard.

Rice husks with a moisture content of 8 - 9 % and fresh sugar cane bagasse containing 40 - 45 %
M.C. were mixed in equal portion based on the oven dry weight and treated with high pressure
steam of 475 psi (240 C) for 60 seconds. The treated mixture was instantly expelled from the
treating vessel with an explosive discharge which rendered the lignocellulosic material in fine
powdery particles. The treated material was dried to about 2 % moisture content and formed into
a mat of 400 X 400 mm. The mat was compression moulded under a pressure of 1200 psi (83
Kg/cm?2), a platen temperature of 165 C, a moulding time of 25 minutes (including a cooling time
of 5 minutes), into a high density plate of 8 mm thickness with a density of 1460 Kg/m3. This

moulded plate was very hard with a MOR: 52.2 MPa, MOE: 6.3 GPa, IB: >3.5 MPa, Hardness: >

SUBSTITUTE SHEET (RULE 26)



prefornmed sheets of LDF were 6.3 mmthick with a density of 550 Kg/nB8 and
had a noisture content of 2 - 3 % The LDF sheets were packed at the MF
pl ant andwehBppmd2 t o t he doorskin factory for densificat iPca/IBowa190hr ee

di mensi onal doorskins. The sem -rigid prefornmed sheets were first sprayed
with water at a rate of 30 gr/n2 on li)_gth sides of the prefornmed sheet.
After water spraying, the prefornmed Sheets were positioned directly in the
noul ding press for densification and thernbsetting to produce a rigid

door ski nao KiN1@hieRAEdsCiwiing SN QI i W IRed@pakdion 6F 0.181@Ngid d. Al RBnRyeaRUr € of
500 psi (54.5 Kg/cnR) and a press tine of 75 seconds. The noul ded doorskin
was 3. 2 muard ho dkedliort bf the diatesitituy ificafiiid e Keptoflic nbMOR: ofdffie Mids. TWEHInEar5 GPa, | B
1.58 MpPa, thickness swelling after 24 cold water soak 14.3 % The surface
of the JUBFSIENVaRACEYYRR 2 samEle Jifmb GYaN. drivh dor v hebeanoBeaskied agaigl afst show

K. Kk I .the . dee fil
"ndi cat | Ma o8 W 28T IPvs: TGS ook ron il ibe 5 fechdiad  sheet s
when pr esgeshish 3IMa8, BRMHLABSHIARE: FaRAld WBEH PLERBHLS: wmrrﬁe%gr% the ﬁ[%g presence

of the deconposed lignin acting as |ubricant 1 n the preforme sheet

I pr ov e dexpardiop fromhahgedie reldie huhaidity lioins0 0f totob . pr ef or med sheet. Exanpl e 8.
This exanple illustrates the use of agricultural by-products of rice husks
and sugar cane bagasse for the production of high density panel board. Rice
husks with a noisture content of 8 - 9 % and fresh sugar cane bagasse

cont ai ni AG™AEY: 45 % M C. were nixed in equal portion based on the oven

R
dry wei i 2 ﬁplteﬁlﬁgt%?é;.tm éomvgéi&hof%ee ezﬁﬁeeyfragﬁ(ogglm) glgte4%o§ubpesljesir( ﬁ}%%rig) for 60

seconds. eated m xture was ins omthe reating

vessel Woithe prodR¥eH od Edciftitdicd ehiasa®e pidued. rendered the |ignocel lul osic
material in fine powdery particles. The treated material was dried to
about 2 % noisture content and forned into a mat of 400 X 400 nm The mat

was conpression nmoul ded under a pressure of 1200 Cgsi (83 Kg/cn2), a platen
t enper at Mixed Bgech 659 eine wopdciieh: MEGich inAS beIn Stepniirpriedeat (3 brEINREFYE A ®ool i ng

ti f ] nut b hi, gh [y | at f 8 t hi ith

densi 1y SRk gb Riined MR 3l oBARY G Bl Gle J TR o PHEE SR 5. 2
MPa, MOBithbhoB wiAto dxBact 33natordRion lgRIhd RS ‘soltble resiiTatdridl Butdeiehtf BeLE 26) WO
03/ 092972 PCT/ 1 B03/ 02190

