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DENSI FI CATI ON OF LI GNOCELLULGCSI C MATERI AL
a method of densifying lignocellulosic materi al ;
conposite materi al . Porous and cel | ul ar of;
materials, such as wood may be treated with chenigals,
pol ynerisation may fill the voids in the substratej gnd/ of ¢
cell wall biopolynmers, thereby increasing the densjt nd-c
har dness of the material. Wl | - known prociEduf@sif gricearryj.ng. out J
his process include fifrstly treating the wood with styrene ‘n“eng"T‘.“"”':""“;;:::-:
net hacryl ate, di at hyl l‘Pbﬁt hipgfggéﬂﬁ ot HBPT HoTd et s m%%‘gi g e%?lrﬁkfmg
group together. \W Lon yrerisati .cat al The,_freate wood
may be then ﬁ‘el é’%,glggllgfgégdi glk%gg%%é{rﬁaexzﬁnﬁlgﬁﬁ% m aylﬁécrif] Cot%ama’rfaoﬁ‘éy a
source to injtd o} tsation to forma polyner which fills the voids
of the cell u?gyp?%ﬁggt h%g@%%éfi he wood. Such a wood conposite material has
superior hardness properties conpared wth nost natural dense, hard woods.
Simlarly, wood may be treated with a reactive chem cal such as phenol -
formal dehyde resin, whbebudn dirbt ceglulder goes Idemndeaddiil 681i60! st std ,0n
to forma hard, often dark col oured pol yner which having reacted with the
wood cell walshhch as wood may be treated with chemicals, which on
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polymerisation may fill the voids in the substrate and/or
react with the cell wall biopolymers, thereby increasing the

density and consequently the hardness of the material.

Well-known procedures for carrying out this process
include firstly treating the wood with styrene, methyl
methacrylate, dialhyl phthalate and other monomers containing
a vinyl group together with an optional polymerisation
catalyst. The treated wood may be then heated, or irradiated
for example from a 60Co gamma ray source to initiate
polymerisation to form a polymer which fills.the voids of the
cellular structure of the wood. Such a wood composite

material has superior hardness properties compared with most

‘natural dense, hard woods.

Similarly, wood. may be treated with a reactive
chemical such as phenol-formaldehyde resin, which on heatingl
undergoes condensation polymerisation to form a hard, often
dark coloured polymer which having reacted with the wood cell
wall biopolymers as well as filling the wood cell voids

creates a dense, hard (but usually dark coloured) composite

material.
This Sheet Has Been Replaced
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bi opol ymers—as-wett- as—fi+ling the wood cell voids creates a dense, hard
(but u‘_sua%disyShgegﬁalg %(Hqur d) conposite material.
_ T

2 v 8t the invention to provide an inproved or at | east
ﬂ'{ﬁ“’& % Ildensi fying lignocellulosic material including wood.

alternativ'ﬂ
I n accorda spect of the present invention, there is provided a

met hod of densifying lignocellulosic mate&i-al, conprising inpregnating the
lignocellulosic material with a naltodextrin (as herein defined) having a
dextrose equi valent of substantially 10 to substantially 30 and

cross-1linking or curiﬂ? }_%lea%al 3%’%%’&4 r‘i) Qe Sfrlﬁ;sﬁtn%gkhalﬂé’ kgg‘%#%)i l.ise the
o forma ) The na

cross-1linked product, nposite materia ofextrin

may be !npregagw&ga Nt the | 1gpocelivlePnhei V@t §idtdbdt 086% Nedeniifyhing
cross-1linking agent having at |east one hydroxyl group or alkyl at éd
hydroxyl gr ei@nocslliviesial hatkrdali bnebydiiey poedl eacted with a
cross-1linking agent having at |east one hydroxyl group or alkylated
hydroxyl group to partially cross-link the maltodextrin and cross-Ilinking
agent prior to inpregnation into the lignocellulosic material, for

exanpl e. I n acdGFQEAERILN t BheindNKERt HipeBRY oPTeRELFr &SentatdvERt i on,
conpr 1 sing: omstidey) T e 6F " Sepdt FRne SEETase RBSRAT AR <i8nr i si ng
an_ pg' Y1 2 Bl i gingﬁlggﬁge&g__n@ixé OdeghsddLidIds e CababySd1 apgeRdRUSLi NG
maltodextrin (as herein defined) having a dextrose equivalent
ip to 100 and cross-linking or curing the maltodextrin to

substantially insolubilise the cross-linked product, to form a

composite material.

The maltodextrin may be imprégnated into the
lignocellulosic material together with a cross-linking agent
having at least one hydroxyl group or alkylated hydroxyl
group, or the maltodextrin may be pre-reacted with a
cross-linking agent having at least one hydroxyl group or
alkylated hydroxyl group +to partially cross-link the
maltodextrin and cross-linking agent prior to impregnation

into the lignocellulosic material, for example.

The invention also comprises a composite material

whenever produced by the method of the invention.

The method of the invention may be used to densify
wood including solid wood whether softwood or hardwood, such
as blocks, planks, cut, turned or fashioned wood or wooden
articles, and including reconstituted wood products such as

particle board, fibreboard, and wafer board for example, and



above by addition of ammoni a sol ution; (b) inpregnating

li gnocegllulosic material with the inpregnation solution; and (c)
follow ng inpregnation, heating the lignocellulosic miterial to a
tenperature of fromsubstantially 50-140[err]C In accordance with

anot her aspect of the present invention, there is provided a conposition
for use in densifying wood including a maltodextrin having a dextrose

equi val ent val ue of from substantially 10 %d‘substantially 30, an al kyl ated
met hyl ol mel ami ne and a catal yst and to whi ch ammoni a sol uti on has been
added, said conposition having a pH of substantially 8 or above.
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solid wood whether softwood or hardwood, such as bl ocks, planks, cut,

turned or fashanpbs csrdboard amdgamesiti cl es, and including reconstituted
wood products such as particle board, fibreboard, and wafer board for

exanpl e, and

Wood or other lignocellulosic material treated by the
method of the invention is densified and may also have
improved hardness, impact resistance, strength and water
repellency, as well as possibly improved gluability, bond
strength, decay _resistahce, and stability to 1light induced
discolouration, when compared with untreated lignocellulosic
material. Also, the wood may have improved decorative
properties. The surface of maltodextrin-densified wood
composite has an attractive appearance when polished and is
less "plastic" or synthetic in appearance than composites
manufactured from wood and vinyl monomers such as methyl

methacrylate for example.

Any suitable maltodextrin having a dextrose value up
to 100 as determined by the Fehlings solution titration method
may be employed. Maltodextrin in this specification means a
polysaccharide derived from o -1,4 1linked o{ -D-glucocse.
Specific maltodextrins are given chain 1length names and
examples of maltodextrins include maltotetraose, maltohexaose,
and maltodecaose. Maltodextrin includes stereo and optical
isomers thereof. In this specification maltodextrin having a
dextrose equivalent value of 1 includes dextrose.
Particularly preferred are those having a dextrose equivalent

in the range 15 to 30.



- 3- al so_ot-her—non=wood T gnocel lul osic naterials such as for exanple
cardboard andﬁ_{_&:i er Wbod or other lignocellulosic materi al

a :
treated by thems Beg Rpacedi nvention is densified and may al so have
I nproved har dnt i \ i stance, strength and water repellency, as
wel | as possibf ability, bond strength, decay resistance, and
stability to light induced discolouration, when conpared with untreated
lignocellulosic material. Also, the wood nmay have inproved
decorative properties. The surface of maltodextrin-densified wood
conposite has an attractive appearance when polished and is less "plastic"
or synthetic in appedhenmeltddextecdnpoaytbs almeufozctinr edmbimynwoaiand
vinyl nononers such as methyl nethacrylate for exanple. _ Any
sui t abl e mal eB%ex@% i MORQyi Plehar darltedextringe op combisedaswikdt eratheed by

the Fehlings solutign titratio t hod may be enployed. Maltodextrin in
this speci ?i %%W%‘rf#@ghg acaﬁlb%g&‘fﬁﬁri §BCh Jef v e8ta¥Ghm hydrqlysates|  nked
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example.

