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(57) Abstract: The mvention relates to a method for producing a binder composition, wherein the method comprises the following

steps: (1) for

‘ming an aqueous composition comprising reactant components including lignin, a polymerizable substance and a cross -

linking agent in the presence of a catalyst; (11) cooking the formed composition until the composition has a viscosity, which corres -

ponds to 45

95 % of a predetermined viscosity value of the final binder composition; (i11) adding tannin as a reactant component to

the composition; and (1v) cooking the composition at a temperature of 60 —95°C for polymerizing the reactant components until a
binder composition with a predetermined viscosity value 1s formed.
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A METHOD FOR PRODUCING A BINDER COMPOSITION, A BINDER
COMPOSITION, AN ADHESIVE COMPOSITION, A LAYERED COMPO-
SITE STRUCTURE, AND USES OF THE BINDER COMPOSITION AND
THE ADHESIVE COMPOSITION

FIERLD OF THE INVENTION

-

T'he 1nvention relates to a method for produc-

ing a binder composition. Further, the 1nvention re-
lates to a binder composition. Further, the 1nvention
relates to an adhesive composition, to a layered com-
proslte structure and to the uses of the binder compo-

si1tion and the adhesive composition.

BACKGROUND OF THE INVENTION

Tannin and lignin are natural polymers, which
can be extracted from e.g. the bark of wood. For exam-
ple the tannin content of Nordic softwood species,
such as pine and spruce, 1s about 5 - 20 =%.

As tannin and lignin are natural biopolymers
thelr use as components 1n glues 1nstead of synthetic
materials has been 1nvestigated 1n order to come up

with a more environmentally friendly adhesive composi-

tion. Especially, the ability to replace synthetic

phenol 1in final phenolic resinsg, such as phenol for-
maldehyvde resin, has been the object of prior art.

Prior art discloses different types of adhe-

slve compositions, such a phenolic glues, to be used

with wood products. Examples of such glues 1nclude

compositions comprising phenol formaldehyde resin.
Traditionally synthetic phenol formaldehyde resins are

produced by polymerizing phenol and formaldehyde 1in

the presence of a catalyst. Examples of such catalysts
are sodium hvdroxide (NaOH) and acids. The method for
producing phencol formaldehyde resin comprises adding
formaldehyvde 1n a stepwise manner to a phenol composi-

tion and thereafter rising the temperature of the
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formed composition up to 80 - 90 °C. The composition
1s cooked at this temperature until a desired viscosi-
ty of the formed resin or polymer chain length 1s
reached.

Prior art recognizes the use of lignin for
the purpose of decreasing the amount of synthetic phe-

nol 1n a resin composition. Lignin has previously been

used for replacing phenol during the production of

lignin-phenol-formaldehyde resin.

Also the use of tannin 1in adhesive composi-
tions has previously been 1nvestigated. However, such
production methods disclosed 1n prior art comprlises
only physical mixing of the tannin or 1ts derivative
into other components such as phenol formaldehvde res-
in to get a final glue composition.

Drawback of the prior art techniques, and es-

peclally of the tannin based production methods, 1s

however that 1t has only been able to replace up to 30

s of the synthetic phenol 1n the final resin, e.qg.
phenol formaldehyde resin, with tannin. Higher re-
placement results 1n unsatisfyving properties of the
produced glue.

The 1nventors have therefore recognized the
need for a method, which would result 1n a higher phe-

nol replacement 1n the composition and thus 1n a more

environmentally friendly binder composition.

PURPOSE OF THE INVENTION

The purpose of the 1nvention 1s to provide a
new type of method for replacing at least part of the

amount of synthetic materials used during the produc-

tion of a binder composition. Especially the purpose

1s to produce a more environmentally friendly binder

composition to be used e.g. 1n adhesive applications.

SUMMARY
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In one embodiment, the present invention provides a
method for producing a binder composition, characterized in
that the method comprises the following steps:

(i) forming an aqueous composition comprising reactant
components including lignin, a polymerizable substance and a

crosslinking agent in the presence of a catalyst;

(11) cooking the formed <composition until the

o°

composition has a viscosity, which corresponds to 45 - 95
of a predetermined viscosity value of the final bainder
composition;

(iii) adding tannin as a reactant component to the
composition; and

(iv) cooking the composition at a temperature of 60 -
05 °C for polymerizing the reactant components until a binder
composition with a predetermined viscosity value 1s formed.

According to one aspect of the present invention there

is provided a method for producing a binder composition,

wherein the method comprises the following steps:

(i) forming an agqueous composition comprising reactant

components including: lignin; a polymerizable substance; and

y—

s crosslinking agent in the presence of a catalyst;

(11) cooking the formed composition until the

composition has a viscosity, which corresponds to 45 to 95%

R

of a predetermined viscosity value of the final binder

composition;

(iii) adding tannin as a reactant component to the
composition; and

(iv) cooking the composition at a temperature of 60 to
05°C for polymerizing the reactant components of steps (1)
and (iii) until a binder composition with a predetermined
viscosity value is formed.

