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The invention relates to a method for removing lignin from lignocellulosic biomass. The method comprises feeding of lignocellulosic
biomass and a first aqueous solution into a reactor vessel, the lignocellulosic biomass and the first aqueous solution forming a reaction
mixture; reducing the pressure in the reactor vessel below 0.8 bar absolute pressure, preferably 0.5 bar absolute pressure, more
preferably below 0.2 bar absolute pressure; keeping the reaction mixture in a predetermined extraction temperature, and adding at least
one extraction chemical, such as base or acid, to the reaction vessel and extracting lignin from the biomass to the liquid phase of the
reaction mixture.



Keksintd liittyy menetelmaan ligniinin poistamiseksi lignoselluloosabiomassasta. Menetelmassa syotetdan lignoselluloosabiomassaa ja
ensimmaista vesipitoista liuosta reaktoriastiaan, jolloin lignoselluloosabiomassa ja ensimmainen vesipitoinen liuos muodostavat
reaktioseoksen; lasketaan paine reaktoriastiassa alle 0,8 bar absoluuttista painetta, edullisesti 0,5 bar

absoluuttista painetta, vield edullisemmin alle 0,2 bar absoluuttista painetta; pidetdan reaktioseos ennalta maaratyssa uuttolampdtilassa,
ja lisdtaan reaktoriastiaan ainakin yksi uuttokemikaali, kuten emas tai happo, ja uutetaan ligniinid biomassasta reaktioseoksen

nestefaasiin.
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METHOD FOR EXTRACTING LIGNIN

The present invention relates to a method for extracting lignin from lignocellulosic

biomass according to the preamble of the enclosed independent claim.

DESCRIPTION OF RELATED ART

Extraction of lignin from biomass can be done in many different ways. The most
common methods are the sulfate and sulfite processes, both these processes
producing lignin which contains sulfur. Sulfur is undesirable for example if the
lignin is intended to be used as fuel, because in such cases either the lignin or the
flue-gases from the fuel has to go through expensive desulfurization. There are
processes which produce lignin, which is free of sulfur, such as the soda pulping
process and various organosolv pulping processes, which use various solvents
such as acetone, methanol, ethanol, butanol, ethylene glycol, formic acid and/or

acetic acid.

In traditional alkaline pulping processes, lignin undergoes a variety of so called
condensation reactions which increase the molar mass of lignin, and therefore
makes the extraction of lignin from biomass more difficult. For example, lignin
undergoes alkaline reactions which produce formaldehyde during the formation of
vinyl ether via the relatively slow p-O-4 reactions. However, formaldehyde plays a
major role in the condensation of lignin. Condensation reactions also decrease the
reactivity of lignin, especially through reactions of the reactive groups in the
aromatic structure. It is also well known that lignin condensation is extensive under

oxygen delignification.

Alkaline conditions, which are used in the sulfate and soda pulping processes, are
responsible for the alkaline degradation reactions of carbohydrates, such as the
peeling reactions, which start already under 100 °C. These reactions cause
considerable and costly carbohydrate losses by lowering the pulping vyield.
Additionally these reactions are responsible for the formation of acids in the

process. These acids consume a major part of the valuable alkali during the
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pulping process even before any considerable dissolution of lignin has been
obtained. Several additives, such as antraquinone, polysulfides and sodium
borohydride have been investigated as a solution; however, the yield savings

seldom covers the chemical costs.

In acidic sulfite pulping lignin extraction is determined by the degree of sulfonation
of lignin, which makes lignin more hydrophilic and water soluble. The lignin
extraction efficiency is counteracted by the condensation reactions of lignin. Acidic
sulfite pulping is detrimental to the yield of cellulose and hemicelluloses due to
acidic hydrolysis of carbohydrates into monosaccharides. Monosaccharides can
react with bisulfate forming aldonic acids and thiosulfate which causes extensive
lignin condensation. Acidic sulfite pulping is also prone for other lignin

condensation reactions which are detrimental for lignin extraction.

In traditional pulping most of the pulping chemicals are added already in the
beginning of the pulping process. Therefore, the unwanted degradation and
condensation reactions cannot be avoided considering the time and temperature
profiles (1-3h, 70-170°C for Kraft process). The longer the pulping time, the more

condensation and degradation reactions can occur.

SHORT SUMMARY OF THE INVENTION

It is the aim of this invention to reduce or even overcome the problems related to

known art.