Maltodextrin in this specification also includes
maltodextrins specifically modified for example by

acetylation, sulphonation, dehydration, etc.

Preferably the cross-linking agent comprises a
compound having an alkylated hydroxymethyl, hydroxymethylene,
or hydroxymethine group, such as an alkylated
methylolmelamine, a glycouril, a benzoguanamine or a
methylurea resin. A particularly preferred cross-linking
agent is hexamethjlmethylolmelamine. In this case the ratio
of maltodextrin molecules to cross-linking ageﬁt molecules is

preferably in the range 2:1 to 5:1 and most preferably 4:1.

Another suitable cross-linking agent comprises a
non-alkylated methylol group which reacts with the
maltodextrin, the product being cross-linked via vinyl group
polymerisation. In this case the ratio of maltodextrin

molecules to cross-linking agent molecules is preferably 1:1.

According to the invention, lignocellulosic
substrates are densified to form composite materials. The
material, for example solid wood or wood veneer is impregnated

preferably under conditions of reduced, then elevated pressure



exanpl es of naltodextrins include naltotetraose, naltohexaose, and

mal t odecaose. Ml todextrin includes stereo and optical isomers thereof.
I'n this specification maltodextrin having a dextrose equivalent val ue
of 1 i ncl udes dextrose. Particularly preferred are those having a
dextrose equivalent in the range 15 to 30.

4 The mal todextrin may be al one or_ i.n_conbination with one or nore
other maltodextrins or combined with ot h&r water-sol ubl e carbohydrat es
such as starch hydrol ysates including other dextrins, carbohydrate guns,

and resins for exanple. Mal todextrin in this specification al so
i ncl udes mal §OdaikhBSt SRS dtugal itKedidal eddeftringxaliipher yixedet yl at i on,
sul phonation, dehydration, etc. Preferably the cross-1inking agent

conpri ses a wititpoaindrbss+igkingalagghtf edr pyeviousiat ndactieddrioey %h?lene
or hydroxynet hi ne group, such as an al kyl ated nethyl ol me] am ne,

gl ycol uril, @M@Quﬂhﬁhﬂ%@rﬁssalhﬂfm @gent r neferably in @R &HP?“S

preferred cross l.i nki ng agent is hex th hy oI | am n case
the ratio of FoRAlALAERY rPh Hbi% M. gggge §¥ Syet 5Q#§S i s

evn
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preferably in tp{l%sﬁﬁpge &etedule lx}cﬂﬂn@sévﬂﬂﬁ'bﬁbl chf'/élr pressuf®ot her

sui tabl e cross agent conpri ses non- al kyl ated net hyl 61 group
and/or cycles of same as known in the art for impregnating

wood, typically utilising evacuation and/or pressure in the

range - 90 kPa g to 1400 kPa g may be employed.

After impregnation into the wood, the maltodextrin is
cross-linked or cured to substantially insolubilise the
maltodextrin to ;Eom the lignocellulosic~-polymer composite.
The impregnatéd wood may be heated in a oven or kiln at a
temperature and for a time sufficient to cause drying of the
substrate and cross-linking and curing of the maltodextrin, or
further cross-linking if the maltodextrin has been partially
cross-linked prior to impregnation, to a hard polymer-type

material within the wood structure.

The wood may be subjected to a temperature f£rom
ambient temperature to 150°C, most preferably in thé range 50
to 140°, and particularly at about 70°C. Heating can be for
a time of from many days at low temperatures, to a few minutes
at higher temperatures, depending on the wood dimensions.
Cross-linking or curing may be carried out in a production
situation by the impregnated wood being dried in a
conventional or high temperature wood seasoning kiln, or

during hot pressing of impregnated veneers to a substrate. At



whi ch reacts with the maltodextrin, the product being cross-linked via
vinyl ,group polynerisation. In this case the ratio of maltodextrin

nol ecul es to cross- l'i nking agent nolecules is preferably 1:1. .
According to the invention, l|ignocellulosic substrates are densified to
form conposite materials. The material, for exanple solid wood or wood
veneer is inpregnated preferably under €dndi ti ons of reduced, then

el evat ed pressure - 5- at anbi ent
tenperature with a maltodextrin, either mxed wth a cross-Ilinking agent,

O s, o SaT e b 00 0S5 32 Hod h a 'g;%:‘ﬁ%ﬁ%eg»
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pressure or-cycles o Same as known e art npregnatlng wood,

typically utti,ésw&d ey BfdtAliions . ANt 88 s Ni@kIHG Cof NeliFEhg MAPDe MriRa g to
1400 kPa g may be enpl oyed. After inpregnation into the wood,
t he mal t odexdiit N withontosasei nked aar @wead &0 sdﬂsnanbyaléyaowrnglubhblse
t he
wood to air dry for a number of such as 100 days, but the time

required may be excessively long for commercial manufacture.

In the case of veneers, lamination of the treated
veneers onto a suitable substrate may be accomplished by
cold-pressing followed by a brief heating period typically of
a few minutes to a temperature in the range 80 to 150°¢ to
effect cross-linking similar to conventional plywood
manufacturing conditions, but typically at 140°C for 3 to 20

minutes depending on the substrate thickness.

At the same time as the maltodextrin is impregnated
into the wood, additives such as preservatives, fire
retardants, or wood colouring agents may also be deposited in
the wood and fixed therein when the maltodextrin is
insolubilised. Thus in a single treatment the wood may be
densified, as well as preservative and fire retardancy treated

and also coloured if desired.

The following examples further illustrate the
invention. The examples are of the treatment of wood but the
method of the invention <can be applied to other
lignocellulosic materials such as paper and cardboard. The

method of the invention results in filling of voids with a



mal t odextrin to formthe |ignocell ul osic-polynmer conposite.

The

L.pr egnat ed wood may be heated in a oven or kiln at a tenperature and for
atime sufficient to cause drying of the substrate and cross-Iinking and
curing of the maltodextrin, or further cross-linking if the maltodextrin
has been partially <cross-linked prior to inpregnation, to a hard

pol ymer-type material within the wood Strfucture.

The wood may

be subjected to a tenperature from anbient tenperature to 150 C, nost
preferably in the range 50 to 140 C, and particularly at about 70 C
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the inpregnated wood being dried in “a conventional or

hi gh

t enper at ur e Minmbcedagbes g matkpiabr during hot pressing of inpregnated

veneers to a substrate. At

A. Treatment Formulations -

In the examples preparation of the

treatment

formulations used in each example is separately described for

clarity. The treatment solutions were prepared as follows:

Solution 1

7.907 kg of a maltodextrin of dextrose equivalent =

15 was dissolved in 15.507 kg of water to which was added a

solution of 1.493 kg of hexamethylmethylolmelamine as a

hydroxyl group cross-linking agent in 1.493 kg of methanol,

and also 118 g of boric acid as a preservative,

80.7 g of

toluene-p-sulphonic acid as a catalyst, and sorbitan oleate as

a non-ionic surfactant. The pH of the resulting emulsion was

adjusted to 8 by addition of ammonia solution (density 0.88

g/ml). This mixture tended to separate after standing for

several days into an upper layer containing the maltodextrin,

and lower layer containing the hexamethylmethylolmelamine, so

prior to wood treatment the mixture was thoroughly agitated to

form a uniform emulsion. This treatment emulsion had a

maltodextrin to hexamethylmethylolmelamine molar ratio of

1

approximately 5:1, a density of approximately 1.12 g/ml™ ", a

viscosity of 70 cps at 20°C (Brookfield Viscometer spindler

No. 5 at 100 rpm), and a solids content of 37%.



tenperatures in the range 50 to 70 [err]C heating may typically be carried
out for a tine of from12 to 250 hours, depending on the wood di nensions.
Cross-linking or curing may be carried out wthout use of an oven or kiln,
by allowing the wood to air dry for a nunber of such as 100 days, but the
time required my be excessively |long $#8 <onmmerci al manufacture.