chips were sprayed with a solution of dilute sulfuric acid that contained about 0.8 % sulphuric
acid, by weight, to the chips. The acid treated chips were steam treated for a second time at 15
bar pressure for 12 minutes to convert a major portion of the cellulose into water soluble resin
material. At the end of the steam treatment, the steam pressure was suddenly released and the
hydrolyzed chips were expelled from the treating vessel with an explosive discharge that reduced
the wood chips into fine particulates. The hydrolyzed material was wet, grey in colour and had a
consistency similar to pot soil. The material consisted of lignin decomposition products, water
soluble resin material, and residue of cellulose fiber. Prior to drying the material, a solution of
sodium hydroxide was added to the wet hydrolyzed material to adjust the pH to about 3.5. After
drying the hydrolyzed material had a moisture content of 3 - 5 %, and was ready as a feed stock
for the production of reconstituted composite product. A laminate flooring board with a thickness
of 6.9 mm was fabricated following the same procedure as described in Example 6. The physical
properties of this laminated flooring board was very comparable to that of laminated flooring

boards that were produced from beech and pine wood chips which were thermo hydrolyzed only
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17 40 KN, thickness swelling <1.0 % and a |inear expansion of 0.18 % and
0.19 respectively with regard to direction of the plate thus indicating

t he i sotrwpios/oprure of the plate. The |inear expansion Ra3/IBE#RUYE ON a
sanple first oven dried for two hours and nmeasured again after i mrersion
in cold water for 24 hours. This is 3 qui ck test method according to the
norm CAN3. 0188. 3- MB2, Exterior Bond t Formed Whod Particl eboard, which
nmeasures the |inear expansion fromchanges in relative humdity from50 %
to 90 % orkcxantplestingly, ahhddge @wallifal tet 4 hiEiky cldeBatérhs@alGnofarssiorrsod 1.0he
cellulose fraction into water soluble resin material for the production of
r econst i indieates andmnprevsd Wingpeionhl stpkility kiaedd irstlt fiora g cpliulpee tsoalysisianpthe whi ch
had been steamtreated at 12 bar pressure for 10 mnutes, as described in
Exanpl e 49" ‘(Oin{.yét.of "%?&FB‘TW@'@DW Hrﬁwgtééﬂ tﬁ'ﬁ [aB‘éﬂa['? oeng PPAR) were el uted once
with hot water to extract a major portion of the water soluble resin

mat eri al . Subsequently the chips were sprayed with a solution of dilute
sul furic acid that contained about 0.8 % sul phuric acid, by weight, to the
chips. The acid treated chips were steamtreated for a second tinme at 15
bar pressure for 12 mnutes to convert a major portion of the cellul ose
into water soluble resin material. At the end of the steamtreatnent, the
st eam pressure was suddenly rel eased and the hydrolyzed chips were
expelled fromthe treating vessel with an expl osive discharge that reduced
the wood chips into fine particulates. The hydrol yzed materi al was wet,
grey in colour and had a consistency simlar to pot soil. The materi al
consi sted of lignin deconposition products, water soluble resin material,
and residue of cellulose fiber. Prior to drying the material, a solution of
sodi um hydr oxi de was added to the wet hydrolyzed material to adjust the pH
to about 3.5. After drying the hydrolyzed material had a noisture content
of 3 - 5 9% and was ready as a feed stock for the production of
reconstituted conposite product. A lamnate flooring board with a thickness
of 6.9 mMmwas fabricated follow ng the sane procedure as described in
Exanpl e 6. The physical properties of this |lamnated flooring board was
very conparable to that of |am nated flooring boards that were produced
from beech and pi ne wood chi ps which were therno hydrol yzed only
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WO 03/092972 PCT/1B03/02190 18 once. Interestingly, an edge swelling after
24 hours cold water soaking of 1.3 %versus 1.9 % indicates an inproved
di mensi o ostoed97t ity that could result fromthe cell ul os@Chaydoaizy® s and
the high content of |ignin deconposition products in this |amnate
flooring board. SUBSTI TUTE SHEET (RUhg 26) WO 03/092972 PCT/1B03/02190 19
Clains 1. A nethod of making a dinensionally stable conposite product from
|l ignocellulosic material, conprising: a) bringing the |ignocellul osic

mat eri al ciafnsdi vi ded forminto contact with high pressure steamat a
tenperature high enough to deconpose and hydrol yze hem cellul ose and
lignin contained in said lignocellulosic material w thout carbonization

t hereof; b) maintaining the Iignocellulosic material in contact with high
pressure stleafmmediodaof PaifRg 3 dimensicasly tahis corprositen Brogist diopolianesediesiend

