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METHODS FOR PREPARING A LIGNIN DISPERSION AND A RESIN
FROM THE LIGNIN DISPERSION

Field of the invention

The present invention relates to an improved process for preparing an

agqueous dispersion of lignin and the use of said dispersion In the preparation

of a resin.

The lignin dispersion prepared according to the process of the present
Invention can be used to manufacture lignin-based resins, such as lignin-
based phenolic resins, which are particularly useful for example in the

manufacture of laminates, plywood, laminated veneer lumber, oriented strand

board and insulation.

Background

Lignin, an aromatic polymer, 1s a major constituent in e.g. wood, being the
most abundant carbon source on Earth second only to cellulose. In recent
vears, with development and commercialization of technologies to extract
lignin In a highly purified, solid and particularized form from the pulp-making
process, It has attracted significant attention as a possible renewable

substitute to primarily aromatic chemical precursors currently sourced from

the petrochemical industry.

Lignin, being a polyaromatic network, has been extensively investigated as a
suitable substitute for phenol during production of phenol-formaldehyde
adhesives. These are used during manufacturing of structural wood products
such as plywood, oriented strand board and fiberboard. During synthesis of
such adhesives, phenol, partially/all replaced by lignin, Is reacted with

formaldehyde In the presence of either basic or acidic catalyst to form a highly
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cross-linked aromatic resins termed novolacs (when utilizing acidic catalysts)

or resoles (when utilizing basic catalysts).

Lignin may be utilized as a powder at the time that it is incorporated into the
resin formulation/synthesis. Lignin can also be utilized in “liquid form™ in an
alkall solution In order to avoid lignin dust. If the moisture content of the
powder lignin is relatively low (0-15%), it can be dusty and may create
respiratory hazards. If the moisture content of the solids Is relatively high (20-
40%), 1t can be sticky or clumpy and difficult to transfer in reliable ana

guantitative manner.

One problem when preparing resins comprising lignin is to ensure that the
Inherent reactivity of the lignin is fully utilized by adequately suspending or
dissolving it In a suitable liquid medium. In the prior art, this has generally

been solved by using alkali In the agueous medium to which lignin 1s added.

EP2/58457 Is directed to a method involving the steps of forming, under
heating at a temperature of 30-70°C, an aqueous dispersion comprising alkall
and lignin, wherein the alkall comprises a hydroxide of an alkall metal, and
heating the dispersion formed at a temperature of 50-95°C for producing

alkalated lignin.

In prior art methods for preparing resins comprising lignin, alkali iIs added to
an aqueous medium to which lignin is subsequently added. Since lignin is
typically provided In the form of a dry powder, the addition of lignin to the
agueous medium may lead to splashing, 1.e. when lumps of dry powder lignin
IS dropped Into the agueous medium In a tank or reactor, alkaline medium
may splash which may involve safety risks when carrying out the addition of

the lignin.

There Is a need to facilitate the process for preparing a dispersion of lignin In

an aqueous medium, particularly for preparation of resins.
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Summary of the invention

It has now surprisingly been found that a dispersion of lignin can be prepared
without adding alkali to the aqueous medium In which the lignin 1s dispersea.
5 Inaddition, it has surprisingly been found that a dispersion can be obtained

without applying heating to the agqueous medium.

The present invention Is thus directed to a method for preparing a dispersion
of lignin In an aqueous medium, comprising the steps of
10 a) providing an aqueous medium having a pH of 1 to 7;
b) adding lignin to the agqueous medium;
c) mixing until a dispersion of lignin in the agqueous medium has been

obtained.

15  To prepare aresin, steps a) to ¢) are followed by the following steps:

d) adding alkall, phenol and/or formaldehyde to the agueous medium;
e) maintaining the mixture of step d) at a temperature of from 30°C to
95°C for at least 30 minutes.
20

The present invention 1s thus also directed to resins and the use of said resins
In the manufacture of laminates, plywood, oriented strand board (OSB),
laminated veneer lumber (LVL), insulation and other engineered wood
products. The present invention Is also directed to such laminates and

25 engineered wood products manufactured using said resins.

Detailed description

30 Itis Iintended throughout the present description that the expression "lignin”
embraces any kind of lignin, e.g. lignin originated from hardwood, softwood or

annular plants. Preferably the lignin is an alkaline lignin generated in e.g. the
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Kraft process. The lignin may then be separated from the black liquor by
using the process disclosed in W02006031175.

As used herein, the term “dispersion” refers to a composition in which
particles are dispersed In a continuous phase of a different composition than
the particles. This Is different from a “solution”, which generally refers to a

homogenous mixture.

The method or process according to the present invention can be carried out

patchwise or continuously.

The pH of the agueous medium of step a) Is from 1 to 7, such as from 2to 7
orotor7 or2too.

The dispersion obtained In step ¢) may be prepared and subsequently stored
before step d) Is carried out. The dispersion obtained In step ¢) may also be
moved or shipped to another location at which step d) may be carried out.
Thus, according to the present invention, the dispersion being stored, moved
or shipped has been prepared such that the pH in step a) 1s from pH 1 to 7.
Thus, according to the present invention, the dispersion being stored, moved
or shipped has been prepared without addition of alkall. If sedimentation
would occur after the dispersion of step ¢) has been stored for an extended
period of time, briefly stirring the mixture prior to performing step d) may be

advantageous.