According to a further aspect of the present inventlon

there is provided a binder composition obtained by a method

as described herein.

CA 2832108 2018-09-05
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According to another aspect of the present invention
there is provided an adhesive composition comprising the
binder composition as described herein.

According to yet another aspect of the present invention
there is provided a layered composite structure formed of two
or more layers including at least one wood veneer layer,
wherein the layers are arranged the one above the other and
combined by means of gluing with the binder composition as
described herein.

According to still another aspect of the present
invention there is provided a method of preparing a product,
the method comprising applying a binder composition as
described herein to a substrate, wherein applying the binder
composition results in impregnation of the composition in the
substrate, in coating the substrate, 1in strengthening a
plastic substrate, in a compressed casting, 1n a laminate or

a lacquer, or in gluing of a wood substrate.

| -

According to a further aspect of the present invention
there 1is provided a method of gluing a wood product

comprising applying an adhesive composition as described

herein to a wood substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing, which is included to provide

a further understanding of the invention and constitutes a
part of this specification, 1illustrates one embodiment of the
invention and together with the description helps to explain
the principles of the invention. In the drawlng:

Fig. 1 is a flow chart illustration of a method

according to one embodiment of the present inventilon.

DETAILED DESCRIPTION OF THE INVENTION

A method according to the present 1nvention for

producing a binder composition comprises the following steps:

CA 2832108 2018-09-05
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(i) forming an aqueous composition comprising reactant
components including lignin, a polymerizable substance and a

crosslinking agent in the presence of a catalyst;

(i1) cooking the formed composition until the

5 composition has a viscosity, which corresponds to 45 -

CA 2832108 2018-09-05
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95 % o0of a predetermined viscosity value of the final

binder composition;

(111) adding tannin as a reactant component
to the composition; and

(1v) cooking the composition at a temperature
of 60 - 95 °C for polymerizing said reactant compo-

nents until a binder composition with a predetermined

viscosity value 1s formed.

In one embodiment of the present 1nventlion
step (1) of forming the agueous composition comprilses
the following steps:

(La) forming a dispersion comprising lignin;
and

(1b) adding polymerizable substance and
crosslinking agent to the formed dispersion for form-
1ng the aqueous composition.

In one embodiment all of the amount of the

polymerizable substance, e.g. phenol, used 1s added at

once 1nto the composition. In one embodiment of the
present 1nvention the crosslinking agent, e.g. alde-
hyde, 1s added 1n a stepwise manner. Adding the alde-
hyde 1n a stepwlse manner ensures that the temperature
of the composition 1s not 1i1ncreased too much or too
quickly.

In one embodiment of the present 1nvention

step (ia) and/or step (ib) comprises adding tannin as

a reactant component. Especially 1f a greater amount
of tannin 1s to be used 1n the production of the bind-

er composition, then tannin can be added also during

step (ia) and/or (ib) in addition to step (iii). In
one embodiment of the present i1invention 30 - 95
welight-%, preferably o060 - 95 weight-3, of the total

amount of tannin used 1n the method 1s added during
step (ia) and/or (ib). In one embodiment of the pre-
sent 1nvention the amount of tannin added during the

different method steps 1s determined based on e.g. the

type and/or the properties of the lignin used.
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In one embodiment of the present 1nvention
step (1b) comprises adding catalyst.

In one embodiment of the present 1i1nvention
step (1a) comprises dissolving lignin in a solvent. In
one embodiment of the present 1nvention the solvent
comprises sodium hydroxide. In one embodiment of the
present i1nvention step (1a) comprises adding water.

The temperature of the dispersion may 1n-
crease during step (1a) from room temperature up to 65
“C.

In one embodiment of the present 1nvention
step (1) comprises keeping the composition at a tem-
perature of at most 65 °C.

In one embodiment of the present 1nvention
step (11) comprises keeping the temperature of the
composition between 20 - 95 °C, preferably between 20
- 85 °C, and more preferably between 20 - 80 °C.

In one embodiment of the present 1nvention
step (11) comprises step (11a), where the temperature
is kept between 20 - 75 “C, preferably between 20 - 70
°C, and more preferably between 20 - 65 °C. Step (iia)
comprises ensuring that lignin 1s dissolved. In one
embodiment of the present i1nvention step (11) compris-
es, after step (11a), step (11b), where the tempera-
ture i1is kept between 30 - 95 °C, preferably between 40
- 95 °C, and more preferably between 45 - 90 °C.

In one embodiment of the present 1nvention
the temperature of the composition 1s decreased below
70 °C, preferably below 65 °C, and more preferably be-
low 60 “C before step (ii1i).

In one embodiment of the present 1nvention

step (1v) preferably comprises cooking the composition
at a temperature of 65 - 90 °C, and more preferably at
a temperature of 75 - 85 “C.

In one embodiment of the present 1nvention
the temperature of the composition 1s 1ncreased up to

60 — 95 “C, preferably up to 65 - 90 “C, and more pref-
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cerably up to 75 - 85 °C, before, during or after step
(1i1).