In the case of veneers, lamnation of the treated veneers onto a suitable
substrate may be acconplished by cold-pressing followed by a brief heating
period typically of a fewmnutes to a tenperature in the range 80 to
150[err]Cto effect cross-linking simlar to conventional plywood
nanufacturigg conditicwm, but typically at 140[err]C for 3 to 20 m nutes

depending o trate thickness. At the sanme tinme as the
mal t odextrin is inpregnated into the wood, additives such as
preservatives, fire retardants, or wood col ouring agents may al so be

deposited in the waadokgnef o me@fodékerin f dbgtroddi@quimblanierx 1on is
i nsolubilised. Thus in a single treatnent the wood may be densified, as
wel | as preservative and fire retardancy treated and also coloured if

desired. ]
was dissolved in 14.750 kg of water,to which was added a

solution of 2.252kg of hexamethylmethylolmelamine as a
hydroxyl group cross-linking agent in 2.250kg of methanol.
107g of boric acid was added as a preservative, and 73g of
toluene-p-sulphonic acid as a catalyst. The mixture was
stirred at 20°C for 4-5 hrs in an open vessel until all the
hexamethylmethylolmelamine methanol solution had dissolved in
the aqueous layer, by partial reaction of the methylated
methylol groups with the hydroxyl groups of the maltodextrin.
After a clear, homogenous solution was obtained, ammonia
(density 0.88 g/ml) was added to bring the pH to 8 in order to
arrest any further reaction. This solution was found to be
stable for many months at pH 8, and to have a maltodextrin to
hexamethylmethfiolmelamine molar ratio of approximately 3:1, a
density of approximately 1.12 g/mL, a viscosity of 50 cps at
20°C (Brookfield Viscometer spindle No. 5 at 100 rpm), and a

solids content of 36%.
Soluticon 3

5.957kg of maltodextrin of dextrose equivalent = 28
was dissolved 13.6kg of water and was treated with a solution
of a 3.4kg of hexamethylmethylolmelamine in 3.4 kg of

methanol.  89kg of boric acid was added as a preservative and



The following exanples further illustrate the invention. The exanpl es

are of the treatnment of wood but the nethod of t he I nvention can

be appl i ed to other lignocellulosic materials such as paper and
cardboard. The ™nethod of the invention results in filling of voids with a
-7- rigid polymeric plastics-type material and also in partial reaction
with and strengthening of the cell walls gf_the 1ignocellulosic material.
A Treat ment Formul ati ons In the exanples preparation

of the treatnent fornulations used in each exanple is separately
described for clarity. The treatnent solutions were prepared as foll ows:
Solution 1 6lg of toluene-p-sulphonic acid as a catalyst. The mixture
was stirred at 20°C for 4-5 hours in an open vessel until all
the hexamethylmethylolmelamine methanol solution had dissolved
in the aqueous layer, by partial reaction of the methylated
methylol groups with the hydroxyl groups of the maltodextrin.
A clear, homogenous solution was obtained. Ammonia (density
- 0,88 g/mL) was added to bring the pH to 8 in order to arrest
any further reaction. This solution Qas stable at pH 8, and
had a maltodextrin to hexamethylmethylolmelamine molar ratio

of approximately 2:1, a density of approximately 1.10 g/ml, a

viscosity of 50 cps at 20°C, and a solids content of 37%.

Solution 4

15.8 kg of a maltodextrin of dextrose equivalent = 15
was dissolved in 20.0kg of water to which was added 0.24kg of
boric acid as a preservative and 0.04kg of toluene-p-sulphonic
acid catalyst. To this solution was added in one portion, a
solution of 3.73kg hexamethylmethylolmelamine in 16.00kg of
methanol and the mixture was then stirred at 20-25°C for 2-3
hours during which time partial créss 1linking of the
hexamethylmethylolmelamine with the maltodextrin occurred.
After a clear, homogenous solution had formed, ammonia
(density of 0.88 g/mL) was added to bring the pH to 8 in order
to arrest any further hydroxyl group reaction with the
hexamethylmethylolmelamine. Finally; 0.08kg of cyanoguanidine
was added to trap any free formaldehyde in the finished

formulation. The formulation which had a maltodextrin to



7.907 kg of a maltodextrin of dextrose equivalent = 15 was dissolved in
15.507 kg of water to which was added a solution of 1.493 kg of

hexamnet hyl net hyl ol nel am ne as a hydroxyl group cross-1linking agent in

1.493 kg of nethanol, and also 118 g of boric acid as a preservati ve,

g of toluene-p-sul phonic acid as a catal yst, and sorbitan ol eate as
non-ionic surfactant. The pH of the resuali®ng enul sion was adjusted to 8

by addition of anmonia solution (density 0.88 g/m).

a
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This m xture tended

to separate after standing for several days into an upper |ayer containing
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of 70 cps at 20[err] C (Brook

and a sol i d¥loc6nt 00 rme) .37%

Solution 5

19.8kg of a maltodextrin of dextrose equivalent = 15

is dissolved in 42kg of water and to the solution was added-

0.39kg of boric acid, and 0.09kg toluene-p-sulphonic acid
catalyst. 9.3kg of N- methylolacrylamide as a cross-linking
agent was added to the stirred solution, and the mixture
stirred at 20°C for 4 hours until homogenous during which time
the N-methylolacrylamide reacted with the maltodextrin.
To the final formulation was added 0.033kg of p-methoxyphenol
as polymerisation inhibitor. .The solution was stable for many
months kept in plastic containers, and sealed from contact
with air. The solution had a viscosity of 60 cps at 20°C

(Brookfield viscometer).

B. Impreqgnation and Curing

Example 1 - Solid Wood

Blocks of radiata pine sapwood (Pinus radiata) of
dimensions 200 x 45 x 45 mm having a density of 410-480 kg/m3,
and a moisture content of 12% were placed in a Parr high

pressure reaction vessel (suitable for 1400 kPa or 200 psi).

leld Visconeter spindler No. 5 at 100 rpm,



Sol ution 2 7.149kg of a maltodextrin of dextrose equivalent = 10
was dissolved in 14. 750 kg of water,to which was added a sol ution of

2. 252kg of hexanet hyl met hyl ol nel am ne as a hydroxyl group cross-1linking
agent in 2.250kg of nethanol. 107g of boric acid was added as a
preservative, and 73g of toluene-p-sulphonic acid as a catalyst. The
mxture was stirred at 20[err]C for 4-51fArs in an open vessel until al

t he hexanet hyl net hyl ol nel am ne net hanol sol ution had dissolved in the
aqueous | ayer, by partial reaction of the nmethylated nethylol groups with

t he hydroxyl,groupsof.the maltodextrin, fter .a cl ogngenous
sol ution Wasmgaoct?casi %gd,glg?ﬁmﬁrae B 8ﬁgi ?r§/ U‘%%’%’an% ﬁgésveé‘ dg‘ggt gﬁg? ’ﬁg t he
pH to 8 in ofdal theatPhy ESITHANYbEET RRls 58ACLH Uhd eThESaS WJ ON was found
to be stable for many nonths at pH 8, and to have a naltodextrin to
hexanmet hyl metdsiral nel ati Rebieher tefpéraireappr Guffnebeyt 3of, taeatnestty of
approximately 1.12 g/nlL, a viscosity of 50 cps at 20[err]C (Brookfield
Vi sconet er sylmdlionNd. was gtassed iphg thendteaseldiindugboatesiivedf p8BY, to
completely cover the blocks, with an excess volume greater
than that of the wood after the wvessel had been evacuated.
After 15 minutes the vessel was pressurised to 1400 kPa g for
2 hours. Then the remaining solution was pumped out and the
vessel ) opened.
The impregnated wood was then heated at a temperature of

70°C for 50 hours for cross linking of the maltodextrin, and

drying.

Example 2 - Solid Wood

Planks of radiata pine sapwood of up to 100 x 50 x
100 mm were placed in a treatment vessel and the vessel was
sealed. The wood planks were evacuated separately to
~85kPa g. Sufficient treatment solution 2 was then introduced
through a wvalved port. The wood was subjected to a

vacuum-pressure cycle as described in example 1.