hydrol ysi s of em'lcel | ulose and lignin into | ow nol ecul ar wei ght,

wat er - sol ubl "7 &S FORBER al i ncl udi ng (or conprising) pentose and hexose

sugars, sugar pel yirREiSy the!fifrbcaluioBE AHGHS in JNRBY d6 A Rl EaidP AT Re and
organi c acids and | ow nol ecul ar weight lignins and other lignin

deconposi ti on proditedstre stédnh an@gbmgErdiire h@ognadgt toodecorhpddel dntllhggetyzeCc) dryi ng
the hydrolyzed lignocellulosic material; d) formng the residue of the

| i gnocel | ul osi ¢ neheatidelitlosej andc dignin reantaiced dr ppid eliagocelidosicf imgterial owithoulr t i cl es,
and including | ow nol ecul ar wejght |ignins and other lignin deconposition
products forned i n"3RoBERYISY hefe9het her with | ow nol ecul ar wei ght,

Lot SOLUD ST A g S ' CHRBLL L s B0 o

sugars, sugar polyners, furf du car e and
organi c acids derginesliffideaNMbihe (P MHROGchhbRitie BndbFHsis Sdf hecellRldss 8id nor e of

hem cel | ul ose
lignin into low molecular weight, water-soluble resin material including (or
comprising) pentose and hexose sugars, sugar polymers, furfural products,
dehydrated carbohydrate and organic acids and low molecular weight lignins and
other lignin decomposition products, with negligible degradation of cellulose;

¢) drying the hydrolyzed lignocellulosic material;

d) forming the residue of the lignocellulosic material, in comminuted form, e.g. as
fiber or particles, and including low molecular weight lignins and other lignin
decomposition products formed in step b), together with low molecular weight,
water-soluble resin material including (or comprising) pentose and hexose
sugars, sugar polymers, furfural products, dehydrated carbohydrate and organic
acids derived from decomposition and hydrolysis of one or more of hemicellulose
and cellulose, into a mat or web; and

e) compressing the said mat or web at a temperature and a pressure for a sufficient
time to polymerise, cross-link, and thermoset the water-soluble resin material and
lignin decomposition products into an adhesive which forms a bond “in situ”

yielding a reconstituted composite product.

2. A method according to claim 1, wherein the water-soluble resin material in steps d) and
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and cellulose, into a mat or web; and e) conpressing the said mat or web at
a tenperature and a pressure for a sufficient time to polynerise,

cross- | i Mo oafekother noset the wat er-sol ubl e resin mat eri alPCandos/d2igni n
deconposition products into an adhesive which forns a bond "in situ”

yiel ding a reconstituted conposite pypduct. 2. A method according to claim
1, wherein the water-soluble resin material in steps d) and SUBSTI TUTE
SHEET (RULE 26) WD 03/092972 PCT/1B03/02190 20 e) is at least in part the
wat er - sol ubl e) isesleast mglag tHeadatgpsaahilcresin matesl @dticed indksteph)nmet hod according to
Claim1, further conprising, subsequent to step b) and prior to step c) i)
separating the water-soluble resin material derived fromhem cellul ose from

t he Ilgno el l ulosjc terl an oncentrating the separate vvater-soluble
osin | at dr P, Sesisg s Pl T R0 R AGEOTH Tas RIS o
sui tabl e for Hz? as a thernosetting water-proof resin adhesive; ii)
bringing the p ezli ously hydrolyzed lignocellulosic material, fromwhich the

wat er  sol ubl e ij esbgardtng el dterdailivly REinfrizdhah @i scetdnv hatsigsase fRALRe I emoved,
in contact wth high pressure steamfor a second tinme and for a tine

sufficient for thdégnosidiost ysatgiahaod dewenyatisd theorepafatel patetsolible oesit he
cellulose into water soluble resin material including hexose and pentose
sugars, sugar pol Virsrial, by gnaperption, '”t°6éfP‘?§’H?S§F'@ere§'ar”l%ﬁﬁ‘9'cﬁ“5%b€sf°r U§f §2Ai ¢ aci ds

and ot her deconpo [ and |) drying the residue of the
hydr ol yzed Iignocﬁﬁ““?%&t@g&gg?rgfres'n adhels'r\' 'steps d) and e) the water soluble

resin material #s plifddg RE PRAWERT HyBrolysdd@iBndckiluiosit maldial, 5 Adh ecridi ng to
any of claims 1 or 3, wherein the steamtenperature for hydrolysing and

deconposi ng t he heniuige kdsinl rosteriabdegived femi Menditelitibee Has geacembuddpiaicontaat er i al
in steps a) and b) is in the range of 120 to 280 C
with high pressure steam for a second time and for a time sufficient for the
hydrolysis and decomposition of a portion of the cellulose into water soluble resin
material including hexose and pentose sugars, sugar polymers, furfural,
dehydrated carbohydrates, organic acids and other decomposition products; and
i} drying the residue of the hydrolyzed lignocellulose;

and wherein in steps d) and e) the water soluble resin material is that produced in

step ii).