The temperature can be controlled during the
production of the binder composition by cooling and/or
heating the composition.

In one embodiment of the present 1nvention

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-
ment of the present 1nvention the predetermined vis-
cosity wvalue of the final binder composition 15 at
least 40 but not more than 250 cP, preferably at least
50 ¢cP but not more than 150 c¢P, and more preferably at
least 80 but not more than 120 cP.

In one embodiment of the present 1nvention
the predetermined viscosity wvalue of the final binder

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

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

embodiment of the present i1invention the predetermined
viscosity value of the final bilinder composition 1s at
least 250 ¢cP but not more than 1500 c¢cP, preferably at
least 300 cP but not more than 1200 cP, and more pref-
erably at least 500 but not more than 1000 cP. The
viscosity is measured at 25 “C using a rotary viscome-

ter. The predetermined viscosity wvalue of the final

binder composition may vary depending on the specific
application where the binder composition 18 to be
used.

In one embodiment of the present 1nvention
the weight ratio of lignin and tannin to the polymer-
lzable substance 1s at least 1.5, preferably at least
2 .

In one embodiment of the present 1nvention

the amount of tannin 1s between 1 - 50 %, preferably
between 3 - 35 %, and more preferably between o5 - 25

%, of the amount of lignin.
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In one embodiment of the present 1nventlion
the relation Dbetween the amounts of 1lignin, cata-
lyst/solvent, ©polymerizable substance, c¢rosslinking
agent and tannin, based on their dry contents, used
for producing the binder composition 1s the followilng:
18 - ©0 weight-%, preferably 26 - 45 weight-%, of

crosslinking agent and catalyst/solvent, and 82 - 40

welight-35, preferably 74 - 55 weight-%, of the polymer-

lzable substance, lignin and tannin.

In one embodiment of the present 1nvention
the crosslinking agent 1s selected from a group con-
sisting of an aldehyde, a derivative of an aldehvde,
an aldehvde forming compound and combinations thereof.
In one embodiment of the present i1nvention the deriva-
tive of an aldehyde 1s hexamethylenetetramine, para-
formaldehyde or trioxane. In one embodiment of the

present 1nvention the crosslinking agent 1s selected

from a group consisting of an aromatic aldehyde, gly-

oxal, fturturvyl alcohol, caprolactam and glycol com-
pounds. The aldehyde can be formaldehyde. The aromatic
aldehyde can be furfuryl aldehvyvde. In one embodiment
of the present i1invention the crosslinking agent 1s a
bio-based crosslinkling agent. In one embodiment of the
present 1nvention the c¢rosslinking agent 1s an alde-
hyde, and preferably formaldehvde.

In one embodiment of the present 1nvention
the polymerizable substance 1s selected from a group
consisting of phenol, cresol, resorcinol and combina-
ti1ons thereof. In one embodiment of the present i1nven-
ti1on the polymerizable substance 1s phenol. In one em-
bodiment of the present 1nvention the polymerizable
substance 1s selected from a group consisting of bio-
based hydroxyphenols and theilr derivatives. In one em-
bodiment of the present 1nvention the polymerizable
substance 15 produced from at least one fatty acid. In
one embodiment of the present 1nvention the polymeriz-

able substance 1s a bilo-based polymerizable substance.



CA 02832108 2013-10-02

WO 2012/136894 PCT/F12012/050345

10

15

20

20

30

39

In one embodiment of the present 1nvention the
polymerizable substance 1s selected from a group con-

sisting of lignin and tannin.

In this specification, unless otherwise stat-
ed, the expression “lignin” should be understood as
any lignin suitable to be used 1n the present 1nven-

tion 1ncluding essentially pure lignin as well as 1li1g-

nin derivatives and lignin modifications. Further, 1in

this specification, unless otherwlse stated, the ex-
pression “tannin” should be understood as any tannin
sultable to be used 1n the present 1nvention i1ncluding
essentially pure tannin as well as tannin derivatives

and tannin modifications.

By the expression “essentially pure lignin”
should be understood as at 1least 90 % pure 1lignin,
preferably at least 95 % pure lignin. In one embodi-

ment of the present 1nvention the essentially pure

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

of other components. Extractives and carbohyvdrates
such as hemicelluloses can be mentioned as examples of

such other components.

By the expression “essentially pure tannin”
should be understood as at least 90 % pure tannin,
preferably at least 95 % pure tannin. In one embodi-
ment of the present 1nvention the essentially pure
tannin comprises at most 10 %, preferably at most 5 3,
of other components.

In one embodiment of the present 1nvention
the lignin 1s selected from a group consisting of
kraft lignin, flash precipitated lignin, biomass orig-
inating lignin, lignin from alkaline pulping process,
lignin from soda process and combinations thereof.

