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(57) Abstract: The present mvention
relates to a method for increasing the re-
activity of lignin, wherein the method
comprises the following steps: a) form-
ing, under heating at a temperature of
30 - 70 °C, an aqueous dispersion com-
prising alkali and lignin, wherein the al-
kali comprises a hydroxide of an alkali
metal, and b) heating the dispersion
formed in step a) at a temperature of 50
- 95 °C for producing alkalated lignin.

Step i)
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A METHOD FOR INCREASING THE REACTIVITY OF LIGNIN

FIELD OF THE INVENTION

The 1nvention relates to a method for 1n-

H

creasling the reactivity of lignin and to the further

H

use of such lignin.

BACKGROUND OF THE INVENTION

Lignin 1s a natural polymer, which can be ex-

tracted from e.g. wood. As lignin 1s a natural biopol-

H

vmer 1ts use as a component 1n glues 1nstead of syn-

thetic materials has Dbeen 1nvestigated 1n order to

come up with a more environmentally friendly adhesive

composition. Especially, the ability to replace syn-

thetic phenol 1n phenolic resins, such as phenol for-

F

maldehyvde resin, has been the object of prior art.

F

Different types of adhesive compositions,

such a phenolic glues, can be used with wood products.

H

Examples of such glues 1nclude compositions comprising

phenol formaldehyde resin. Traditionally synthetic

phenol formaldehyde resins are produced by polymeriz-

H

1ng phenol and formaldehyde 1n the presence of a cata-

H

lvyst. Examples of such catalysts are sodium hydroxide

(NaOH) and acids. The method for producing phenol for-

maldehyvde resin comprises adding formaldehyde 1n a

stepwlise manner to a phenol composition and thereafter

H

ri1sing the temperature of the formed composition up to

80 — 90 °C. The composition 1s cooked at this tempera-

F

ture until a desired viscosity of the formed resin or

polymer chain length 1s reached.

ﬁ

Lignin can be used for the purpose of de-

H

creasing the amount of synthetic phenol 1n a resin

composition. Lignin has previously been used for re-

H

placing phenol during the production of lignin-phenol-

formaldehyde resin.
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It has been possible to replace up to 30 % of
the synthetic phenol in the final resin, e.g. phenol
formaldehyde resin, with lignin, but higher replacement
results in unsatisfying properties of the produced
glue.

The inventors have therefore recognized a
need for a method, which would result in a higher
phenol replacement in the composition and thus 1in a
more environmentally friendly binder composition having

suitable properties for use in different applications.

PURPOSE OF THE INVENTION

The purpose of the invention is to provide a
new method for increasing the reactivity of lignin.
Further, the purpose of the invention 1is to provide a
new type of method, where the more reactive lignin 1s
used for replacing at least part of the amount of
synthetic materials used during the production of a
binder composition. Especially the purpose 1s to
produce a more environmentally friendly Dbinder

composition to be used e.g. in adhesive applications.

SUMMARY OF THE INVENTION

In one embodiment there is provided a method
for increasing the reactivity of 1lignin, wherein the

method comprises the followlng steps:
(a) forming, under heating at a temperature

of 30 - 70°C, an aqueous dispersion comprising alkali
and lignin, wherein the alkali comprises a hydroxide of
an alkali metal; and

(b) heating the dispersion formed in step (a)
at a temperature of 50 - 95°C for producing alkalated
lignin.

In another embodiment there 1is provided a
method for producing a binder composition, wherein the

method comprises the step of:

T P S i T g Ry (s A R A G R e e T A A EEPPLEANIES TUR RO A S PRI S A0 S S "’("-3.‘."--f%'-'%"*.v;‘.f-?‘.':%!%k‘?!%@?“&f@k'*P""- N TR Peie . ce e L e 0T IR R A T e :
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(111) cooking an agqueous composition
comprising reactant components including lignin
obtained by the method for increasing the reactivity of
lignin, wherein the method comprises the following
steps:

(a) forming, under heating at a temperature
of 30 - 70°C, an aqueous dispersion comprising alkali
and lignin, wherein the alkali comprises a hydroxide of
an alkali metal; and

(b) heating the dispersion formed in step (a)
at a temperature of 50 - 95°C for producing alkalated
lignin, with a polymerizable substance and a
crosslinking agent in the presence of a catalyst at a
temperature of 60 - 95°C for polymerizing the reactant
components until a binder composition with a
predetermined viscosity value 1is formed, and wherein
the polymerizable substance is selected from the group
consisting of phenol, cresol, resorcinol and
combinations thereof, and the crosslinking agent is an
aldehyde.

In another embodiment there 1is provided a
binder composition obtained by the method for producing
a binder composition, wherein the method comprises the
step of:

(111) cooking an agueous composition
comprising reactant components including lignin

obtalned by the method for increasing the reactivity of

lignin, wherein the method comprises the following
steps:

(2a) forming, under heating at a temperature
of 30 - 70°C, an aqueous dispersion comprising alkali
and lignin, wherein the alkali comprises a hydroxide of
an alkali metal; and

(b) heating the dispersion formed in step (a)
at a temperature of 50 - 95°C for producing alkalated
lignin, with a polymerizable substance and a

crosslinking agent in the presence of a catalyst at a
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3a

temperature of 60 - 95°C for polymerizing the reactant
components until a binder composition wlith a
predetermined viscosity value is formed, and whereiln
the polymerizable substance 1s selected from the group
consisting of phenol, cresol, resorcinol and
combinations thereof, and the crosslinking agent is an
aldehyde.

In another embodiment there 1s provided an
adhesive composition comprising the binder composition
obtained by the method for producing a binder
composition, wherein the method comprises the step of:

(111) cooking an agqueous composition
comprising reactant components including lignin
obtained by the method for increasing the reactivity of
lignin, wherein the method comprises the following
steps:

(a) forming, under heating at a temperature
of 30 - 70°C, an aqueous dispersion comprising alkali
and lignin, wherein the alkali comprises a hydroxide of
an alkali metal; and

(b) heating the dispersion formed in step (a)
at a temperature of 50 - 95°C for producing alkalated
lignin, with a polymerizable substance and a
crosslinking agent 1n the presence of a catalyst at a
temperature of 60 - 95°C for polymerizing the reactant
components until a binder composition with a
predetermined viscosity value 1s formed, and wherein
the polymerizable substance 1s selected from the group
consisting of phenol, cresol, resorcinol and
combinations thereof, and the crosslinking agent is an
aldehyde.