4. The method according to any of claims 1 or 3, wherein the steam temperature for
hydrolysing and decomposing the hemicellulose and lignin of the lignocellulosic material

in steps a) and b) is in the range of 120 to 280 C.

5. The method according to in any of claims 1 to 4, wherein the temperature to thermoset

the water soluble resin material into the bond in step e) is in the range of 120 to 250 C.
6. A method according to any of claims 1 to 5, wherein, subsequent to step d) the mat or

web is compressed at a temperature and a pressure such as to partially thermoset the

water soluble resin material to form a consolidated coherent preformed sheet or panel
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5. The method according to in any of clains 1 to 4, wherein the tenperature
to thernoset the water soluble resin nmaterial into the bond in step e) is
in the r awge3n$29120 to 250 C. 6. A nmethod accordi ng to anycofiBed/@i1ys 1 to
5, wherein, subsequent to step d) the mat or web is conpressed at a
tenperature and a pressure such as tgpartially thernoset the water
soluble resin material to forma consolldated coherent prefornmed sheet or
panel SUBSTI TUTE SHEET (RULE 26) WO 03/092972 PCT/I1B03/02190 21 board
that will reshobtd that Wiliméduitroncionther esrsprassionrin Steppe)dn thenfoinftgiod of tmtrigin of t he
rigid reconstituted conposite product of high density. 7. A nethod

accor di ng t o "efeapiivted campesiieiprpduct of Hehulteneiy. t he preformed sheet or panel
board, the tenperature at which the web or mat is conpressed i s maintained
at 120 to 250 C, and the preforned sheet or panel board has a density of

I ess than %400,K@6 @?ccot%lng@b ,%Q;O\g?quﬁ% gﬂoa&etﬂ%b&%@ O@he%F]or anm%rgl h step

e) conprises: el) placing t pr ef or ned nel Info a press

with a pl at enhe teRippRia bhvdhictthelWdh & nidit lsmogia%sedae}namamga B Hhe 26y €ss and
mai ntai ning a pressure sufficient enough to attain the desired density and

for a tine sudnflithsipsefornted shdetorpase boarhieasadivesiy wEledsdnah, 146BKg/mél easi ng t he
pressure; and e4) opening the press and renoving the densified conposite
(i.e., therigid reconstituted conposite product). 9. The method accordi ng

to claim8g ﬁgﬁ%@aiggﬁs &ﬁ%F ?7§M?e%%€¥ 5%) %&% prior to releasing the
t a a

pressure |h su ep e cooled to below 90 C

10. The method @G cﬁgnﬁet&e@r'nféhnbﬁnep[magd IN&HeEi 'ﬂwt& he pden Siith Ya gniaténhe ,
densified conposite oes not exceed 1500 Kg/ nB. %he met hod accordi ng

to any of clains GemmwaOEamhmmanm@aystack of the preforned sheets or panel
boards are conpressed in step 3 produce the reconstituted conposite
product . e2) closing the press an malntammg a pressure sufficient enough to attain the
desired density and for a time sufficient to thermoset the adhesive bond;
e3) releasing the pressure; and
e4) opening the press and removing the densified composite (i.e., the rigid

reconstituted composite product).

9. The method according to claim 8, wherein subsequent to sub-step e2) and prior to

releasing the pressure in sub-step e3) the platen temperature is cooled to below 90 C.

10. The method according to claim 8 or 9, wherein the density of the densified composite

does not exceed 1500 Kg/m3.

11. The method according to any of claims 6 to 10, wherein a stack of the preformed sheets

or panel boards are compressed in step e) to produce the reconstituted composite

product.