Different lignin components may have differ-

ent properties, e.g. molecular weight, molar mass,
polydispersity, hemicellulose and extractive contents.
In one embodiment of the present i1nvention the lignin

1ncludes water but no solwvent.
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By “kraft lignin” 1s to be understood 1n this

specification, unless otherwise stated, 1lignin that

origilinates from kraft black liquor. Black liguor 1is an
alkallne aqueous solution of lignin residues, hemicel-
lulose, and 1norganic chemicals used 1n a kraft pulp-
1ng process. The black liguor from the pulping process
comprises components originating from different soft-
wood and hardwood species 1n various proportions. Lig-
nin can pe separated from the black liquor by differ-

ent, technigues 1including e.qg. precipitation and f1l-

tration. Lignin wusually begins precipitating at pH

values below 11 - 12. Different pH values can be used

1n order to precipitate lignin fractions with differ-

ent properties. These 1lignin fractions differ from

cach other by molecular weight distribution, e.g. Mw
and Mn, polydispersity, hemicellulose and extractive

contents. The molar mass of lignin precipitated at a

higher pH value 1s higher than the molar mass of 1lig-

nin precipitated at a lower pH value. Further, the mo-
lecular weight distribution of lignin fraction precip-
itated at a lower pH wvalue 1s wider than of 1lignin
fraction precipitated at a higher pH wvalue. Thus the
properties of the lignin can be varied depending on

the end use of the gluing application.

The precipitated lignin can be purified from

lnorganlic 1mpurities, hemicellulose and wood extrac-

ti1ves using acidic washing steps. Further purification

can be achieved by filtration.

In one embodiment of the present 1nvention
the lignin 1s flash precipitated 1lignin. The term
“flash precipitated 1lignin” should be understood 1in
this gspecification as lignin that has been precipilitat-
ed from black liguor 1n a continuous process by de-
creasing the pH of a black ligquor flow, under the 1n-
fluence of an over pressure of 200 - 1000 kPa, down to
the precipitation level of lignin using a carbon diox-

1de based acidifying agent, preferably carbon dioxide,
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and by suddenly releasing the pressure for precipitat-
1ing lignin. The method for producing flash precipitat-
ed lignin 1s disclosed 1n patent application FI
20106073. The residence time 1n the above method 1is
under 300 s. The flash precipitated lignin particles,
having a particle diameter of less than 2 pum, form ag-

glomerates, which can be separated from black liquor

using e.g. filtration. The advantage of the flash pre-
cipltated lignin 1s 1ts higher reactivity compared to
normal kraft lignin. The flash precipitated lignin can

be purified and/or activated 1f needed for the further

processing.

In one embodiment of the present 1nvention
the flash precipitated lignin 1s used 1n an un-dried,
wet form.

In one embodiment, the flash precipitated

lignin 1s un-dried. Water can be removed from the

flash precipitated lignin e.g. by pressing or using

alr. In one embodiment of the present 1nvention water
1s removed from the flash precipitated lignin by using
pressing and alr blowing. In one embodiment of the
present 1nvention the temperature of the air blowing
1s less than or equal to the temperature of the lignin
at said process stage. In one embodiment of the pre-
sent 1nvention the temperature of the air blowing 1is
room temperature. In one embodiment of the present in-

vention the air 1s fed through the lignin filtrate for

less than 1 minute, preferably less than 30 seconds,

1n order to remove water. The advantage of this kind

of lignin 1s 1ts higher activity and the possibility
to re-dissolve the 1lignin. Further, this kind of un-
dried lignin 1s easier to handle i1in further processing
as a result of the lignin being less dusty.

In one embodiment of the present 1nvention
the dry matter content of the lignin, e.g. the flash
precipitated lignin, 1s below 70 %, preferably 40 - 70

O

%, and more pretferably 50 - 60 %.
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In one embodiment of the present 1nventlion
the lignin 1s separated from pure blomass. The separa-
tion process can bpbegin with liguidizing the biomass
with strong alkali followed by a neutralization pro-
cess. After the alkali treatment the 1lignin can be
preciplitated 1n a similar manner as presented above.

In one embodiment of the present i1nvention the separa-

tion of lignin from biomass comprises a step of enzyme

treatment. The enzyme treatment modifies the lignin to
be extracted from biliomass. Lignin separated from pure
biomass 1s sulphur-free and thus wvaluable 1n further
processing.

In one embodiment of the present 1nvention
the tannin used originates from any wood species. Tan-
nin may origilnate from e.g. bark or heartwood. Quebra-
cho tree, beech tree and wattle tree are presented as
examples of possible sources of tannin.

In one embodiment of the present 1nvention
the tannin used originates from softwood bark. In one
embodiment of the present 1nvention the tannin 1s sep-
arated from softwoocd bark of debarking units 1n

sawmills or pulp mills. The separation process can be

combined wilith an ethanol extraction process, a hot wa-
ter extraction process, a hot steam extraction process
or a water—-ethanol extraction process of softwood
bark.