In another embodiment there is provided the
use of the binder composition obtained by the method
for producing a binder composition, wherein the method
comprises the step of:

(111) cooking an agueous composition
comprising reactant components including lignin

obtained by the method for increasing the reactivity of
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3b

lignin, wherein the method: comprises the following
steps:

(a) forming, under heating at a temperature
of 30 - 70°C, an aqueous dispersion comprising alkali
and lignin, wherein the alkali comprises a hydroxide of
an alkalli metal; and

(b) heating the dispersion formed in step (a)
at a temperature of 50 - 95°C for producing alkalated
lignin, with a polymerizable substance and a
crosslinking agent 1n the presence of a catalyst at a
temperature of 60 - 95°C for polymerizing the reactant
components until a binder composition with a
predetermined viscosity value 1s formed, and wherein
the polymerizable substance 1is selected from the group
conslsting of phenol, cresol, resorcinol and
combinations thereof, and the crosslinking agent is an
aldehyde in an impregnation application, as a coating,
for strengthening plastic, for producing a compressed
casting, for producing a laminate, for producing a
lacquer, or for gluing a wood product.

In another embodiment there is provided the
use of the adhesive composition comprising the binder
composition obtained by the method for producing a
binder composition, wherein the method comprises the
step of:

(111) cooking an agueous  composition
comprising reactant components including lignin
obtained by the method for increasing the reactivity of
lignin, wherein the method comprises the following
steps:

(a) forming, under heating at a temperature
of 30 - 70°C, an aqueous dispersion comprising alkali
and lignin, wherein the alkali comprises a hydroxide of
an alkalli metal; and

(b) heating the dispersion formed in step (a)
at a temperature of 50 - 95°C for producing alkalated
lignin, with a polymerizable substance and a

crosslinking agent in the presence of a catalyst at a
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3c

temperature of 60 - 95°C for polymerizing the reactant
components until a binder composition with a
predetermined viscosity value is formed, and wherein
the polymerizable substance 1s selected from the group
consisting of phenol, cresol, resorcinol and
combinations thereof, and the crosslinking agent 1s an

aldehyde for gluing a wood product.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included
to provide a further understanding of the invention and
constitute a part of this specification, 1illustrate
some embodiments of the invention and together with the
description helps to explain the principles of the
invention. In the drawings:

Fig. 1 1is a flow chart illustration of a
method for increasing the reactivity of lignin and of
the use of lignin having increased reactivity according
to one embodiment of the present i1nvention;

Fig. 2 shows the result of differential scan-
ning calorimetry (DSC) measurement of a blnder compo-
sition (resin) produced by using lignin alkalated 1n
accordance with the present invention; and

Fig. 3 shows the result of DSC measurement of
a binder composition (resin) produced by using lignin

treated in accordance with comparative example 1.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method for
increasing the reactivity of 1lignin, which method
comprises the following steps:

a) forming, under heating at a temperature of
30 - 70 °C, an aqueous dispersion comprising alkali and
lignin, wherein the alkali comprises an hydroxide of an

alkalli metal; and
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4

b) heating the dispersion formed in step a)
at a temperature of 50 - 95 °C for producing alkalated
lignin.

A drawback of different methods for separat-
ing or isolating lignin from e.g. biomass is that the
lignin 1s condensed during the procedure due to the low
pH environment wused. Thus, separated 1lignin has a
rather low reactivity and a heterogenic nature, which
affect the reactions with other reactant components
during e.g. the production of a binder composition. The
low reactivity of lignin has been one of the reasons
preventing a higher replacement level of e.g. synthetic
phencl in binder compositions with biobased lignin. It
has been recognized that the properties of currently
available binder compositions, wherein up to 50 - 60 %
of the synthetic phenol has been replaced with lignin,
are not acceptable for e.g. gluing applications, e.q.
the strength of glued joints has not been on a required
level.

The 1nventors surprisingly found out that the
reactivity of lignin can be increased by the method of
the present 1nvention and further that a higher re-
placement level of e.g. synthetic phenol in binder
compositions can be achieved when using this kind of
activated lignin during the production of the binder
composition.

The expression “lignin having increased reac-
tivity” should be wunderstood in this specification,
unless otherwise stated, as referring to lignin, which
has been treated by the method according to the present
invention. Treating the 1lignin with the method
according to the present invention activates the lignin
making 1t more suitable for use in further applica-
tions. The reactivity of 1lignin 1is thus increased
compared to lignin, which has not been treated by the

method according to the present invention.

......
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In this specification, unless otherwise stat-

ed, the expression “lignin” should be understood as
any lignin sultable to be used 1n the present i1nven-
tion.

Lignin may 1nclude essentially pure lignin as

well as lignin derivatives and lignin modifications.

By the expression VYessentially pure lignin”

Q

should be understood as at least 90 % pure 1lignin,

preferably at least 95 % pure lignin. In one embodil-

F

ment of the present 1nvention the essentially pure

lignin comprises at most 10 3, preferably at most 5 %,

H

of other components.

]

xtractives and carbohydrates

H

such as hemicelluloses can be mentioned as examples of

such other components.

H

In one embodiment of the present 1i1nvention

the lignin to be treated by the method according to

the present 1nvention 1s selected from a group con-

H

sisting of kraft 1lignin, biomass originating lignin,

lignin from alkaline pulpling process, lignin from soda

process, lignin from organosolv pulping and combina-

H

tions thereof.

—

-:er_

Different lignin components may have di:

ent properties, e.g. molecular weight, molar mass,

polydispersity, hemicellulose and extractive contents.

H

In one embodiment of the present invention the lignin

includes water but no solvent.