An aim of the present invention is to provide an improved method for extracting

lignin from biomass.

In particular, another aim of the invention is to provide a method which effectively
minimizes unwanted lignin condensation, and optionally also minimizes the

carbohydrate hydrolysis and peeling reactions of the biomass.
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Typical method according to the present invention for removing lignin from
lignocellulosic biomass, comprises

- feeding lignocellulosic biomass and a first aqueous solution into a reactor vessel,
the lignocellulosic biomass and the first aqueous solution forming a reaction
mixture,

- reducing the pressure in the reactor vessel below 0.8 bar absolute pressure,
preferably below 0.5 bar absolute pressure, more preferably below 0.2 bar
absolute pressure,

- keeping the reaction mixture in a predetermined extraction temperature, and

- adding at least one extraction chemical to the reaction vessel and extracting

lignin from the biomass to the liquid phase of the reaction mixture.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on the finding that reduced pressure provides
oxygen starved environment and minimizes the unwanted condensation reactions
of lignin. After pressure reduction the reaction mixture, which comprises biomass
and a first aqueous solution, is kept in an environment in which the solubility of
lignin is minimal and unwanted reactions, such as oxidative condensation
reactions of lignin, in the reaction mixture are minimized. The present invention
overcomes at least some of the problems in known art with regard to lignin
condensation during pre-hydrolysis and delignification through the use of reduced
pressure and oxygen starved environment. Optionally, the present innovation
further overcomes the problems in known art with regard to carbohydrate
hydrolysis and peeling reaction by minimizing the time the cellulose rich fiber
fraction is in contact with the lignin extraction liquor. The present innovation hence
enables the separation of up to 99 % of the lignin from the cellulose containing
fiber fraction with equal or better cellulose yield compared to known art and with
comparable sheet strength. Optionally also a separation up to 99 % of the

carbohydrates, such as hemicelluloses, is obtained.

In this context the term “lignocellulosic biomass” is understood as plant material,

which comprises cellulosic fibers, carbohydrates such as hemicelluloses, and
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lignin. Examples of suitable lignocellulosic biomass are given later in this

application.

In this context the term “absolute pressure” is understood as the pressure above

absolute vacuum.

According to one embodiment of the invention the reaction mixture is kept or
heated to the predetermined extraction temperature. It is possible to add to the
reaction vessel the biomass and the first aqueous solution and then heat the
obtained reaction mixture to the desired extraction temperature. Alternatively, the
biomass may be added to the reaction vessel and a pressurized first aqueous
solution having a temperature of 70 — 150 °C, preferably 90 — 140 °C, may be fed
to the reactor vessel. The predetermined extraction temperature may be in the
range of 70 — 250 °C, preferably 120 — 200 °C, more preferably 135 — 160 °C,
even more preferably 140 — 150 °C. According to one embodiment the extraction
temperature does not exceed 250 °C, preferably the extraction temperature does

not exceed 150 °C.

The first aqueous solution may comprise at least 10 weight-% of water, preferably
75 weight-% of water, more preferably at least 85 weight-% of water, even more
preferably at least 95 weight-% water. According to one embodiment the first
aqueous solution is solely water, before the addition of the at least one extraction

chemical.

The extraction chemical may be base or acid. Sodium hydroxide, potassium
hydroxide or sodium sulfide is suitable for use as the extraction chemical.
Alternatively, formic acid, acetic acid, hydrochloric acid, sulfuric acid and their
mixtures are suitable for us as the extraction chemical. The extraction chemical
may also be a chemical or mixture of chemicals that are used in conventional
sulfite and sulfate pulping processes may be used. The extraction chemical may
be used, for example, in following doses: 17 — 27 weight-% of NaOH; 17 — 27
weight-% of KOH; 25 — 37 weight-% Na,S; 40 — 60 weight-% of organosolv, such

as acetone or ethanol; 80 — 90 weight-% of acid, such as formic or acetic acid. The
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percentages are calculated from the weight of oven dry biomass. As seen, the
dose of the extraction chemical depends on which extraction chemical is used. A
person skilled in the art is able to find the optimum dose without extensive

experimentation.

The at least one extraction chemical is added to the reactor vessel when the
extraction temperature is reached. Preferably the extraction chemical is added as

one single dose, as a “shot”.