Example 3 -~ Veneer

Sheets of radiata pine veneer were placed in an
autoclavable container. The sheets were weighed down and then
covered with treatment solution 3. The container was then

placed in a large pressure chamber. The chamber was sealed



Sol ution 3 5.957kg of mal todextrin of dextrose equi val ent = 28
was di-ssol ved 13. 6kg of water and was treated with a solution of a 3.4kg
of hexanet hyl net hyl ol nel.amine in 3.4 kg of nmethanol. 89kg of boric acid
was added as a preservative and _ -9-
61g of tol uene-p-sul phonic acid as a catajyst. The mxture was stirred
at 20[err]C for 4-5 hours in an open vessel until all t he
hexanet hyl met hyl ol nel am ne net hanol sol uti on had di ssol ved i n the agueous
| ayer, by part,ial reactjon of the nethylated met hyl ol groups with the
hydr oxyl gr&ﬁ‘ﬁsegf‘c‘f%ee hendo gEkeF | Flve mingtes at iy rserBuet soBUtkRm anas
obt ai ned. Agmmni | 0.88.4a/ was_added to.,bri.ng the pHto 8 in
order to ar F‘Z%t lvgcg%gq'?austr %éﬁé%an%l%%n(r)Hﬁ?th?h%ei%ﬁﬁ ir&"rsﬁ&sggtg%q B‘szt $H 8,
and  had aseRl toglentihifed 0 hexampLRYLEL hylgl ! LR4! of
approximately 2:1, a density of _approngrratelay ﬂ%{“g?ﬁ%é@%&{ bR ne
veneers removed for air-drying. After drying for two hours,

O

the veneer sheets were glued to the face of a section of
five-ply radiata pine plywood using
urea-formaldehyde adhesive and then pressed under 10 tonnes
force with the press at 80°C for six minutés. This was
sufficient to cross 1link the maltodextrin and cure the
adhesive. The surface of the veneer was then lightly sanded

and polished.

Example 4 - Veneer

Veneers were treated and hot pressed as described in
Example 3 but using treatment solution 2, and then hot pressed
to five-ply radiata pine plywood as described in Example 3 but

at 140°C for five minutes.

Example 5'

Samples of radiata pine sapwood of dimensions 100 x
15 x 15 mm were treated as described in Example 1 using
solution 2 and after curing were tested for surface hardness
by measuring the force required to indent the surface by 1 mm
using a stainless steel wedge. A mean hardness of 200 MPa was
;ecorded which compared with the range of 60-30 MPa for
untreated radiata pine sapwood, and 100-110 for kiln-dried

radiata pine sapwood.



viscosity of 50 cps at 20[err]C, and a solids content of 37% Sol uti on
4 - 15.8 kg of a maltodextrin of dextrose equivalent = 15 was
di ssolved in 20. kg of water to which was added 0.24kg of boric acid as a
preservative and 0.04kg of tol uene-p-sul phonic acid catalyst. To this

solution was added in one portion, a sglf%%pn of 3. 73kg

hexanet hyl met hyl ol nel am ne in 16. 00kg of t hanol and the m xture was then
stirred at 20-25[err]C for 2-3 hours during which time partial cross

| i nking of the hexanethyl nethylolnmelamne with the maltodextrin occurred.
After a cl e@xampogogenous sol ution had formed, ammonia (density of 0.88
g/m.) was added to bring the pHto 8 in order to arrest any further

hydr oxyl group reaction with the hexanethyl nethyl ol nmel am ne. Finally,

0. 08kg of cyanoguani dine was added to trap any free fornal dehyde in the
finished fornulaticimpige Pér Faddetdrbing ctrpweadaofativersdanisn %0 mm

tangential x 18 mm radial x 125 mm longitudinal were treated
using as in Example 2 using solution 4 and after curing were
tested for impact resistance by measuring the depth of
indeqtation when a 4.6kg weight with a hemi-spherical head of
25.3 mm aiameter was dropped from a height of 500 mm on to
the tangential face of each sample. Measurements were made at
three points on each of five treated and .five untreated
samples. The mean depth of indentation, K of untreated samples
was greater than the mean depth of indentation of treated

samples (statistically significant at the 5% level).

Example 7

Samples of radiata pine sapwood, selected on the
basis of minimal grain deviation, of dimensions 150 x 10 x 10
mm were treated as described in Example 2 using solution 4,
and were tested for stiffness (modulus of elasticity - MOE)
and bending strength (modulus of rupture - MOR). Measurements
were made on 10 treated samples and 10 matching samples of

untreated radiata pine sapwood.

Mean MOE and MOR for treated and untreated are

summarised as:



- 10 - hexanet hyl met hyl ol rel am ne nolar ratio of 4:1 is stable for many
nonths at pH 8, and had a density of 1.1lg/m and a viscosity of 60 cps at
20[err] C (Brookfield Visconmeter, spindle No.5. 100rpm. . Solution 5
19.8kg of a nmaltodextrin of dextrose equivalent = 15 is dissolved in 42kg
of water and to the solution was added O, 39kg of boric acid, and 0.09kg

t ol uene- p-sul phonic acid catalyst. 9.3kb of N- nethylolacrylam de as a
cross-linking agent was added to the stirred solution, and the m xture
stirred at 20[err]C for 4 hours until honbgenous during which tinme the
N-net hyl ol acryl.am de reacted with the nghkodextrin. To thggfinal
fornmul ati on was added 0.033kg of p-nethgxyphenol as pol ynerigation

i nhibitor. The solution was stable fqaogénym yyont hs keptio m/m“gstic
containers, and sealed fromcontact wth air. The solution had a

viscosity of 60 cps at 20[err]C (Brookfield visconeter). B.
| npregnation and Curi ng
Treated 1.263 87.7
Untreated 1.132 109.7

These data show that the composite material has 25% better
strength while maintaining the same flexibility as compared

with untreated wood.

Example B8

Samples of radiata pine sapwood of dimensions 40 mm x
40 mm x 5 mm longitudinal were treated as described in Example
2 using solution 2. The samples were then exposed to one
white~rot and three brown-rot fungi in a modified version of
the British Standard 6009 test procedure. Weight losses for
treated and untreated material after eight weeks’ exposure

were as shown below.

Weight Loss (%)

Fuanqus . Treated Untreated
C. versicolor 1.53 8.58
C. puteana 1.10 31.80
F. gilvus 0.09 . 9.40

G. sepiarium 0.35 12.60



Exanple 1 - Solid Wod Bl ocks of radiata pine sapwood (Pinus
radi ata) of dinensions 200 x 45 x 45 mm having a density of 410-480
kg/merr], and a noisture content of 12% were placed in a Parr high
pressure reaction vessel (suitable for 1400 kPa or 200 psi).

Bl ocks of gl ass were placed on the wood to prevent the blocks from
floating. The vessel was seal ed and evacub¥ed to -85kPa g at anbient

t enper at ure. Sufficient of treatnment solution 1 was passed into the
vessel through a valved port to conpletely cover the blocks, wth an

xcess Vol uMe gt el Shue thA LD3n Slod NatR Rl BLAlie MBS BB EaledupREN

evacuat ed. After 15"m nutes e VeSS was pressurise

2 hours. TheRchYers ST UndQ) WHL R AT PARERSvAUL - Sl a8ai ¥ 8558 of
opened. The inpregnated wood was then heated at a“tenperature of

the test.