By “kraft lignin” 1s to be understood 1n this

specification, unless otherwise stated, lignin that

orlginates from kraft black ligquor. Black liguor 1s an

H

alkaline aqueous solution of lignin residues, hemicel-

lulose, and 1norganic chemicals used 1n a kraft pulp-

1ng process. The black ligquor from the pulping process

H

erent soft-

comprises components originating from di:

wood and hardwood speciles 1n various proportions. Lig-

—

-:er_

nin can be separated from the black ligquor by di:

—~ -

ent, techniques 1including e.g. precipitation and fil-

tration. Lignin usually begins precipitating at pH
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values below 11 - 12. Dif

"erent pH values can be used

1n order to precipitate 1

i

fer-

1gnin fractions with dai:

ent properties. These 1lignin fractions differ from

each other by molecular weight distribution, e.g. Mw

and Mn, polydispersity, hemicellulose and extractive

contents. The molar mass

higher pH value 1s higher

H

of lignin precipitated at a

F

than the molar mass of 1li1g-

nin precipitated at a lower pH value. Further, the mo-

H

lecular weight distribution of lignin fraction precip-

H

1tated at a lower pH value 1s wider than of 1lignin

fraction precipilitated at

H

properties of the 1lignin

H

the end use of the gluing

The precipitated

a higher pH wvalue. Thus the
can be varied depending on

application.

lignin can be purified from

1norganic 1mpurities, hemicellulose and wood extrac-

tives using acidic washing steps. Further purification

can be achieved by filtrat

10n.

H

In one embodiment of the present 1i1nvention

F

the dry matter content of the lignin 1s below 98 3,

preferably 40 - 80 3%, and

more preferably 50 - 70 %.

H

In one embodiment of the present 1i1nvention

the lignin 1s separated from pure biomass. The separa-

tion process can begin with 1liguidizing the biomass

with strong alkali followed by a neutralization pro-

cess. After the alkalili treatment the lignin can be

preclipltated 1n a similar manner as presented above.

H

F

In one embodiment of the present i1nvention the separa-

ﬁ

tion of lignin from biomass comprises a step of enzyme

treatment. The enzyme treatment modifies the lignin to

be extracted from biomass

. Lignin separated from pure

biomass 1s sulphur-free and thus wvaluable 1n further

processing.

H

The alkali comprises a hydroxide of an alkalil

H

metal. In one embodiment of the present invention the

H

alkalili 1s selected from a group consisting of sodium

hyvdroxide, potassium hydroxide and mixtures thereof.

H
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In one embodiment of the present invention the alkali
1s sodium hydroxide.

In one embodiment of the present invention
the concentration of alkali is 5 - 50 weight-%, and
preferably 10 - 25 welght-% based on the total weight
of the dispersion in step a).

In one embodiment of the present invention
the concentration of 1lignin in step a) is 10 - 50
welght-%, ©preferably 20 - 50 weight-%, and more
preferably 20 - 45 weight-% based on the total weight
of the dispersion in step a).

In one embodiment of the present invention
the temperature in step a) is preferable 50 - 65 °C.

In one embodiment of the present invention
the temperature in step b) is preferable 60 - 75 °C.

In one embodiment of the present invention
step b) 1s carried out for 15 minutes - 24 hours,
preferably for no longer than 5 hours, and more
preferably for 0.5 - 1.5 hours.

The method according to the present
invention, and especially the alkalation steps a) and
b) result 1in the 1lignin being activated. As above
discussed, lignin 1is condensed during acidic isolation
or separation processes. Without limiting the invention
to any specific theory about why alkalation of lignin
results 1n a more reactive lignin being formed, it is

to be considered that the alkalation opens the

macromolecular structure of 1lignin whereby the steric
hindrances that wusually disable reactive groups in
lignin structures are removed. Alkalation may also add
charged groups to the 1lignin macromolecule. The
advantage of using alkalated lignin e.g. for producing
a binder composition 1s that the compatibility and
reaction behavior is much better than in a normal case,
where non-treated lignin has been used in the cooking

or polymerizing stage.

; v K TR AR AR R SRR R T e st T s U R R Y s R e e e T
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H

embodiment of
be

wlth a

vention the compound 1s selected

H

OL

1Ng phenol,

H

thereof.

In one

the compound 1s phenol.

cresol,

ﬁ

embodiment of

Allowing

the present
fore step a),
compound

In one embodiment of

resorcinol

PCT/FI12013/050333

invention

i

the step 1) of

selected from the

H

the present 1n-

from a group consist-
and combinations

the present 1nvention

i

the aliphatic part of

lignin to react with e.g. phenol increases the number

H

Ol

i

Ol

lignin.

H

cy of

reactivi

As the number of

H

lignin during e.qg.

OH-groups

phenolic OH-groups attached to the aliphatic part

lncreases the

H

cep of a

che cooking s

binder production method with the other reactant com-

ponents 1s 1ncreased.
nolated lignin 1s that 1n addition of
the

nolic OH-groups

structure will

creased reactivity of
bling to replace a higher amount of

tants such as phenol with biobased lignin 1in the

attached to

be opened as above discussed.

H

lignin has

binder composition.

In one

step 1)
°C

one embodiment o

for 1 -

used 1n step 1)
(HySOy4) .

111 OIlLle

the method comprises, a
adding an aldehvde,

combination thereof

D) .

rivative of

nin 1s reacted with an aromatic aldehvyde,

In one embodimen

3 hours 1n

In one embodiment of

an aldehvde

H

one embodiment of

H

embodiment of

1s carried out at a temperature of 100 -

the prese

H

The advantage ot

the present

H

alkalating phe-

H

having new phe-

lignin the 1lignin

The 1n-

H

the advantage ot

clld—

F

synthetic reac-

final

invention
140

C . 1In

H

nce oL

a catalys

f the present 1nvention the catalyst

1s an acid, pre:

H

embodiment of

a derivative

H

H

1s, pa

H

L OL

the present

fter step b),

to the dispersion

che present

‘erably sulphuric acid

invention

i

the step 11) of

H

of an aldehvyde,

OY d

formed 1n step

the present 1nvention the de-

raformaldehyde or. 1In

the present 1nvention alkalated 1lig-

or glvyoxal.

—he aro-

invention
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matic aldehyde is furfuryl aldehyde. In one embodiment
of the present invention the aldehyde is formaldehyde.

In one embodiment of the present invention
the alkalated lignin is reacted with an aldehyde, e.qg.
formaldehyde, 1in order to form hydroxymethylated 1lig-
nin. Allowing alkalated lignin to react with e.g. for-
maldehyde further increases the reactivity of lignin as
hydroxymethyl groups are increased, which groups easily
react with the other reactant components during e.g.
the resin cooking step.

In one embodiment of the present invention,
in step 11), the weight ratio of the aldehyde to lignin
in the dispersion from step b) 1is 0.2 - 0.7, and
preferably 0.3 - 0.6.