Lignin is extracted from the biomass to the liquid phase of the reaction mixture, the
liquid phase comprising the first aqueous solution and the at least one extraction
chemical. During the extraction lignin is enriched to liquid phase, which may be

continuously circulated through the biomass.

The biomass particle or chip size is not an essential parameter. Preferable
particles or chips have a thickness below 10 millimeters. Enhanced efficiency
and/or speed can be thus achieved without significant yield losses. It is possible to
crush or comminute the biomass particles or chips by using any suitable
equipment, such as hammer mill, pin mill or the like, where the fiber length and

integrity is not significantly affected.

The amount of oxygen in the reactor vessel is reduced when the pressure inside
the reactor vessel is reduced before the start of the extraction of lignin. The
temperature of the biomass is 0 — 90 °C, more typically 15 — 70 °C, when the
pressure in the reactor vessel is reduced. Preferably, the oxygen gas level is kept
at a minimum throughout the extraction of lignin. This means that the reactor

vessel is closed and leakage of air into the reactor vessel is avoided.

During the extraction of lignin the temperature of the reaction mixture is elevated
and the environment in the reaction vessel is starved from oxygen. The pressure
inside the reactor during the extraction of lignin may be 5 — 8 bar absolute

pressure, more typically 6 — 7 bar absolute pressure.
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According to one embodiment of the invention carbohydrates, such as
hemicelluloses, and possibly also other carbohydrates, may be separated from the
biomass before the extraction of lignin by using a pre-hydrolysis procedure. In this
case the carbohydrates, such as hemicelluloses, are removed from the biomass
before lignin extraction in order to produce a lignin extract with high purity, the dry
solids of the extract comprising 70 — 99 weight-% of lignin. It has been observed
that also the unwanted peeling and hydrolysis reactions of carbohydrates are
minimized when reduced pressure is employed. Carbohydrates are preferably
separated from the biomass, prior to the extraction of lignin, by extracting the
reaction mixture with a second aqueous solution. The pH of the second aqueous
solution may be 3 — 10, preferably 4 — 9, more preferably 4 — 5, even more
preferably 4.5 — 5. It has been observed over 85 % of polysaccharides, such as
hemicelluloses, may become dissolved to the second aqueous solution.
Temperature during the separation of the carbohydrates may be in the range of
140 — 160 °C, preferably between 145°C and 155°C.

The extraction of lignin to the second aqueous solution during separation of the
carbohydrates is preferably minimized. After the separation of the carbohydrates
the second aqueous solution is discharged from the reaction vessel. The dry solids
of the discharged second aqueous solution comprise typically less than 2 weight-

% lignin.

The second aqueous solution comprises normally at least 75 % of water,

preferably at least 85 % of water, more preferably at least 95 % water.

In case the separation of carbohydrates is performed before the extraction of
lignin, the second aqueous solution is collected and displaced with the first

aqueous solution before extraction of the lignin from the biomass.

According to one embodiment of the invention the pH during the extraction of
lignin is > 10, preferably > 12, more preferably > 13. It has been observed that
when the reaction mixture is subjected to aqueous solution in which lignin is

soluble, such as water having a pH above 13, it is possible that more than 90 % of
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the lignin in the biomass will be released to the solution from the biomass fiber
fraction. The pH may be adjusted by using any suitable chemicals, such as strong

bases or the like. For example, sodium hydroxide (NaOH) may be used.

The lignin extraction may be continued by circulating the first aqueous solution
through the reaction mixture as long as the desired reduced lignin content of the

biomass is reached.

The lignin rich extract is separated from the biomass and discharged from the
reactor vessel. According to one embodiment the extracted lignin, after the
separation from the biomass, is used for production of energy or fuel and/or as raw

material for chemical products, such as carbon fibers, phenols or biocomposites.

After the separation of the lignin rich extract the biomass, which comprises fibers,
is recovered from the reaction vessel. According to one embodiment the biomass,
the after the extraction of lignin, is used for production of paper, board, or the like;
for production of dissolving pulp or nanocellulose; for production pellets or as raw

material for fuel, and/or for production of particle board (chipboard).

According to one embodiment of the invention the biomass is selected from wood-
based materials or from non-wood materials, such as bamboo, bagasse, hemp,
wheat or rice straw. Suitable wood based materials are for example chips from

pine (Pinus sylvestris), birch (betula pendula) or spruce (picea abies).