Example 9

Samples of radiata pine sapwood were treated as
described in Example 2 using solution 2 and after curing were
exposed outdoors on 45° exposure racks facing north (Southern
hemisphere). Colour satﬁration of dgpth of colour was
measured as a function of time and compared with that of
untreated samples. After four months the colour saturation of
the untreated samples had decreased by 65% whereas the colour
saturation of the treated samples had only decreased by 15%.
Similarly prepared samples of radiata pine sapwood were placed
behind glass in cabinets facing north (Southern hemisphere) on
a test fence. Colour was measured in L¥*a*b* colour.space
coordinates after 44 days exposure. Changes in average L*a*b*

values were expressed as follows:

$ change from original

L* (lightness) a* (red-green axis) b* (yellow-blue axis)

Treated

- in light -2.6 +3.5 +7.0

- protected -1.3 +3.2 +1.1
from light

Untreated

- in light  -4.8 +11 +38



70[err] C for 50 hours for cross linking of the maltodextrin, and drying.
Exanpl-e 2 - Solid Wod Pl anks of radiata pine sapwood of up to
100 x 50 x 100 mm were placed in a treatnment vessel and the vessel was
seal ed. The wood pl anks were evacuated separately to -85kPa g. Sufficient

treatnment solution 2 was then introduced 1ghrough a valved port. The
wood was subjected to a - vacuum pressure cycle as described in exanple
1. Exanpl e 3 - Veneer Sheets of radi ata pine veneer were

placed in an autoclavabl e container. The sheets were wei ghed down and then
covered with treat nefbesgmatien diffepgaceohrabhevalits nacordegd| fovdthe a

l_ arlgzge_ pr essu_éxeeactf}eg x%gte;rpae]. Cg%nbfxll’divc\:%%ixsrg aIoefd less yellowing in the
treated material than in untreated material and this is

evidenced on examining the samples
Example 10

'Samples of ra@iata pine sapwood of dimensions 230 x
63 x 19 mm were treated using as in Example 2 using solution
2, cured, and then tested for gluability usiné three adhesive
types and the ASTM D-905 shear block test procedure. The mean
force at failure for treated samples and untreated controls is

summarised below:

Mean force at failure (MPa)

Adhesive
Treated Untreated
Resorcinol-formaldehyde 15.11 10.14
Epoxy .89 8.62
Urea-formaldehyde 13.00 10.44

In each case the bond strength as measured by the
shear block test was significantly greater for the treated

samples than for the untreated samples.



and evacuated and after five mnutes at a vacuumof -80 kPa g the vacuum

was col | apsed and the pressure raised to 700 kPa g for 30 m nutes. The
pressure was then released and the veneers renoved for air-drying.
After drying for two hours, t he veneer sheets were glued to the face of a
section of five-ply radi at a pi ne pl ywood usi ng
ur ea- f or mal dehyde adhesive and then pressad dnder 10 tonnes force with
the press at 80 C for six mnutes. Thi s was sufficient to cross link
the maltodextrin and cure the adhesive. The surface of the veneer was
then lightly sanded and pol i shed. Exampl e 4 - Veneer

Veneers wer and hot pressed as described in Exanple 3 but using

treatment solution 2, and then hot pressed to five-ply radiata pine
pl ywood as described in Exanple 3 but at 140[err]C for five m nutes.

Exanpl e 5 sSRPN LSO rdAdiat BiRk NBaSARMOYE ofirdinBBBRE0Ns0 190 X
15 x 15 mm were prepared as in Example 2 using solution 4 and
after curing were tested for surface haréness by measuring the
force required to indent the surface by 0.2 mm and by 1 mm
using a stainless steel wedge. Mean hardness values of 280
MPa at 0.2 mm wedge penetration and 220 MPa at 1.0 mm wedge
penetration were recorded which compared with a range of 60-90
MPa for unfreated radiata pine sapwood, and 100-110 mPa, for

kiln~-dried radiata pine sapwood.

Example 12

Samples of radiata pine sapwood of dimensions 100 x
15 x 15 mm were treated as in Example 2 using solution 5 and
after curing were tested for surface hardness as in Example
11. Mean hardness values of 180 MPa at 0.2 mm wedge
penetration and 166 MPa at 1.0 mm wedge penetration were

recorded.

The foregoing describes the invention and examples
thereof. - Alterations and modifications as will be obvious to
those skilled in the art are intended to be incorporated in
the scope of the invention, as defined in the following

claims.



15 x 15-nmwere treated as described in Exanple 1 u5|ng solution 2 and

after,cu edfor surface hardness by measuring the force
Fequi re(ﬂm"“m mmi rface by 1 mm using a stainless steel wedge. A
0

mean har dness was recorded which conpared with the range of
60-90 MPa for untreated radiata pi ne sapwood, and 100-110 for kiln-dried
radi ata pi ne sapwood. - _ - 18 - - 13 -

Exanpl e 6 Sanmpl es of radi ata pi ne sapwood of di nmensions 90 nm
tangential x 18 mmradial x 125 nm |l ongitudinal were treated wusing as in
Exanpl e 2 usj | yij.on and after curing were tested for inpact

resi stance depth of indentation when a 4.6kg weight with

a hem -spherical head of 25.3 mmdianmeter was dropped from a hei ght of 500
mmon to the tangential face of each sanple. Measurements were made at
three pointg.on eachnofmdthéa toLatRthsdigihg Vaignob8Bl€lbsic material,

comprising impregnating the lignocellulosic material with a
maltodextrin (as herein défined) having a dextrose equivalent
up to 100 and cross-linking or curing the maltodextrin to
substantially insolubilise the cross-linked product, to form a

composite material.

2. A method as claimed in claim 1, wherein the
maltodextrin is impregnated into the lignocellulosic material
together with a cross-linking agent having at least one

hydroxyl group or aikylated hydroxyl group.

3. A method as claimed in <claim 1, wherein the
maltodextrin is pre-reacted with a cross-linking agent having
at least one hydroxyl group or alkylated hydroxyl group to
partially cross-link the maltodextrin and cross-linking agent

prior to impregnation into the lignocellulosic material.

4. A method as claimed in either one of claims 2 and 3,
wherein the cross-linking agent comprises a compound having an
alkylated hydroxymethyl, hydroxymethylene, or hydroxymethine

group.

5. A method as claimed in claim 4, wherein the
cross-linking agent is selected from the group comprising

alkylated methylolmelamines, glycourils, benzoguanamines and

methylol resins. This Sheet Has Boen R

T



sanpl es. The-nean depth of indentation of untreated sanples was greater
t han «t he rrean m@ of Ti'ndentati on of treated sanples (statistically
*S

signi ficant ”m,cw Exanple 7 Sanpl es of radiata
pi ne sapwood, basis of m nimal grain deviation, of

di nensi ons 150 x 10 x 10° mmwere treateggas described in Exanple 2 using
solution 4, and were tested for stiffness (nodulus of elasticity - MXE)
and bending strength (nodul us of rupture - MOR). Measurenents were made on
10 treated sanples and 10 mat ching sanpl es of . untreated radi ata pine
sapwood. 6. AMecwmethddE asd MIRifed t imatelhiand 5unt wberedn ar the

summari sed as: Lo ) .- 14 -
cross-linking agent is hexamethylmethylolmelamine.

7. A method as claimed in either one of claims 2 and 3,
wherein the cross-linking agent comprises a non-alkylated
methylol group and wherein cross-linking of the maltodextrin

occurs via vinyl group polymerisation.

8. A method as claimed in claim 7 wherein the cross-linking

agent is N-methylolacrylamide.

9. A method as claimed in any one of claims 1 to 7,
wherein the maltodextrin has a dextrose equivalent in the

range 15 to 30.

10. A method as claimed in any one of claims 1 to 9,
wherein the ratio of maltodextrin molecules to cross-linking

agent molecules is in the range 2:1 to 5:1.

11. A method as claimed in claim 10 wherein the ratic of
maltodextrin molecules to cross-linking agent molecules is

about 1:1.

12. A method as claimed in any one of claims 1 to 11,
wherein impregnation is carried out in a sealed treatment
vessel utilising evacuation and/or pressure in the range 50

kPa g to 1400 kPa g.

eet Has Been Replaced

T



MOE MOR (10[err]ON' nferr])
lO[err]hVn{err]) Treat ed _ 1.263 87.7
Untreated N 1.132 _ 109.7 These data show
that the has 25% better strength while maintaining the
same fle | ﬂMEed w th untreated wood. Exampl e 8

Sanpl es of rédlataﬂpln pwood of dinmensions 40 mnrmmx 40 mMmx 5 mm

| ongi tudi nal were treated as descri bed |r% oExanple 2 using solution 2.
The sanpl es were then exposed to one white-

in a nodified version of the British Standard 6009 test procedure. Wi ght
treated and untreated material after eight weeks' exposure
were as showd. belwnethod as claimed in any one of claims 1 i gt Loss

| osses for

(% Fungus Tr eat ed Unt r eat ed

wherein cross-linking is carried out at a temperature in the

range 50 to 140 °c.

14. A method as claimed in any one of claims 1 to 13,

wherein the lignocellulosic material is wood.