The present invention further relates to lig-
nin obtainable by the method of the present invention.
In one embodiment of the present invention the lignin
obtainable by the method of the present invention can
be lignin, which has been subjected to alkalation; to
phenolation and alkalation; to alkalation and hy-
droxymethylation; or to phenolation, alkalation and
hydroxymethylation. |

The present invention further relates to a
method for producing a binder composition, wherein the
method comprises the step of:

(111) cooking an aqueous composition compris-
ing reactant components including 1lignin treated ac-
cording to the present invention, a polymerizable sub-
stance and a crosslinking agent in the presence of a
catalyst at a temperature of 60 - 95 °C for polymeriz-
ing the reactant components until a binder composition
with a predetermined viscosity value is formed.

In one embodiment of the present invention
the lignin used in the method for producing a binder
composition is lignin, which has ©been alkalated
according to the present invention. In one embodiment

of the present invention the lignin used in the method
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for producing a binder composition 1s 1lignin, which

has been phenolated and alkalated according to the

H

present 1nvention. In one embodiment of the present

invention the lignin used 1n the method for producing
a bilinder composition 1s lignin, which has been alka-

lated and hvdroxymethvlated according to the present

F

invention. In one embodiment o

the present 1nvention

the lignin used 1n the method for producing a binder
composition 1s lignin, which has been phenolated, al-
kalated and hydroxymethvlated according to the present
invention.

H

In one embodiment of the present 1i1nvention

F

the predetermined viscosity value of the final binder

composition 1s at least 40 cP, preferably at least 50

cP, and more preferably at least 80 cP. In one embodi-

H

ment of the present 1nvention the predetermined vis-

i

cosity value of the final binder composition 1s at

least 40 but not more than 250 cP, preferably at least

50 ¢cP but not more than 150 c¢cP, and more preferably at
least 80 but not more than 120 cP.

H

In one embodiment of the present 1i1nvention

F

the predetermined viscosity value of the final binder

composition 1s at least 250 c¢P, preferably at least

300 cP, and more preferably at least 500 c¢cP. In one

F

embodiment of the present i1invention the predetermined

i

viscosity value of the final binder composition 1s at
least 250 c¢cP but not more than 1500 cP, preferably at

H

least 300 cP but not more than 1200 c¢cP, and more pref-
erably at least 500 but not more than 1000 cP. The

viscosity 1s measured at 25 °C using a rotary viscome-

H

ter. The predetermined viscosity value of the final

binder composition may vary depending on the specific

application where the binder composition 1s to be

used.

i

The precise order of combining and/or adding

che components needed for the binder composition pro-

duction may vary depending e.g. on the required prop-
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ﬁ H

erties of the formed binder composition. The choice of

I

the sequence of combining and/or adding the reqguired

H

components 1s within the knowledge of the skilled per-

F

son. The precise amount of the components used for

producing the binder composition may vary and the

H H

choice of the amounts of the di

H

"erent components 1s

H

within the knowledge of the skilled person based on

this specification. The temperature can be controlled

H

during the production of the binder composition by

cooling and/or heating the composition.

H

The essential feature of the binder produc-

c1on method 1s that the reactant components, e.g. 1li1g-
nin treated according to the present 1nvention, the
crosslinking agent and the polymerizable substance,
are allowed to react with each other 1n an agueous en-

H

vironment 1n the presence of a catalyst and under

heating such that the reactant components are truly
synthesized together and not jJust physically mixed to-
gether.

H

The method of the present 1nvention surpris-

1ngly results 1n a more environmentally friendly bind-

er composition since 1n the binder production method

the natural polymer lignin, which 1s a phenolic poly-

H

mer, has replaced at least part of the synthetic phe-

ﬁ

nol substance usually used 1n the production of phe-

nolic compositions such as phenol formaldehyde resin.

Without limiting the 1nvention to any specific theory

H

about why the method of the present inventions results

1n the aforementioned advantage, 1t 1s to be consid-

H

ered that the suitability of replacing at least part

H

of e.g. the phenol with lignin 1s due to the fact that

i

lignin, the reactivity of which has been i1ncreased by

H H

the method of the present 1nvention, effectively react

with an aldehyde, such as formaldehyde, 1n a quite

similar manner as phenol.
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F

In one embodiment of the present i1nvention

the agqueous composition further comprises tannin as a

reactant component.

H

In one embodiment of the present 1nvention

the tannin used originates from any wood speciles. Tan-

nin may origilnate from e.g. bark or heartwood. Quebra-

cho tree, beech tree and wattle tree are presented as

H I

examples of possible sources of tannin. In one embodl-

H

ment of the present 1nvention the tannin used origil-

nates from softwood bark. In one embodiment of the

present 1nvention the tannin 1s separated from soft-

H

wood bark of debarking units 1n sawmills or pulp

mills. The separation process can be combined with an

ethanol extraction process, a hot water extraction

process, a hot steam extraction process or a water-

H

ethanol extraction process of softwood bark. In one

H

embodiment of the present i1nvention the tannin 1s con-

densed tannin. Condensed tannin has a high dry content

and 1s therefore suiltable to be used 1n the present

I

invention. The dry matter content of condensed tannin

Q

may vary between 40 - 100 3 and 1s sultably between 060

O O

- 90 % and preferably between 70 - 80 3. Tannin with

such dry matter content can easily Dbe dispersed,

whereby a good reactivity with the other reactant com-
ponents 1s achieved. The tannin may also be hydrolysa-
ble tannin.

H

In one embodiment of the present 1i1nvention

step (111) comprises cooking the composition prefera-

i

bly at a temperature of 65 - 90 °C, and more prefera-

H

bly at a temperature of 75 - 85 °C.

H

In one embodiment of the present 1nvention

the crosslinking agent 1s selected from a group con-

H

an aldehvyde, a derivative of an aldehvyde,

H

s1sting O

H

an aldehvde forming compound and combinations thereof.

H

In one embodiment of the present 1nvention the deriva-

H

c1ve of an aldehvyvde 1s hexamethvylenetetramine, para-

H

formaldehyde or trioxane. In one embodiment of the
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present 1nvention the c¢rosslinking agent 1s selected

i

from a group consisting of

an aromatic aldehyde, gly-

oxal, furfuryl alcohol, caprolactam and glycol com-

pounds. The aldehyde can be

aldehyvde can be furfuryl aldehyde.