In one embodiment of the present 1nvention
the tannin 1s condensed tannin. Condensed tannin has a
high dry content and 1s therefore suitable to be used
1n the present 1invention. The dry matter content of

()

condensed tannin may vary between 40 - 100 % and 1s
sultably between o060 - 90 % and preferably between 70 -
80 %. Tannin with such dry matter content can easily
be dispersed, whereby a good reactivity with the other
reactant components 1s achieved. The tannin may also

be hydrolysable tannin.
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In one embodiment of the present 1nventlion
the method comprises dispersing tannin before adding
1t to the composition. If the amount of tannin to be
used 1n the production of the binder composition 1s
more than 3 %, preferably more than 5 %, more prefera-
bly more than 8 % of the total dry matter content of
the components to be used for the production of the
binder composition, then tannin 1s dispersed before 1t
is added to the composition. The lignin and/or tannin
polymers can be de-polymerized for reducing the molec-
ular weight of the polymer in order to form low molec-
ular weight oligomers. The activity and reactivity may

simultaneously be i1ncreased.

The method of the present i1nvention surpris-

1ngly results 1n a more environmentally friendly bind-
er composition since 1n the method the natural poly-

mers lignin and tannin, both of which are phenolic

polymers, have replaced at least part of the synthetic

phenol substance wusually used 1n the production of
phenolic composilitions such as phenol formaldehvyvde res-

in. Without 1limiting the 1nvention to any specific

theory about why the method of the present inventions
results 1n the aforementioned advantage, 1t 1s to be

considered that the suitability of replacing at least

part of e.g. the phenol with lignin and tannin 1s due
to the fact that both lignin and tannin react with an
aldehvyde, such as formaldehvde, 1n a qguite similar
manner as phenol. The use of tannin as a reactive ad-
ditive 1n the method of the present i1nvention boosts
the gluing properties of this kind of 1lignin based
phenollc composition.

In one embodiment of the present 1nvention
the catalyst comprises a salt or a hyvdroxide of an al-
kalli1 metal. In one embodiment of the present invention
the catalyst 1s selected from a group consisting of

sodium hvydroxide, potassium hydroxide, acids and their
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comblnations. In one embodiment of the present 1nven-
ti1on the catalyst 1s sodium hydroxide.

The precise order of combining and/or adding
the components needed for the binder composition pro-
duction may vary depending e.g. on the required prop-
erties of the formed binder composition. The choice of

the sequence of combining and/or adding the required

components 1s within the knowledge of the skilled per-

son based on this specification. The precise amount of

the components used for producing the bilinder composi-
ti1on may vary and the choice of the amounts of the

different components 1s within the knowledge of the

skilled person based on this specification.

When determining the order of mixing and com-
bining together the components to be used 1n the pro-
duction of the binder composition, 1t should be taken

1Nnto consideration that tannin 18 a more reactive Ccom-

ponent than 1lignin. Therefore, 1lignin may preferably

be cooked 1n the aqueous composition for a longer pe-

riod of time than tannin. In this way 1t 1s ensured

that lignin has sufficiently time to react with the
crosslinking agent, e.g. the aldehyde. Further, 1t
should be noted that cooking tannin for a long period
of Time may 1ncrease the viscosity of the composition
to an unsuitable extent.

The present 1nvention further relates to a
binder composition obtainable by the method according
to the present i1nvention.

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
components selected from a group consisting of other

binders, extenders, additives, catalysts and fillers.

A binder 15 a substance, which 1s mainly responsible
for creating the growing and cross-linking of polymer

and thus assists 1n the curing of polymer systems. An
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extender 1s a substance, which assists the binder by
adjusting physical properties for example by binding

molsture. The additive can be a polymer or an i1norgan-

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

softening, reducing costs, adjusting molsture, 1n-

creasing 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.
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 1invention further relates to &
layvered composite structure formed of two or more lay-
ers 1ncluding at least one wood veneer laver, whereiln
the lavers are arranged the one above the other and
combined by means of gluing with the binder composi-
tion according to the present invention and/or the ad-
hesive composition according to the present 1invention.

In this specification, unless otherwise stated, the

term “wood veneer” 1s used to address a veneer, which
can be formed of any material, e.g. wood-based material,
fiber material, composite material or the like. In this
context, the thickness of the wood veneer can be varied.
Tyvpically the thickness of wood veneer 1s below 3 mm.

In one embodiment of the present 1nvention
the lavered composite structure 1s selected from a
group consisting of a wood panel product, a plywood
product, a composite product, and a pressed panel
product. The lavered composite structure can be formed
of a number of lavers, preferably wood veneer lavyers, 1n
which the layers are laid one upon the other and glued
together.

The present 1invention further relates to the
use of the binder composition i1n an impregnation appli-
cation, as a coating, for strengthening plastic, for

producing a compressed casting, a laminate or a lacquer,
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or for gluing a wood product. The binder composition of
the present 1nvention can further be used for gluilng
comblnations of plastic and wood.

The present 1invention further relates to the
use of the adhesive composition for gluing a wood prod-
uct.

In one embodiment of the present 1nvention

the wood product 1s selected from a group consisting

of a wood board, a wood veneer, and a wood bar.