15. A method as claimed in any one of claims 1 to 13,
wherein the lignocellulosic material is wood in the form of
wood veneers and crosé-linking or curing is carried out by hot
pressing the veneer to a substrate after impregnation or by
cold pressing the veneer to a substrate after impregnation

followed by heating the veneer.

16, A method of densifying lignocellulosic material
substantially as herein described with reference to the

examples.

17. Densified lignocellulosic material wherever produced by

the method of any one of claims 1 to 16.

Sheet Has Been Replaced
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rot and three brown-rot fungi



L
Foed,

C. versicolor 1.53 8.58 C. _pukeanarss
1.10 31.80 F. gilvus | o E=RY
9.40 G sepiarium 0.35 12.60

- 15 - The results showed that the material was essentially

decay-resi stant under the sinmulated above-ground conditions of the test.
Exanple 9 Sanpl es of radiata pine sapwood were treated as
described in Exanple 2 using solution 2 and after curing were exposed

out doors on 45 exposure racks facing nordth (Southern henisphere). Col our
saturation of depth of colour was nmneasured as a function of tine and
conpared with that of untreated sanples. After four nonths the col our
saturation of the untreated sanpl es had decreased by 65% whereas the

col our DENSIFICATION OF LIGNOCELLULOSIC MATERIAL

The invention comprises a method of densifying lignocellulosic material
including wood, to form a composite material.

Porous and cellular or lignocellulosic materials, such as wood may be treated
with chemicals, which on polymerisation may fill the voids in the substrate and/or react
with the cell wall biopolymers, thereby increasing the density and consequently the
hardness of the material. |

Well-known procedures for carrying out his process include firstly treating the
wood with styrene, methyl methacrylate, diathyl phthalate and other monomers
containing a vinyl group together with an optional polymerisation catalyst. The treated
wood may be then heated, or irradiated for example from a 60Co gamma ray source to
initiate polymerisation to form a polymer which fills the voids of the cellular structure of
the wood. Such a wood composite material has superior hardness properties compared
with most natural dense, hard woods.

Similarly, wood may be treated with a reactive chemical such as phenol-
formaldehyde resin, which on heating undergoes condensation polymerisation to form a
hard, often dark coloured polymer which having reacted with the wood cell wall

biopolymers as well as filling the wood cell voids creates a dense, hard (but usually dark

coloured) composite material.




saturation of the treated sanples had only decreased by 15% Simlarly
prepared: sanpl es of radiata pine sapwood were placed behind glass in
cabi'nets facing north (Southern hem sphere) on a test fence. Col our was
measured in L*a*b* col our space coordinates after 44 days exposure.
Changes in average L*a*b* values were expressed as follows:

% change from ori gi nal L* (lightness) a* (red g .
(yel | ow bl ue axi s) Treated - in |ight -2.6 ; R

+7.0 - protected -1.3 +3. 221 L REPLAGE fiom | ight
Untreated - in |ight -4.8 +11 +38

- 16 - The snmaller difference in b* value recorded for the

DENSIFICATION OF LIGNOCELLULOSIC MATERIAL

ABSTRACT

The invention comprises a method of densifying lignocellulosic material such as
wood. The wood is impregnated with a maltodextrin solution under vacuum and/or
pressure and the maltodextrin is then cross linked to substantially insolubilise the
-maltodextrin. A wood-polymer composite is formed. Suitable cross linking agents
include compounds having at least one hydroxyl group. Maltodextrins have a dextrose
equivalent in the range 15 to 30 are preferred. The resulting composite material has

improved appearance, hardness, impact resistance, strength and water repellency.

ALoSoSTE—+
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treatred material is indicative of less yellowng in the treated mat @J
than in untreated material and this is evidenced on exam ni ng fio5&ts Friﬂ
Exanpl e 10 Sanpl es of radi ata pi ne sapwood of di mensions 230 X
63 x 19 mMm were treated using as in Exanple 2 using solution 2, cured, and
then tested for gluability using three2adhesive types and the ASTM D- 905
shear block test procedure. The mean force at failure for treated sanples
and untreated controls is sunmmarised bel ow :

Mean force aft #Sapm fbect Mfaagw invention to /prRvide \aa improved or at least alternative
Hf?;ed methodF_f'%g?nsﬁrymg hgnocellulosm mat‘grelilglrnglggxglg “';o%&”a' dehyc81e6215 1

Urea-formal d

the bond str E’hé‘iﬁ?@@%@é@%&%ﬁf‘ ©Of the present mvexﬁlon there is provided a metﬁ

of densifying lignocellulosic material, comprising impregnating the lignocellulosic

a(fh case

material with a maltodextrin (as herein defined) having a dextrose equivalent of
substantially 10 to substantially'; 30 and cross-linking or curing the maltodextrin to
substantially insolubilise the cross-linked product, to form a composite material.

The maltodextrin may be impregnated into the lignocellulosic material together

’ with a cross-linking agent haviﬁg at least one hydroxyl group or alkylated'hydroxyl
group, or the maltodextrin may be pre-reacted 'with a cross-linking agent having at least
one hydroxyl group or alkylated hydroxyl group to partially cross-link the maltodextrin
and cross-linking agent prior to impregnation into the lignocellulosic material, for
example.

In accordance with another aspect of i the present invention, there is provided a
method of densifying lignocellulosic material comprising:

(a) preparing an impregnation solution comprising an alkylated
methylolmelamine, maltodextrin and a catalyst and adjusting the pH to substantially 8 or
above by addition of ammonia solution;

(b) impregnating lignocellulosic material with the impregnation solution; and

(c) following impregnation, heating the lignocellulosic material to a temperature
of from substantially 50-140°C.

.- In accordance with another aspect of the present invention, there is provided a
composition for use in densifying wood including a maltodextrin having a dextrose
equivalent value of from substantially 10 to substantially 30, an alkylated
methylolmelamine and a catalyst and to which ammonia solution has been added, said

composition having a pH of substantially 8 or above.

This is the replacement sheet
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shear bl ock test was significantly greater for the treated sanples than
for the untreated sanples. - 17 -
Exanpl e 11 Sanpl es of radi ata pi ne sapwood of di mensions 100 X
15 x 15 mmwere prepared as in Exanple 2 using solution 4 and after curing
were tested for surface hardness by neagdring the force required to indent
the surface by 0.2 mmand by 1 mn using a stainless steel wedge. Mean
har dness val u {neéﬁg IYEa at Q.2 mm wedge penetration and 220 MPa at 1.0
mm wedge penetra v l‘%‘@BP%@WQ:WeddOrphnﬁﬂl wobdh ischiding 8ol w20

MPa for unkk&Rd |ne sapywood, and 100-110 nPa, for ~Kkiln- |ed
‘adiata pi gﬁ\%{}(‘@g"‘ gt ﬁg@ d.cSuch as glocks planks, cut, turned or fashioned wood o

wooden articles, and including reconstituted wood products such as particle board

fibreboard, and wafer board for example, and

This is the replacement sheet
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Sanpl-es of radiata pine sapwood of di r'rehsi ons 100 x 15 x 15 mm were
treated as in Exanple 2 using solution 5 and after curing were tested for
surface hardness as in Exanple 11. Mean hardness values of 180 MPa
at 0.2 mm wedge penetration and 166 MPa at 1.0 nm wedge penetration
were recorded. The foregoi mg describes the invention and
exanples thereof. Alterations and nodifications as will be obvious to
those skilled in the art are intended to be incorporated in the scope of
the i nventi orfhe mabodpxirimeanay et Alon¢ oir| wicagbinstion meith one or more other

18 CLAIMS:. 1. . A nethod of densifying |ignocellulosic material, )
conpri si ABAlOSEXtEn A1 cembined Withnoker | Watgsolubls, ccarbolydrgies nsughas (el cr i n
(as herein . defined) having a.dextros equi val ent of substantially 10 to
Subst ant 1AV el ef it SEmbobiiftie s oand iesi dus PAIR e o
substanti al | y ] | ubi.l i the.crosss|i. p .tq f ite
mater al - 2 MR ' B8 SpranchRR o il hfdehuinh SprclicD BRIRET, %
| mpr egnatge e b Geetylation, sulphonation, dehydration, etc..