H

bio-based crosslinking agent.

formaldehvde.

The aromatic
In one embodiment

of the present 1invention the crosslinking agent 1s a

F

In one embodiment of the

present i1nvention the c¢rosslinking agent 1s an alde-

hvde, and preferably formaldehvde.

the polymerizable substance 1s selected

H

consisting of phenol, cresol,

ﬁ

H

In one embodiment of the present

invention

from a group

resorcinol and combina-

H

tions thereof. In one embodiment of the present i1nven-

tion the polymerizable substance 1s

H

bodiment of the present i1nvention

phenol.

In one em-

the polymerizable

H

substance 1s selected from a group consisting of bio-

based hydroxyphenols and their derivatives.

H

In one em-

bodiment of the present 1nvention the polymerizable

substance 1s a bio-based polymerizable substance. In

i

one embodiment of the present 1nvention the polymeriz-

able substance 1s selected

lignin and tannin.

~he catalyst in step 1i1)

ﬁ

droxide of an alkali metal.

present 1nvention the catalyst 1n step 111)

ed from a group consisting of

sium hydroxide, acids and any mixture thereof.

H

embodiment © the present

comprises a salt

H

H

In one embodiment of the present

from a group consisting of

H

invention

or a hy-

In one embodiment of the

18 select-

sodium hvydroxide, potas-

H

111 OIlLle

invention the catalyst 1in

step 111) 1s sodium hydroxide.

the relation between the

amounts oI

H

i

lyst/solvent, polymerizable substance,

1ng agent, based on their dry contents,

ducing the binder composition 1s the

Q

710 weight-3, preferably 26

45 we1ligh

linking agent and catalyst/solvent,

In one embodiment of the present

invention

lignin, cata-

and crosslink-

used

Q

and

O

for pro-

following: 18 -

H

I CIross-—

sz — 30
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welght-%, preferably 74 - 55 weight-%, of the polymer-

1zable substance and lignin.

The present 1nvention further relates to a

H

binder composition obtainable by the method of the

present 1nvention.

The present 1nvention further relates to an
adhesive composition comprising the binder composition

according to the present 1nvention. The adhesive com-

position can further comprise one or more adhesive

H

components selected from a group consisting of other

binders, extenders, additives, catalysts and fillers.

A binder 1s a substance, which 1s mainly responsible

H

for creating the growing and cross-linking of polymer

H

and thus assists 1n the curing of polymer systems. An

extender 1s a substance, which assists the binder by

adjusting physical properties for example by binding

molisture. The additive can be a polymer or an 1norgan-

1c compound, which assists 1n properties like filling,

softening, reducing costs, adjusting moilisture, 1n-

H

creasling stiffness and 1ncreasing flexibility. The

catalyst 1s a substance, which usually boosts and ad-

Justs the curing speed. By “substance” 1s herein to be

understood as 1ncluding a compound or a composition.

H

The binder composition of the present 1nvention may

serve as a binder, an extender, an additive, a cata-

lyst and/or a filler in the adhesive composition.

The present 1nvention further relates to the

F

use of the binder composition 1n an 1mpregnation ap-

plication, as a coating, for strengthening plastic,

for producing a compressed casting, a moulding, a lam-

1lnate or a lacquer, or for gluing a wood product. The

I

binder composition of the present 1nvention can further

H

be used for gluing combinations of plastic and wood.

The present 1nvention further relates to the

i i

use of the adhesive composition of the present 1nven-

ci1on for gluing a wood product.
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H

embodiment of the present i1nvention

the wood product 1s selected from a group consisting

H

of a wood board,

111 OILe

a wood veneer, and a wood bar.

ﬁ

embodiment of the present invention a

H

layered composite structure can be formed of two or

more lavers 1including at least one wood veneer laver,

wherein the layers are arranged the one above the oth-

i

er and combined by means of gluing with the binder

composition according to the present invention and/or

the adhesive composition according to the present 1in-

vention.
ed, the

In this specification, unless otherwise stat-

cerm Ywood veneer” 1s used to address a ve-

H

neer, which can be formed of any material, e.g. wood-

based ma

the like.

terial,

fiber material, composite material or

H

In this context, the thickness of the wood ve-

F

neer can pe varied. Typically the thickness of wood ve-

neer 1s below 3 mm.

In one

H

embodiment of the present 1nvention

the lavyered composite structure 1s selected from a

group consisting o©O

product,
product.

I

H

a wood panel product, a plywood

a composite product, and a pressed panel

The layered composite structure can be formed

H

of a number of layers, preferably wood veneer layers, 1n

which the layers are laid one upon the other and glued

together.

H

The embodiments of the 1nvention described

hereinbe:

"ore may be used 1n any combination with each

H

other. Several of the embodiments may be combined to-

gether to
A method,

tion 1s related, may comprise at least one ©

i

i

form a further embodiment of the 1nvention.

a composition or a use, to which the inven-

F

the em-

bodiments of the invention described hereinbefore.

present

e.g. separated

and also

creased.

H

An advantage of the method according to the

H

invention 1s that the reactivity of 1lignin

_he he

from bilomass can be markedly 1ncreased

H

cerogenic nature of lignin can be de-
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H

An advantage of the present invention 1s that

i

the reactivity of lignin can be 1ncreased by the meth-

od, and especially the alkalation step, according to
the present i1invention. Lignin treated with the method
according to the present 1i1nvention has an 1i1ncreased

H

number of reactive groups along the 1lignin structure

compared to non-treated lignin.