The dispersion obtained In step ¢) may thus be prepared outside the reactor
IN which the subsequent steps take place. Alternatively, steps a) to ¢) can be
carried out In the same reactor In which the subsequent steps take place.
Alternatively, the dispersion of obtained in step ¢) can be prepared separately
from the reactor in which the subsequent steps take place and be transported
to the reactor using e.g. a pump, for example If the process according to the

present invention Is to be carried out continuously.
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The agqueous medium In step a) may, In addition to water, comprise up to a
total of 10 wt% solvent, such as an alcohol, such as ethanol, methanol or
ethylene glycol. However, the pH of the agueous medium In step a) Is In the

range of from 1 to 7, preferably 2to 7 or6to 7 or2to 5.

The agueous medium In step a) may, In addition to water, comprise up to a
total of 15 wt%, such as 10 wt% additives, such as urea, a thickener or a
tenside. However, the pH of the agueous medium In step a) Is In the range of

from 1 to 7, preferably 2to 7 or6to 7 or 2to 5.

Steps a), b) and ¢) in the process according to the present invention are
preferably carried out without actively heating the agueous medium. Thus, the
agqueous medium Is preferably at room temperature, such as at a temperature
of 15-25°C at the time of adding the lignin. Alternatively, steps a), b) and ¢)
according to the present invention are carried out at a temperature of up to
40°C, such as from 15°C to 40°C.

Alkall I1Is not added to the aqueous medium until in step step d), I.e. after a
dispersion of lignin in the agueous medium has been obtained. After the
addition of alkall, the aqueous medium comprises 5-50 wt% alkali, such as
10-50 wt% alkali, such as 40-50 wt% alkall. In one embodiment of the present
iInvention, the pH of the aqueous medium after addition of lignin and alkali Is

at least pH 8, such as at least pH 10, such as at least pH 12 or at least pH13.

The alkali I1s preferably sodium hydroxide, potassium hydroxide, calcium

hydroxide, magnesium hydroxide or a mixture thereof.

The addition of alkali, phenol and formaldehyde In step d) can be carried out
IN any order. Each component may for example be added consecutively or at
the same time as one or two of the other components. In one embodiment,
the components are added in such a way that a part of the total amount of
each component I1s added and one or more additional amounts of each

component Is subsequently added.
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In one embodiment of the Invention, the dispersion In step ¢) comprises 5-60

wt%, such as 5-50 wt% lignin, such as 35-50 wt% lignin.

The present invention also relates to a resin composition obtainable by the
process according to the present invention. The resin composition IS

preferably a lignin-phenol-formaldehyde resin.

The resin obtained Is useful for example in the manufacture of laminates. The

resin Is then iImpregnated Into and/or applied between the sheets that should

form the laminate and said sheets are pressed together and heated at a
temperature of about 130-150 °C.

The present invention also relates to the use of the resin composition In
engineered wood products such as plywood, particle board, wafer board,
gluelam beams, structural composite lumber, oriented strand board (OSB),
oriented strand lumber (OSL), laminated veneer lumber (LVL) and other

applications such as laminates, insulation and molding compounds.

Examples

Example 1

488 g lignin (kraft ignin, 95% purity) was added to 951 g water at room
temperature. The mixture was stirred for approximately 10 minutes until the
lignin was dispersed In the water. The pH of the dispersion was about 3.
240 g sodium hydroxide was added the mixture and the mixture was stirred
for about 30 minutes. The temperature of the mixture increased after the

addition of sodium hydroxide (exothermic). After stirring the mixture for about

30 minutes the pH was about 13.
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472 g phenol and 796 g formalin (52.5%) was added to the mixture. The

mixture was heated to about 80°C.

181 g sodium hydroxide was added to the mixture and the temperature was
adjusted to about 75°C.

The reaction was monitored and continued until a viscosity of about 250-400

cP (measured at 25°C) was reached.

The mixture was cooled to 25°C and the viscosity was measured. The geltime

at 100°C was about 50 minutes and the solid content was 46 wit%.

In view of the above detailed description of the present invention, other
modifications and variations will become apparent to those skilled in the art.
However, It should be apparent that such other modifications and variations

may be effected without departing from the spirit and scope of the invention.
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A method for preparing a lignin dispersion comprising the steps of

a) providing an agqueous medium having a pH of 1 to 7;

b) adding lignin to the aqueous medium;

c) mixing until a dispersion of lignin in the agqueous medium has
been obtained.

A method for preparing a resin comprising the steps of

a) providing an aqueous medium having a pH of 1 to 7/;

b) adding lignin to the aqueous medium;

c) mixing until a dispersion of lignin in the agueous medium has
been obtained:;

d) adding alkali, phenol and/or formaldehyde to the agqueous
medium and

e) maintaining the mixture at a temperature of from 30°C to 95°C
for at least 30 minutes.

A method according to claim 1 or 2, wherein steps a), b) and c)
are carried out without actively heating the agqueous medium.

A method according to any one of claims 1-3, wherein the amount
of lignin In the dispersion In step ¢) I1s 5-60 wt%.

A method according to claim 4, wherein the amount of lignin in
the dispersion In step ¢) I1s 35-60 wt%.

A method according to any one of claims 1-5, wherein the pH of
the aqueous medium in step a)iIspH 210 5.

A dispersion obtainable by the method of claim 1.
A resin obtainable by the method of any one of claims 2-6.

Laminate, engineered wood product or insulation product
manufactured using a resin according to claim 8.
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