12. The method according to any of claims 6 to 11, wherein preformed sheet or panel boards

produced in accordance with any of claims 6 to 11 are assembled with decorative sheets,
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12. The method according to any of clains 6 to 11, wherein prefornmed sheet
or panel boards produced in accordance with any of clains 6 to 11 are
assenbl edwaiosloxderor ati ve sheets, SUBSTI TUTE SHEET ( RULEPZG)IBWD2QBY 092972
PCT/ 1 B03/ 02190 22 such as nel am ne inpregnated paper, on opposite surfaces
and conpressed in step e) to producesthe reconstituted conposite product.
13. An EO classification conposite panel product or forml dehyde-free
conposite produced by a nethod according to any preceding claim 14. A

met hod of nakiUAY2MEBmRE dnRreangied darar, drv appvdite gurdeced 4ndl cosipessertiestemkb)

conpri si ng: ringing the lignocellulosic material in divided forminto
cont act vm'thqéfé&ﬁb%egié%%ﬁ%gﬁmg‘ig)éi‘mo%l’iep&’d’t‘@frperature hi gh enough to deconpose

and hydrol yse hem cellulose and lignin contained in said:lignocellulosic
materi al wi thout carbonization thereof; b) maintaining the Iignocellulosic

material i N3.09NE@Cibssichtion BorgldsRY BHELIrEduEE §3BHnERENyBe-irdd & %%Je‘efgpir&iusé&t only
for the deconposition and hydrol ysis of hem cel |l ul ose anc? Ignininto |ow

mol ecul ar weiRygtmethgstaseording tabhyprecegingiclalt eri al i ncl udi ng (or conpri si ng)
pentose and hexose sugars, sugar polyners, furfural products, dehydrated
car bohydrate and organic acids and | ow nol ecular weight |ignins and other

l'ignin deceppRssinbg C M th negligibl degradation of cellul ose;
c) drying the ﬁi?dro yntz?gekﬁgtéi éé)n Ce Ip[JOFBCS%mﬂ?ﬂo&%F'&T'? g5a. SPRPTEYt he resi due
of the lignocellulosic material, in commnuted form e.g. as fiber or

particles, and argihgiog thg lirosuimediceaatbrdl inWRid8iorrh in@ioRSctARA nigh Br%]ésulei gni n
deconposition products forned in step b), together with | ow nol ecul ar
wei ght, wat erSic2g gt gigneperaguse rigertoegti taldedompbsedting gydraiyse bomiéliupkdighd pent ose and

hexose sugars, .sugar polyners, furfural products, dehydrated carbohydrate
and organi ¢ i'gri"ﬁg%gaé'}‘eld\yb??}/df"%‘???"%@&ﬁﬁﬂ@wﬁ‘%C%[P@'thimﬁhﬂr%:i s of one or nore

of hem cel | ul 05@) rﬂﬁqaiﬁﬁé tlhtl,fI |ig(?1§gellull)§?c:'[ r(rjlatg‘riarl]%tcorﬂgct \vl\\/ﬁrpf;]ighapr}gssure steam for a

time sufficient only for the decomposition and hydrolysis of hemicellulose and lignin into
low molecular weight, water-soluble resin material including (or comprising) pentose and
hexose sugars, sugar

polymers, furfural products, dehydrated carbohydrate and organic acids and low
molecular weight lignins and other lignin decomposition products, with negligible
degradation of cellulose;

¢) drying the hydrolyzed lignocellulosic material;

d) forming the residue of the lignocellulosic material, in comminuted form, e.g. as
fiber or particles, and including low molecular weight lignins and other lignin
decomposition products formed in step b), together with low molecular weight, water-
soluble resin material including (or comprising) pentose and hexose sugars, sugar
polymers, furfural products, dehydrated carbohydrate and organic acids derived from

decomposition and hydrolysis of
one or more of hemicellulose and cellulose, into a mat or web; and
e) compressing the said mat or web at a temperature and a pressure for a sufficient time to
polymerise, cross-link, and thermoset at least the water-soluble resin material into an adhesive

which forms a bond "in situ" yielding a reconstituted composite product, lignin decomposition

SUBSTITUTE SHEET (RULE 26)



e) conpressing the said mat or web at a tenperature and a pressure for a
sufficient tinme to polynerise, cross-link, and thernposet at |east the

wat er - solwbloa/oem3i n material into an adhesive which fornecCa/mBaiaido n situ”
yielding a reconstituted conposite product, |ignin deconposition

SUBSTI TUTE SHEET (RULE 26) WO 03/09293%2 PCT/1B03/ 02190 23 products not
formng the bond being available for further bonding (or augnenting the
bond) on further conpressing of the product at a tenperature and pressure
and for ROgsfNotformipg the hend eeingryeijatterforsferther borsling | (praugmenting trerbvnden such

roducts, ,SUBSTI TUTE SHEET ULE 26 :
P further compressing of the proéulc?t é‘t a terr?perature and pressure and for a sufficient time to

polymerise, cross-link and thermoset such products.
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