I

An advantage of the method according to the

present 1nvention 1s that by using lignin, the reac-

H H

tivity of which has been i1increased by the method of

the present i1invention, as a reactant component during

H

che production of a binder composition a more environ-

mentally friendly binder composition 1s achieved. Sur-

prisingly 1t has been found out that when using this

H

kind of lignin as a reactant component the amount of

the polymerizable substance, such as the synthetic
phenol substance, e.g. phenol, can be markedly de-
creased during the binder production process. As the
phenol being a synthetic compound and lignin being a
natural polymer, 1t 1s advantageous to be able to min-

H

imize the amount of phenol present i1in the final binder

F H

composition. The advantage of reducing the amount of

H

synthetic materials 1s that a higher level o0of bio-

based components 1s achieved 1n the final binder com-

position.

i

An advantage of the present invention 1s that

by using lignin having 1ncreased reactivity compared

F

to non-treated lignin, the properties of the final

binder composition are more favorable for gluing ap-
plications. Lignin treated with the method according
to the present i1invention enhances curing, adhesion and

i

tensile strength performance of the binder composi-

H

tion. An advantage of the present invention 1s that

H

the gluing performance of the binder composition or

the adhesive composition produced 1s suilitable for us-

1ng the composition e.g. 1n exterior applications.
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An advantage 1s that when using lignin, which
has higher reactivity than normal, non-treated lignin

results 1n even better compatibility and reaction be-

F

havior o the binder production method according to

the present invention.

EXAMPLES

Reference will now be made 1n detail to the

H H

embodiments of the present 1nvention, an example of

which 1s 1llustrated 1n the accompanying drawlng.

The description below discloses some embodl-

H

ments of the invention 1n such a detail that a person

skilled 1in the art 1s able to utilize the 1nvention

based on the disclosure. Not all steps of the embodili-

H

ments are discussed 1n detail, as many of the steps

will Dbe obvious for the person skilled 1n the art

based on this specification.

Figure 1 1llustrates a method according to

H

some embodiments of the present invention for 1ncreas-

i i
p—

1ng the reactivity of lignin and the further use of

the lignin.

H H

ferent combinations of

Fi1g. 1 presents di:

treatment steps, which can be used for 1ncreasing the

H

reactivity of lignin. Fig. 1 1llustrates the phenola-

tion step 1), the alkalation steps a) and b) and the

hyvdroxymethylation step 11) and their combinations for

treating 1lignin. Lignin having 1i1ncreased reactivity

compared to non-treated lignin can be further used 1in

H

synthesizing a binder composition, step 111) of Fig.

1, or 1t can be used for any other suiltable applica-

tion as 1llustrated 1in Fig. 1.

H

Betore any of the treatment steps the source

H

of lignin 1s chosen. As presented above, lignin can be

selected from kraft lignin, biliomass originating 1lig-

nin, lignin from alkaline pulping process, lignin from

soda process, lignin from organosolv pulping, and com-

ﬁ

binations thereof. Also the other components and their
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amounts to be used 1n the method according to the pre-

i

sent 1nvention are selected. If needed, the components

H

used 1n the method of Fig. 1 can be pretreated to be

sultable for the lignin treatment processes.

Following the wvarious preparations and pre-

H H

treatments, 1n one of the embodiments of the present

invention shown 1n Fig. 1, step 1) 1s carried out.

Step 1) comprises reacting lignin with a compound se-

H H

lected from the class of phenols 1n the presence of a

H H

catalyst. As a result of step 1) of phenolation, reac-

tive phenolic OH-groups are attached to the aliphatic

H

portion of lignin.

After step 1), step a) 1s to be carried out.

Alternatively, the lignin can be directly treated ac-

cording to step a) without firstly being treated 1in

accordance with step 1) as 1s 1llustrated in Fig. 1.

Step a) comprises forming an agueous disper-

sion comprising alkali and lignin under heating. The

H

alkalili comprises a hydroxide of an alkall metal. Then

step b) 1s carried out by heating the formed disper-

H

sion at a temperature of 50 - 95 “C. Step a) and step

b) result in the lignin being activated through alka-

lation.

After step Db) the alkalated lignin fraction

F

can be 1ntroduced i1into the cooking step of the binder

composition production method, during which said 1lig-
nin 1s polymerized with the other reactant components
used 1n the binder composition production method (step

i

iii) of Fig. 1).

Alternatively the alkalated lignin from step

b) can be further reacted with an aldehyde 1n step 11)

H

before being 1ntroduced 1nto the synthesis of binder

composition. Step 11) 1s carried out by adding e.qg.

F

formaldehyde 1nto the dispersion of alkalated lignin

from step Db), which results 1n a hvydroxymethylated

product being formed.
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As a result of step iii) a binder composition
having desired properties and especially being for most
parts based on biobased components is produced. This
binder composition can be used as such for gluing
applications or it can be further processed with other
adhesive components for producing an adhesive composi-
tion.

As above presented, in addition to using the
alkalated 1lignin from step b) or hydroxymethylated
lignin from step ii) in a method for producing a binder
composition, the alkalated lignin or hydroxymetylated
lignin can be used as such 1in any other suiltable

application.

EXAMPLE 1 - Alkalation

In this example the reactivity of 1lignin was
increased by alkalating the lignin. The following com-

ponents and their amounts were used:

concer-

tration amount (g)

water 836
NaOH 50 % 584
lignin 715 % 1270

Firstly, water and NaOH were mixed and heat-

ing of the mixture was started. Then 1lignin was dis-
persed slowly into the mixture of alkali and water with

agitation and simultaneously the temperature was
increased up to 60 °C. When all of the lignin had been
dispersed, the dispersion was heated at a temperature
of about 75 °C for 1.5 hours. As a result the lignin
became alkalated.

Lignin treated in accordance with Example 1

was thereafter used for producing a binder composi-
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tion. 38 g of phenol (90 %) were mixed with 105 g of

H

alkalated lignin, after which 79 g of formaldehyde (37

%) was added 1n a stepwise manner. NaOH was used as

catalyst. The temperature was kept under 75 °C. There-

after the cooking was continued at 85 - 90 °C until

H

the viscosity of the formed composition was about 415

H

cp (as measured at a temperature of 25 °“C).

The formed binder composition or resiln was

thereafter subjected to DSC measurements, the results

H

of which can be seen 1n Fig. 2.

A comparative example 1 was formed by using

lignin that had been treated in the following manner:

The following components and their amounts

were used:

CONCEIl—

tration amount (g)

water 330
NaOH 00 % 084
lignin 15 % 1270

Firstly, water and NaOH were mixed and heat-

H

1ng of the mixture was started. Then lignin was added

H

into the mixture of alkali and water with agitation

and simultaneously the temperature was 1ncreased up to
95 °C. When the lignin had been added, the mixture was

H

heated at a temperature of about 90 °C for 1 hour.

Lignin from comparative example 1 was used

for producing a comparative binder composition 1 1n a

similar manner as above described. The formed compara-

tive binder composition was also subjected to DSC

measurements.