Preferably the cross-linking agent comprises a compound having an alkylated
hydroxymethyl, hydroxymethylene, or hydroxymethine group, such as an alkylated
methylolmelamine, a glycoluril, a benzoguanamine or a methylurea resin. A particularly
preferred cross-linking agent is hexamethylmethylolmelamine. In this case the ratio of
maltodextrin molecules to cross—lihking agent molecules is preferably in the range 2:1 to
5:1 and most preferably 4:1.

Another suitable cross-linking agent comprises a non-alkylated methylol group
which reacts with the maltodextrin, the product being cross-linked via vinyl group
polymerisation. - In this case the ratio of maltodextrin molecules to cross-linking agent
molecules is preferably 1:1.

According to the invention, lignocellulosic substrates are densified to form
composite materials. The material, for example solid wood or wood veneer is

impregnated preferably under conditions of reduced, then elevated pressure

This is the replacement sheét

1 8 DEC 1997

Date:



11 gnoeellul-osi-c.mat.erial. together with a cross-I|inking agent having at

| east o p or al kylated hydroxyl group. 3. A nethod as
clai rredmﬂmm‘mﬂwﬂﬂQHIel n the maltodextrin is pre-reacted with a
cross-1i mking ragent s ng at | east one hydroxyl group or alkyl ated
hydroxyl group to partially cross-linthe maltodextrin and cross-1inking
agent prior to inpregnation into the lignocellulosic material. 3. A
method as_clained in either one of clainms 2 and 3, wherein the

cross- | i K&BMSagent conprises a conmpound having an al kyl at ed

hyd thyl, h t hyl, . h t hi oup. 5. A nethod
! ai mod . eaimthod o CTeam Yo a6 A g ST ATEGEOaing OFF 1 ho
| Si | kyl at ed_net hyl | .am I | I.s..b '
gdpnletﬁi,%pgqm&m&eef wilf %éﬁaﬁ@ S algfwg%ngyﬁé*lm‘ééi BV gy doﬁ{"h
-1 ! . « fye
CT oot PAbRen® 88 k1R LY XREY | I T, A ufipe ATELERE B0
et % Ol SRAREkhAn to SubsthliBy AIAS! @b TRsks ke Bidddh, WG a ednlifosfO! UL T ON

used for 1 npregnating the i gnoce osI Cc nater conprises a catal yst
and the pid¢&ia1t he inpregnation solution is adjusted to substantially 8 or
above by addition of ammoni a solution; and wherein follow ng inpregnation,
the |ignocel |AhRfiod dd8ifAmea in chi 92 Wilrdi® tit MRk @inli SmPfeghiteinto the
substantially 50 to substantially 140[err]C.

lignocellulosic material together with a cross-linking agent having at least one hydroxyl

group or alkylated hydroxyl group.

3. A method as claimed in claim 1, wherein the maltodextrin is pre-reacted with a
cross-linking agent having at least one hydroxyl group or alkylated hydroxyl group to
partially cross-link the maltodextrin and cross-linking agent prior to impregnation into
the lignocellulosic material.

3. A method as claimed in either one of claims 2 and 3, wherein the cross-linking
agent comprises a compound having an alkylated hydroxymethyl, hydroxymethylene, .or
hydroxymethine group.

5. A method as claimed in claim 4, wherein the cross-linking agent is selected from
the group comprising alkylated methylolmelamines, glycolurils, benzoguanamines and
methylol resins.

6. A method as claimed in claim 5, wherein the cross-linking agent is
hexamethylmethylolmelamine.

7. . A method as claimed in claim 5, wherein the cross-linking agent is an alkylated
methylolmelamine.

8. A method as claimed in claim 7, wherein the solution used for impregnating the
lignocellulosic material comprises a catalyst and the pH of the impregnation solution is
adjusted to substantially 8 or above by addition of ammonia solution; and wherein
following impregnation, the lignocellulosic material is heated to a temperature of from

substantially 50 to substantially 1400C.

This is the replacement sheet
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9. The et hod of ctairm 7, wherein the maltodextrin is partially
react ed w tﬂmﬂ?”m"mmm nmet hyl ol nel am ne and the partial reaction is
st opped by nia;, and wherein the lignocellulosic materi al
i s inpregnated wi th theé nitxture resulting from the partial reaction and
followi ng inpregnation, the lignocell Hopsic material is heated to a
tenperature of fromsubstantially 50 to substantially 140[err]C  10. A
met hod of claim 8, wherein the cross-1inking agent is

hexanet hyt me{Thg| wethed 0fi ¢leim 71 whezein thetmai@dextun is qiaztially regctedvivish g¢her  t he
cross-lin | s . hexanet hyl rret 'l ol mel am ne. 12. A nethod as

cl ai med iaﬁ(yéa&%g}eggkgm@mea%ﬂg RaFiéal seackipie isestppredlbyciddition efammgniazagent

ﬁg{?&hgiﬁp&mﬂﬁi‘@ﬁe@ b%‘épecgshﬁ?%l%%' ﬁ“’”uﬁwegwﬂ'%{sﬁ'tﬂe R

c oL e e BTt T g R e Rl e

12 vvher valent in the range 15 to
%Aﬂ%;gtﬁrer@ﬂ fr&ﬂ Bsrtid&xahg%o% sﬂ%ﬁﬁxﬁ@ﬁﬁ ARK

od as one o alns 1 to 14, wherein the

rat i 0 of 1omala odﬁﬁﬂoﬂn gt e t® Crofse f'ﬂﬁﬂé ig.in the
range 2:1 to 5:1. 1lo. Anefc?]u(%@sas@clalnec}hlncalmgp eelnéﬁe ?atlo of
nal t odeX thekdmétRyifetHytsimbRmifd, 0ss- | i nki ng agent nol ecul es is about 1:1.

11. A method of «claim 9, wherein the cross-linking agent is

hexamethylmethylolmelamine.

12. A method as claimed in either one of claims 2 and 3, wherein the cross-linking
agent comprises a non-alkylated methylol group and wherein cross-linking of the
maltodextrin occurs via vinyl group polymerisation.

13. A method as claimed in claim 12 wherein the cross-linking agent is
IiI-meﬂlylolacrylamide. o

14. A method as claimed in any one of claims 1 to 12, wherein the maltodexftrin has a
dextrose equivalent in the range 15 to 30.

15. A method as claimed in any one of claims 1 to 14, wherein the ratio of
maltodextrin molecules to cross-linking agent molecules is in the range 2:1 to 5:1.

16. A method as claimed in claim 12 wherein the ratio of maltodextrin molecules to
cross-linking agent molecuies is about 1:1.

17. A method as claimed in any one of claims 1 to 16, wherein impregnation is carried
out in a sealed treatment vessel utilising evacuation and/or pressufe in the range
-00 kPa g to 1400 kPa g.

18. A method as claimed in any one of claims 1 to 17, wherein cross-linking is carried
out at a temperature in the range 50 to 1400C.

19. A method as claimed in any one of claims 1 to 18, wherein the lignocellulosic

material is wood.
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17. A met hod as—cl-arred-in..any one of clains 1 to 16, wherein inpregnation
Is carried mum m treat ment vessel utilising evacuation and/ or
pressure in m,mm Pa g to 1400 kPa g. 18. A nethod as clainmed in
any one of claifrs 41 t wherein cross-linking is carried out at a
tenperature in the range 50 to 140[errp& 19. A nethod as clained in any
one of clains 1 to 18, wherein the lignocellulosic material is wood.