The embodiments of the 1nvention described
hereinbefore may be used 1n any combilination with each
other. Several of the embodiments may be combined to-
gether to form a further embodiment o©of the invention.
A method, a composition or a use, to which the 1nven-
tion 1s related, may comprise at least one of the em-
bocdiments of the i1nvention described hereinbefore.

An advantage of the method according to the

present 1nvention 1s that by using lignin and tannin

together as reactant components during the production
of a binder composition a more environmentally friend-
lyv binder composition 1s achieved. Surprisingly 1t has
been found out that when using both lignin and tannin
as reactant components the amount of the polvyvmerizable
substance, such as the synthetic phenol substance,
e.g. phenol, can be markedly decreased during the
binder production process. As the phenol being a syn-
thetic compound and 1lignin and tannin being natural
polymers, 1t 1s advantageous to be able to minimize
the amount of phenol present i1in the final bilinder com-
position.

An advantage of the present invention 1s that
by using tannin as a reactive additive, 1.e. 1n a
lesser amount than lignin, 1n the method for producing
the Dbinder composition 1t 1s possible to modify the
properties of the final binder composition such that
the composition 1s more favorable for gluing. Proper-

ties such as curing, dryving, shear strength and pene-
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tration can be made more sulitable for gluing applica-
tions with the present i1invention.

An advantage 1s especilally achieved when us-
ing flash precipitated lignin, preferably 1n 1ts un-
dried form, which has higher reactivity than normal
kraft lignin thus resulting 1n even better compatibil-
1ty and reaction behavior of the method according to
the present 1nvention.

An advantage of usling tannin together with
lignin for the production o©f the binder composition
according to the present invention 1s e.g. that tannin

enhances the tensile strength and ductility of the

produced bilinder composition.

An advantage of the present 1nvention 1s that
a higher level of bilio-based components 1s achieved 1n
the final Dbinder composition. This advantage can be

achieved when using the specific process steps of the

present 1nvention and especilially when tannin 1s added

toc the composition at a later process stage than 1lig-

nin.

EXAMPLES

Reference will now be made 1n detail to the

embodiments of the present 1nvention, an example of

which 1s 1llustrated in the accompanying drawing.
The description below discloses some embodi-
ments of the invention 1in such a detail that a person

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

based on the disclosure. Not all steps of the embodi-
ments are discussed 1n detail, as many of the steps

will be obvious for the person skilled 1n the art

based on this specification.

Figure 1 1llustrates a method according to

one embodiment of the present invention for producing

a binder composition.

Before forming an aqueous composition includ-

1ing some of the reactant components, the source of es-
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peclally lignin and tannin, 1s chosen 1n order to pre-
pare a binder composition with desired properties. AS
presented above, lignin can be selected from kraft
lignin, flash precipitated lignin, biomass originating
lignin, 1lignin from alkaline pulping process, lignin
from soda process and combinations thereof. Also the

other components and thelr amounts to be used 1n the

method according to the present 1nvention are select-

ed. The reactant components are also pretreated 1t
needed 1in order to e.g. activate and/or modify the
components.

Following step 1) of various preparations and
pretreatments, 1n the embodiment of the present 1nven-

tion shown in Fig. 1, step 2) 1s carried out. Step 2)

comprises forming an agqueous composition 1ncluding
compbining some of the required components, 1.e. 1li1g-

nin, the polymerizable substance, the c¢rosslinking

agent and the catalyst, 1n a predetermined order with

simultaneously controlling the temperature of the
formed composition. The selected components can be
added to step 2Z2) of forming the composition one after
the other or at least partly simultaneously. After
mixing these components the composition 1s cooked un-
t1l the viscosity of the composition 1s 45 - 95 % of a
predetermined viscosity value of the final binder com-
position. The composition can be cooked at a tempera-
ture of 20 - 95 °C.

Then step 3) 1s carried out. Step 3) compris-

es addling tannin 1nto the composition after which the
temperature of the formed agqueous composition 1s 1n-
creased to 80-90 “C. The composition 1s cooked at this
temperature until a predetermined viscosity of the
composltion 1s reached or until a desired polymerizing
length 1s achieved.

In another embodiment of the present 1nven-
tion, the temperature of the composition can be 1in-

creased to 80 - 80 °C already before the tannin 1is
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added or the temperature can be 1ncreased to 80 - 90
"C simultaneously with the addition of tannin.

As a result of step 1), step 2) and step 3) a
binder composition having deslred properties 18 pPro-
duced. This binder composition can be used as such for
gluing applications or 1t can be further processed
wlith other adhesive components for producing an adhe-

slve composition.

EXAMPLE 1 - Preparing a binder composition

In this example a lignin-tannin-phenol for-
maldehyde binder composition was produced according to
the embodiment of the present invention shown 1n Fig.
1.

T'he following components and their amounts

were used:

water 300 g
NaOH (first part (dispersion)) 50 % 250 g
kraft lignin 98 3 400 g
tannin 90 % 150 g
phenol 90 3 2250 g
formaldehyde 38 % 1000 g

NaOH (second part (catalyst)) 50 % 100 g.