F

The results from the DSC measurements of com-

parative binder composition 1 are presented 1n Fig. 3.

As can be seen from Fig. 2, the binder compo-

sition formed by using lignin alkalated according to
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the present 1nvention shows only one distinct peak. On

the contrary, as can be seen from Fig. 3, the compara-

tive binder composition showed several peaks.

H

The distinct peak of Fig. 2 1ndicates that

alkalated lignin has reacted with phenol and formalde-

hyvde forming a homogenous and uniform polymer struc-

ture. The several distinct peaks 1n Fig. 3 1ndicate

that phenol and formaldehyde react without a reaction
with alkalated lignin or only partly together with al-
kalated lignin.

i

Without limiting the 1nvention to any specif-

H

1c theory about why alkalation of lignin 1n accordance

with the present 1nvention results 1n this advanta-
geous result, 1t 1s to be considered that lignin alka-

lated 1n accordance with comparative example 1 remains

1n 1ts original particle form or 1s agglomerated into

larger clusters whereby the alkalation process 1s able

H H

"ect only the surface of such clusters or parti-

CLO a

H

cles. Alkalation of lignin 1n accordance with the pre-

sent 1nvention results 1n lignin being well dispersed

or dissolved when the alkalation process begins. AS

F

greater part or area of the lignin being alkalated,

i

the reactivity of lignin 1s i1ncreased compared to lig-

nin alkalated 1n accordance with the process of the
comparative example. As lignin has an 1ncreased reac-

tivity, 1t will easily react with the other reactant

components during the binder composition production.

4

EXAMPLE 2 - Alkalation, low temperature

H

In this example the reactivity of lignin was

increased by alkalating the lignin. The following com-

ponents and their amounts were used:

CONCEIl—

cration  amount (g)
water 330
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NaOH 50 % 584
lignin 15 % 1270

Firstly, water and NaOH were mixed and heat-

H

1ng of the mixture was started. Then lignin was dis-

H

persed slowly 1nto the mixture of alkalili and water

with agitation and simultaneously the temperature was

H

increased up to 60 °C. When all of the lignin had been

dispersed, the dispersion was heated at a temperature

H

of about 60 °C for about 1 hour. As a result the lig-

nin became alkalated.

EXAMPL.

L]

3 — Alkalation, high temperature

H

In this example the reactivity of lignin was

increased by alkalating the lignin. The followlng com-

ponents and their amounts were used:

COnNnCerl—

tration amount (g)

water 330
NaOH 00 % 084
lignin 15 % 1270

Firstly, water and NaOH were mixed and heat-

H

1ng of the mixture was started. Then lignin was dis-

H

persed slowly 1nto the mixture of alkalili and water

with agitation and simultaneously the temperature was

I

increased up to 60 - 70 “C. When all of the lignin had

been dispersed, the dispersion was heated at a temper-

H

ature of about 90 - 95 °C for about 1 hour. As a re-

sult the lignin became alkalated.

EXAMPLE 4 - Phenolation 1n combination with alkalation

L]

i

and use of treated lignin for producing a binder com-

position
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In this example the reactivity of lignin was
increased by phenolating and alkalating the 1lignin,

where after the treated lignin was used for producing a
pinder composition.
Firstly the phenolation was performed. The

following components and their amounts were used:

concen-

tration amount (qg)

water 304
phenol 90 % 381
lignin 98 % 446
H,504 96 % 9

Water, phenol and lignin were mixed under ag-
itation for about 5 - 10 minutes after which H,SO, was
added. Then, the temperature was slowly increased up to
135 °C during a period of about 3 hour and kept at that
temperature for about one hour. Then the mixture was
cooled and the treatment ended resulting in phenolated
lignin.

Then the phenolated lignin was alkalated. 430
g of phenolated lignin was mixed with 150 g 50.0 % NaOH
under heating. Then the dispersion was heated at a
temperature of 75 °C for about 1 hour.

As a result of the above treatments, pheno-
lated and alkalated lignin was formed.

After the phenolation and alkalation treat-
ments, 38 g of water and 38 g of phenol (90 %) were
added to the composition, after which 368 g of formal-
dehyde (39.3 %) was added in a stepwise manner. The
temperature was kept under 75 °C. Thereafter the cook-
ing was continued at 85 - 90 °C until the viscosity of
the formed composition was about 415 cp (as measured at

a temperature of 25 °C).



10

15

20

29

30

335

CA 02856145 2014-04-11

24

EXAMPLE 5 - Alkalation 1in combination with hy-
droxymethylation and use of treated lignin for produc-

ing a binder composition.

In this example the reactivity of lignin was
increased by alkalating and hydroxymethylating the
lignin, where after the treated 1lignin was used for
producing a binder composition. The following compo-

nents and their amounts were used:

water 220 g
NaOH (first part, alkalation) 50 % 146 g
lignin 61 % 752 g
formaldehyde (first part,
hydroxymethylation) 39.30 % 514 g
rhenol 90 % 510 ¢
formaldehyde (second part,

binder formation) 39.30 % 566 g
NaOH (second part,

binder formation) 50 % 146 g
NaOH (third part,

binder formation) 50 % 146 g

Firstly, water and NaOH were mixed and heat-
ing of the mixture was started. Then lignin was dis-
persed slowly into the mixture of alkali and water with

agitation and simultaneously the temperature was

increased up to about 75 °C. When all of the lignin had
been dispersed, the dispersion was heated at about 75
°Cc for about 1 hour. As a result the lignin became
alkalated. Then formaldehyde was added to the disper-
sion and the reaction was allowed to continue for about
1 hour resulting in the lignin being hydroxymetylated.
The treated lignin was used for produclng a
binder composition. The phenol was added to the compo-
sition, followed by the addition of formaldehyde and
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then NaOH. Cooking of the formed composition was con-

i H

tinued, with addition of NaOH, at a temperature of 70

H

- 90 °C until the viscosity of the formed composition

H

was about 300 cp (as measured at a temperature of 25
“C) .

EXAMPLE 7 - Preparing an adhesive composition

In this example the binder composition pro-

H

duced 1n Example 4 was used for the production of an

adhesive composition. The binder composition was mixed

with extenders, fillers, catalysts, additives, as ex-

F

amples of which e.g. starch, wood flour and hardener

(e.g. tannin or carbonates) can be mentioned, thus

forming the adhesive composition.