20 20. A nethod as claimed in any one of clains 1 to 18, wherein the

| i gnocel 128. osh gnethed @s ickdimed invaoyl dng afrelaifsr Into L8 udhereire tlese ignegeHulosic

cross-linking or curi nﬂh‘!%s carried out by hot pressing the veneer to a
subst r at enateilgisiwaoddyibe fam e wegd a@meersp%r@gpﬁghm or/@Bgr is carripdsQist r at e

ft t fol l d by heat th A net hod, of

denst 1y 1 PPGHSSURE dhe,SFRechal cr FUlsta Al HAPIRERYUIOs o Oy ol USIOED8 i ¢
o oduced Ypee & EbRERe %f?erdm%%m[’t?%ﬂ tippigg bl BE e veress A fothod of -
d f I :

oy egnatTion 2 Hifioq 1 A3kt AEd Pen SOAE habdeF ubsianiany A neBlif kGl o1
mal todext&ggr&&@n@e @%@Eﬂa}ﬁp@@d adjusting the pHto substantially 8 or

above by a tron of ammonia sol ution;
22. Densified lignocellulosic material wherever produced by the method of any one of

claims 1 to 21.
23. A method of densifying lignocellulosic material comprising:

(a) preparing an impregnation solution comprising an alkylated
methylolmelamine, maltodextrin and a catalyst and adjusting the pH to substantially 8 or
above by addition of ammonia solution;

(b) impregnating lignocellulosic material with the impregnatioﬁ solution and; _

(c) following impregnation, heating the lignocellulosic material to a tempera;ure
of from substantially 50-1400C.

24. A method of densifying lignocellulosic material comprising:

(a) partially reacting maltodextrin with an alkylated methylolmelamine;

(b) stopping the partial reaction by addition of ammonia;

(c) impregnating lignocellulosic material with the mixture resulting from the
partial reaction; and

(@) following impregnation, heating the lignocellulosic material to a temperature
of from substantially 50 to substantially 1400C. '

25. A method of «claim 23, wherein the cross-linking agent is
hexamethylmethylolmelamine.
26. A method of claim 24, wherein the cross-linking agent is
hexamethylmethylolmelamine.
27. Densified lignocellulosic material when prepared by the method of any one of

claims 23-26.
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¢b) |rrpregnm losic material with the | npregnati on sol ution
and; 3 ﬂm““mﬁ l regnation, heating the lignocellulosic materi al
to a tenperatturé © rom subst ant i al | y 50-140[err]C.  24. A nethod of

densifying lignocellulosic material conprising: (a) partially
reacting maltodextrin with an al kyl at ed1net hyl ol mel am ne; (b)
stopping the partial reaction by addition of ammoni a; (c)

i npregnating lignocellulosic material with the mxture resulting fromthe
partial r3&ctAoeomposition for ugedjn fdehsifimgn dighonsHulgsiat inaterialh acordigg t toethe
| i gnocel | ul gsi c materl al to a tenperature of fromsubstantially 50 to

subst ant | Bethpd 190 claim) &, including, maliedegiin (asoherely slefined) 2bavingife ﬂéK‘ﬁOset he
Cross- I|nk|n

claim 20qui %M%Pgﬁlﬂﬂtstapﬁéﬂy P@ qﬁﬁ%ﬂf : a!noég‘grlﬂéﬁrﬁ%ng aszegt A method of
B?éggﬁggy tﬂﬁoﬁiggﬁ glrln 8? ggmeq)wege Sﬁ%l \gﬁi Og%!sé— mkmg agg?thas a? 1east
ccor di o FaRERoN effhp kil BB ctlels, | 9T etrin (a5 herein
defined) {§vi AGothpdithh 96 Elaimed in claim 28, wherein the maltodextrin is pre-reacted with
a cross-linking agent having a least one hydroxyl group or alkylated hydroxyl group to
partially cross-link the maltodextrin and cross-linking agent.
31. A composition as claimed in either one of claims 29 and 30, wherein the cross-
linking agent comprises a compound having an alkylated hydroxymethyl,
hydroxymethylene, or hydroxymethine group.
32. A composition as claimed in claim 31, wherein the cross-linking agent is selected
from the group comprising alkylated methylolmelamines, glycolurils, benzoguanamines
and methylol resins.
33. A composition as claimed in claim 32, wherein the cross-linking agent is
hexamethylmethylolmelamine.
34. A composition as claimed in either one of claims 29 and 30, wherein the cross-
linking agent comprises a non-alkylated methylol group and a viny! group.
35. A composition as claimed in claim 34 wherein the cross-linking agent is
N-methylolacrylamide.
36. A composition as claimed in any one of claims 28 to 35, wherein the maltodextrin
has a dextrose equivalent in the range 15 to 30.
37. A composition as claimed in any one of claims 28 to 36, wherein the ratio of
maltodextrin molecules to cross-linking agent molecules is in the range 2:1 to 5:1.
38. A composition as claimed in claim 34 wherein the ratio of maltodextrin molecules
to cross-linking agent molecules is about 1:1.
39. A composition for use in densifying wood including a maltodextrin having a

dextrose equivalent value of from substantially 10 to substantially 30, an alkylated
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equi val ent of substantially-10 to substantially 30 and a cross-Iinking

agent . clainmed in claim28, wherein the cross-1inking
agent has at Em “‘llgm group or alkylated hydroxyl group. 30. A
conposiiton a cal medwsi ns cl*ai m 28, wherein the maltodextrin is pre-reacted
with a cross-1linking agent haang a | east one hydroxyl group or alkyl ated

hydr oxyl group to partially cross-link the maltodextrin and cross-1inking
agent. 31. A conposition as clained in either one of clains 29 and 30,

wher ei n tHethylobmelamine #id s gatalyshend gnjhichenmonia splytioy banbeeryaddedastid| at ed
Ez%géyt.%ﬂﬁ% @pﬁ\aﬁgéyﬁﬁe}(a@%ﬂa X/\gé é‘?@flgﬁghgpgsgrwgki ngzagént i's

ol veol ur 116, B shBbths ﬁfﬁa”@%%ﬁvlﬁl@%g? g oo s FaiflyieRued v s
hexanot hy VAT erififelatib forifBE “&PH%%U%EE% beRstpeped &Y dioBne of

claims 29, faaﬂ%n wherein the cross- I i nki ng agent conprises a
non-al kyl at rre?hyl ol group and a vinyl group. 35. A conposition as

claimed igy C'&'cBh@ﬂsmGﬁbeﬁnﬁ@ o' @iy 40 WhéeHh A AKY14t&d methylolmelamine is
N- et hyl ol acryl am de. . A conposition as clained in any one of clains 28

to 35, meemyhﬁetﬂﬁbmy n has a dextrose equivalent in the range 15
to 30. 37. A conposition as clainmed in any one of clainms 28 to 36, wherein

the rati o4f Amebinpeosition i of nmy eond esf telaims 03 -foi i rwheagenthenehealysteis i s in
the range 2:1 to 5:1. 38. A conposition as clainmed in claim34 wherein the
rati o of tohiehegexiphonicrasidecul es

43, A composition of any one of claims 39 to 42 wherein said pH is substantially 8.

44. A composition for use in dénsifying wood, substantially as hereinbefore described

with reference to solutions 1 to 5.
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to cross-linking agent nolecules is about 1:1. 39. A conposition for use
in densifying wood including a maltodextrin having a dextrose equival ent
val ue of from substantially 10 to substantially 30, an al kyl at ed

22 nethyl ol mel am ne and a catal yst and to whi ch ammoni a sol uti on has been
added, said conposition having a pH of substantially 8 or above. 40. A
conposition of claim39 wherein the nmaltodextrin has been partially reacted
with the al kyl ated net hyl ol mel am ne g;fore the partial reaction has been
stopped by addition of ammonia. 41. conposition of claim39 or claim40
wherein the al kyl ated nethyl ol mel am ne is hexanet hyl net hyl ol nel am ne.  42.
A conposition of any one of clains 30 to 41 wherein the catalyst is

t ol uene- p- sul phoni i.d. . C it f.any one of clains 39 to 42
wherein said pH .ﬁ@ﬂ%@%ﬁ% @%ﬁ%@?&%&ﬁ%@i%&ﬁ@ék use in
densi fyi ng wood, substantially as hereinbefore described wth reference to

sol uti O%BéTﬁRC%"

The invention comprises a method of densifying lignocellulosic material such as
wood. The wood is impregnated with a maltodextrin solution under vacuum and/or
pressure and the maltodextrin 1s then cross linked to substantially insolubilise the

maltodextrin. A wood-polymer composite is formed. Suitable cross linking agents
include compounds having at least one hydroxyl group. Maltodextrins have a dextrose
equivalent in the range 15 to 30 are preferred. The resulting composite material has

improved appearance, hardness, impact resistance, strength and water repellency.
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