T'he percentage o©of the components (based on

dry contents) used 1n this example was the following:

NaOH about 13 %
kraft lignin about 30 %
tannin about 10 3
phenol about 17 %
formaldehvyde about 30 %

FFirstly, water, the first part of NaOH and

lignin were mixed such that dispersion was formed.
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Simultaneously the temperature 1increased from room
temperature to about 65 “C. Then all of the phenol was
added followed by adding the formaldehyvde 1n a step-
wlise manner for forming an aqueous composition. The
temperature was kept under 65 °C. After adding also
the second part of the NaOH to the composition, the
composition was cooked until the viscosity of the com-
position corresponded to 45 - 95 % of the viscosity of
the final binder composition. Then the tannin was add-
ed and the temperature was 1ncreased to about 80-90
"C. The cooking was continued at this temperature un-
t1l the viscosity of the formed composition was about
500 cp (as measured at a temperature of 25 “C).

In thilis example tannin was added to the com-
position only after the 1lignin had been added and
cooked with other components for a predetermined tTime

1n order to ensure that lignin being less reactive had

sufficiently time to react with phenol and formalde-

hyde before the more reactive tannin was added.
However, part of the tannin could also had
been added e.g. simultaneously with lignin however
taking 1nto consideration that 1f tannin 1s cooked for
a long time the wviscosity of the formed resin may be-
come too high. The manner of adding tannin to the com-
position depends e.g. on the total amount of tannin to

be used.

EXAMPLE 2 - Preparing a binder composition

In this example a lignin-tannin-phenol glvyvox-
al binder composition was produced.
The following components and their amounts

were used:

water 370 g
NaOH (first part (dispersion)) 50 % 300 g
kraft lignin 75 % 030 g
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NaOH (second part (catalyst)) 50 5 150 g

Firstly, water, the first part of NaOH and

lignin were mixed such that dispersion was formed.

Simultaneously the temperature 1ncreased from room

temperature to about 50 “C. Then all of the phenol was
added followed by adding the glyoxal 1n a stepwise
manner for forming an aqueous composition. The temper-
ature was kept under 65 “C. 24 of the total amount of
tannin was added to the above formed agueous composili-
tion when at least half of the amount of glvyoxal,
preferably all of the amount of glyoxal, had been add-
ed to the composition. After adding also the second

part of the NaOH to the composition, the composition

was cooked until the viscosity of the composition cor-

O

responded to 40 - 95 % 0of the wviscosity of the final
binder composition. Then the rest of the tannin was
added and the temperature was 1ncreased to about 75-80
“C. The cooking was continued at this temperature un-
t1l the viscosity of the formed composition was about

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

EXAMPLE 3 - Preparing a binder composition

In this example a lignin-tannin-resorcinol
formaldehyvde binder composition was produced.
The following components and thelr amounts

were used:

water 340 g
NaOH (first part (dispersion)) 50 3 240 g
kraft lignin 75 % 494 g
tannin 90 % 21 g

2

resorcinol 90 % 450 g
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formaldehyde 40 =% 300 g
NaOH (second part (catalyst)) 50 5 1l1lo g

Firstly, water, the first part of NaOH and

lignin were mixed such that dispersion was formed.
Simultaneously the temperature 1increased from room

temperature to about 50 “C. Then half of the resor-

cinol was added followed by formaldehyde 1n a stepwise

manner for forming an aqueocus composition. The temper-
ature was kept under 65 “C. Rest of the resorcinol was
added to the above formed agueous composition when at
least half of the amount of formaldehyde, preferably
all of the formaldehyde, had been added to the compo-
sition. After adding also the second part of the NaOH
to the composition, the composition was cooked until
the wviscosity of the composition corresponded to 40 -
95 % of the viscosity of the final binder composition.
Then the tannin was added and the temperature was 1in-
creased to about 70-75 "C. The cooking was continued
at this temperature until the viscosity of the formed
composition was about 300 cp (as measured at a temper-
ature of 25 “C).

EXAMPLE 4 - Preparing an adhesive composition

In this example the lignin-tannin-phenol for-

maldehyde binder composition produced 1n Example 1 was

used for the production of an adhesive composition.

The binder composition was mixed with extenders, fi1ll-
ers, catalysts, additives, as examples of which e.qg.
starch, wood flour and hardener (e.g. tannin or car-
bonates) can be mentioned, thus forming the adhesive

composltion.

EXAMPL

L™

5 — Applyving the binder composition for pro-
ducing a plywood product
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Wood veneers having the thickness of below 3

mm were glued together with the lignin-tannin-phenol

formaldehyde binder composition produced 1in Example 1
for producing a 7-plywood. Results showed that the

gluing effect was sufficiently good for gluing wood

veneers.

EXAMPLE 6 - Applyving the adhesive composition for pro-

ducing a plywood product

In this example the adhesive composition of

Example 4 was applied onto wood veneers. The wood ve-
neers were jolined 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

cured. The adhesive composition of the present 1nven-
tion was found suitable for gluing wood veneers to-

gether and thus for manufacturing plywood.