EXAMPLE 8 - Applyving the binder composition for pro-
ducing a plywood product

I

Wood wveneers having the thickness of below 3

mm were glued together with the binder composition

produced 1n Example 5 for producing a 7-plywood. Re-

sults showed that the gluing effect was sufficiently
good for gluing wood veneers.
EXAMPLE 9 - Applying the adhesive composition for pro-

ducing a plywood product

i

In this example the adhesive composition of

Example 7 was applied onto wood veneers. The wood ve-

neers were jolned together by the adhesive composition

for forming a plywood. The dry matter content of the

adhesive composition was between 45 and 55 %. The wood
veneers with the adhesive composition were pressed by

hot-pressing technigque at a temperature between 120 -

170 °C. The adhesive composition was simultaneously

F

cured. The adhesive composition of the present i1nven-
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tion was Ifound sultable for gluing wood veneers to-

gether and thus for manufacturing plywood.

EXAMPLE 10 - Applyving the binder composition for pro-

0 ducing laminates

In this example the binder composition as

produced 1n Example 4 was used 1n an 1mpregnation ap-

H

plication. During the production of laminates paper

10 was 1mpregnated with an alcohol solution of the binder

composition, after which the 1mpregnated lavyers were

cransferred 1nto a furnace. The alcohol was volati-
lized and the binder composition was partly cured. The
layers comprising such semi-cured composition were ar-

15 ranged the one above the other and baked by a hot-

pressing technique 1n order to form uniform thicker

boards or laminates.

In the binder production method presented 1in

20 the examples above, phenol and formaldehvde are used.
However, any other polymerizable substance or cross-

linking agent can be equally well used 1in the binder

composition production method as will be obvious for

che skilled person based on this specification.

25 It 1s obvious to a person skilled in the art

H

that with the advancement of technology, the basic

H

1dea of the 1nvention may be 1mplemented 1n wvarious

ways. The 1nvention and 1ts embodiments are thus not

limited to the examples described above; 1nstead they

H

30 may vary within the scope of the claims.
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The embodiments of the present invention for
which an exclusive property or privilege 1is claimed are

defined as follows:

1. A method for increasing the reactivity

of lignin, wherein the method comprises the following
steps:

a) forming, under heating at a temperature
of 30 - 70°C, an agueous dispersion comprising
alkali and lignin, whereilin the alkall comprises a
hyvdroxide of an alkali metal; and

o) heating the dispersion formed in step a)
at a temperature of 50 - 095°C for producing

alkalated lignin.

2. The method of <claim 1, wherein the
concentration of alkali is 5 - 50 weight-%, based on

the total weight of the dispersion in step a).

3. The method of claim 1 or claim 2,
wherein the concentration of alkali is 10 - 25 welght-
%, based on the total weight of the dispersion 1n step

aj .

4, The method of any one of claims 1 to 3,
wherein the concentration of lignin is 10 - 50 weight-
%, based on the total weight of the dispersion in step

a) .

0. The method of any one of claims 1 to 4,
wherein the concentration of lignin is 20 - 50 weight-
%, based on the total weight of the dispersion in step

a) .
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0. The method of any one of claims 1 to 5,
wherein the concentration of lignin 1s 20 - 45 weight-

%, based on the total weight of the dispersion in step

a) .

7. The method of any one of claims 1 to 6,
wherein the temperature in step a) 1s 50 - 65°C.

8 . The method of any one of claims 1 to 7,

wherein the temperature in step b) is 60 - 75°C.

9. The method of any one of claims 1 to 8,
wherein step b) 1s carried out for 15 minutes - 24

hours.

10. The method of any one of claims 1 to 9,

1

b) is carried out for no longer than 5

wherein step

hours.

11. The method of any one of claims 1 to 10,

wherein step b) 1s carried out for 0.5 - 1.5 hours.

12. The method of any one of claims 1 to 11,

wherein the method further comprises, before step a),

the step 1) of reacting lignin with a compound selected

from the class of phenols.

13. The method of claim 12, wherein step 1)
is carried out at a temperature of 100 - 140°C for 1 -

3 hours in the presence of a catalyst.
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14. The method of any one of claims 1 to 13,

wherein the method further comprises, after step b},
the step 11) of adding an aldehyde,
hexamethylenetetramine, paraformaldehyde or trioxane,

or a combination thereof to the dispersion formed in

step b).

15. The method of <c¢laim 14, wherein the
welght ratio of the ald&hyde to the 1lignin in the

dispersion from step b) 1s 0.2 - 0.7.

16. The method of <c¢laim 15, whereln the
welght ratio of the aldehyde to the 1lignin 1in the

dispersion from step b) 1s 0.3 = 0.6.

17. The method of any one of claims 14 to
16, wherein the aldehyde is formaldehyde.

18. A method for producing a binder

g

composition, wherein the method comprises the step of:

(111) cooking an agueous composition

comprising reactant components 1ncluding 1lignin
obtained by the method of any one of claims 1 to
17, a polymerizable substance and a crosslinking
agent 1in the presence of a catalyst at a
temperature of 60 - 95°C for polymerizing the
reactant cocmponents until a binder composition
with a predetermined viscosity value 1s formed,

and wherein the polymerizable substance 1s
selected from the group consisting of phenol,

cresol, resorcinol and combinations thereof, and

the crosslinking agent 1s an aldehyde.
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19. The method o¢f <claim 18, wherein step

(111) comprises cooking the  composition  at a

temperature of 65 - 90°C.

20. The method of c¢laim 19, wherein step

(111) comprises cooklng the composiltion at a

temperature of 75 - 85°C.

21. The method of any one of claims 18 to

20, wherein the crosslinking agent 1s formaldehyde.

22. The method of any one of claims 18 to

21, wherein the catalyst 1s selected from the group

P

consisting of sodium hydroxide, potassium hydroxide and

any mixture thereof.

23. A binder composition obtained by the

method of any one of claims 18 to 2Z2.

24. An adhesive composition comprising the

binder composition of claim 23.

25. Use of the binder composition of claim
23 in an impregnation application, as a coating, for
strengthening plastic, for producing a compressed

casting, for producing a laminate, for producing a

lacquer, or for gluing a wood product.

26. Use of the adhesive composition of clailim

24 for gluing a wood product.
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