EXAMPL.

L~

/ - Applyving the binder composition for pro-

ducing laminates

In this example the lignin-tannin-phenol for-

maldehyde binder composition as produced 1n Example 1
was used 1n an 1mpregnation application. During the
production of laminates paper was 1mpregnated with an
alcohol solution of the binder composition, after
which the 1mpregnated layers were transferred 1into a

furnace. The alcohol was volatilized and the binder

composlition was partly cured. The lavers comprilising
such semi-cured composition were arranged the one
above the other and baked by a hot-pressing technique

1n order to form uniform thicker boards or laminates.
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It 1s obvious to a person skilled in the art

that with the advancement of technology, the basic
1dea of the 1nvention may be 1mplemented 1n wvarious
ways. The 1nvention and 1ts embodiments are thus not
D limited to the examples described above; 1nstead they

may vary within the scope of the claims.
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The embodiments of the invention i1in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A method for producing a binder composition, wherein the

method comprises the followlng steps:

(i) forming an aqueous composition comprising reactant
components including: lignin; a polymerizable substance; and a

crosslinking agent in the presence of a catalyst;

(ii) cooking the formed composition until the composition

has a viscosity, which corresponds to 45 to 95% of a
predetermined viscosity value of the final binder composition;

(iii) adding tannin as a reactant component tO the

composition; and

(iv) cooking the composition at a temperature of 60 to 95°C

for polymerizing the reactant components of steps (1) and (111)

until a binder composition with a predetermined viscosity value

18 formed.

2 . The method of claim 1, wherein step (i) of forming the

aqueous composition comprises the following steps:
(ia) forming a dispersion comprising the lignin; and
(ib) adding the polymerizable substance and the

crosslinking agent to the dispersion for forming the aqueous

composition.

3. The method of claim 2, wherein step (ia) and/or step (ib)

comprises adding tannin as a reactant component.

4. The method of claim 2, wherein step (ib) comprises adding

the catalyst.

CA 2832108 2018-09-05
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5. The method of any one of claims 1 to 4, wherein step (1)

comprises keeping the composition at a temperature of at most

65°C.

6. The method of any one of claims 1 to 5, wherein step (11)

comprises keeplng the temperature of the composition between 20

to 95°C.

7. The method of any one of claims 1 to 6, wherein the

temperature of the composition 1s decreased below 70°C before

step (111).

8 . The method of any one of claims 1 to 7, wherein step (1V)

comprises cooking the composition at a temperature of 65 to 90°C.

9. The method of any one of claims 1 to 6, wherein the

temperature of the composition is 1ncreased up to 60 to 95°C

before, during or after step (111).

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

ratio of the lignin and the tannin to the polymerizable substance

is at least 1.5.

11.  The method of claim 10, wherein the weight ratio of the

lignin and the tannin to the polymerizable substance 1s at

least 2.

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

of the tannin is between 1 to 50% of the amount of the lignin.

13. The method of claim 11, wherein the amount of the tannin 1s

hetween 3 to 35% of the amount of the lignin.

CA 2832108 2018-09-05
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14. The method of claim 11, wherein the amount of the tannin 18

between 5 to 25% of the amount of the lignin.

15. The method of any one of claims 1 to 11, wherein the

crosslinking agent is an aldehyde.

1o6. The method of claim 15, wherein the crosslinking agent 1s
formaldehyde.
17. The method of any one of claims 1 to 16, whereln the

polymerizable substance is phenol, cresol, resorcinol, or any

combination thereof.

18. The method of any one of claims 1 to 17, whereln the lignin
is kraft lignin, flash precipitated lignin, biomass originating
lignin, lignin from alkaline pulping process, lignin from soda

process, Or any combination thereof.

19. The method of any one of claims 1 to 18, wherein the tannin

is condensed tannin.

20. The method of any one of claims 1 to 19, wherein the method

comprises dispersing tannin before adding it to the composition.

21. The method of any one of claims 1 to 20, whereln the

catalyst is sodium hydroxilde.

22 A binder composition obtained by a method as defined 1n any

one of claims 1 to 21.

>3 An adhesive composition comprising a bilnder composition as

defined 1in claim Z2Z.

CA 2832108 2018-09-05
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24. A layered composite structure formed of two or more layers
including at least one wood veneer layer, wherein the layers are

arranged the one above the other and combined by means of glulng

vith the binder composition of claim 22.

25. A method of preparing a product, the method comprising
applying a binder composition as defined in claim 22 to a
substrate, wherein applying the binder composition results 1n
impregnation of the composition in the substrate, in coating the
substrate, in strengthening a plastic substrate, in a compressed

casting, in a laminate or a lacquer, or in gluing of a wood

substrate.

26. A method of gluing a wood product comprising applyilng an

adhesive composition as defined 1in claim 23 to a wood substrate.

CA 2832108 2018-09-05
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