According to one embodiment of the invention the lignin rich extract from a
previous extraction is reused for the extraction of the biomass. Lignin in the lignin
rich extract from the previous extraction may itself function as an extraction
chemical for lignin still bound to the biomass. At the same time the consistency of

the lignin rich extract is increased, which makes the evaporation costs smaller.

According to one embodiment of the present invention the method may comprise
at least the following steps:

- biomass is fed into an reactor vessel, such as digester,
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- the pressure of the reactor vessel is reduced to below 0.5 bar absolute pressure,
preferably below 0.2 bar absolute pressure,

- a second aqueous solution is fed to the reactor, in which second aqueous
solution lignin is not soluble and the solution having a pH value between 4 and 9,
preferably between 4.5 and 5,

- circulation of the second aqueous solution is started through the biomass,

- temperature in the reactor vessel is increased,

- optionally the second aqueous solution rich in carbohydrates, such as
hemicelluloses, is removed and replaced with clean solution when the consistency
of the second aqueous solution does not increase, i.e. stays stable or decreases,
or when a desired consistency is reached,

- a first aqueous solution is fed to the reactor vessel,

- temperature in the reactor vessel is adjusted,

- at least one extraction chemical is added,

- the liquid phase is circulated until the desired kappa (lignin content) of the
biomass is reached,

- lignin rich extract is removed with a clean solution, such as water.

The method according to the present invention may be performed as a batch

process or as a continuous process.

One advantage of the present invention is the possibility to shorten the time which
is needed for extraction of lignin from the biomass. Typical extraction time is 10 —
120 min, preferably 15 — 90 min, more preferably 15 — 60 min, sometimes even 15

— 30 min.

EXPERIMENTAL

Some embodiments of the invention are described in the following non-limiting

examples.
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Example 1
The aim of Example 1 is to demonstrate the effect of reduced pressure on lignin

extraction from birch chips.

The reactor arrangement comprises a 7 | pressure vessel, circulation pump, oll

heater and a vacuum pump.

Three experiments were made, each using 978 g o.d. birch chips. The total
amount of water inside the reactor was 7110 mL and the alkali (NaOH) charge
was 30 g/L. We measured the total amount of material released, residual lignin in
the chips according to TAPPI T 222 om-02 and the residual alkali according to
SCAN-N 33:94.

Experiment 1: adding the alkali to the reactor, heating the reactor from 25 °C to
150 °C at a rate of 1.5 °C/min, kept at 150°C for 120 min.

Experiment 2: reducing the pressure inside the reactor to a 0.2 bar absolute
pressure, adding the alkali to the reactor, releasing the pressure so that the
reactor was at atmospheric pressure, heating the reactor from 25°C to 150°C at a
rate of 1.5 °C/min, kept at 150°C for 120 min.

Experiment 3: reducing the pressure inside the reactor to a 0.2 bar absolute
pressure, whereby an oxygen starved environment was obtained, adding the alkali
to the reactor, starting the heating with an 0.2 bar absolute pressure, heating the
reactor from 25 °C to 150 °C at a rate of 1.5 °C/min, kept at 150°C for 120 min.

Oxygen starved environment was maintained throughout the experiment.

The percentage of biomass released into the cooking liquor was 56 %, 54 % and
48 % for Experiments 1, 2 and 3 respectively. The residual lignin content of chips
was 17 %, 14 % and 5 % for experiment 1, 2 and 3 respectively. The residual
alkali (NaOH, g/l) was 13.9, 150 and 18.3 for Experiments 1, 2 and 3,
respectively. After washing and screening the total yield was 40 %, 42 % and 48 %

for Experiments 1, 2 and 3 respectively.
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According to the results, a reduced pressure (experiment 2 compared to
experiment 1) gives a little better delignification. However, when the lignin
extraction was performed in reduced pressure, i.e. oxygen starved environment,
the delignification was superior with the lowest alkali consumption in these
Experiments. The maximum delignification was achieved after 90 minutes of
extraction in all experiments. Additional 30 minutes of extraction time did not
change the extract consistency in Experiment 3 with oxygen starved environment.
However, in Experiments 1 and 2 the carbohydrate concentration of the extract

continued to increase, indicating of carbohydrate peeling reactions.

Example 2
The aim of Example 2 was to investigate the effect of pre-hydrolysis on soda pulp

quality.

The same reactor arrangement was used as in Example 1. Determination of
hemicelluloses and pectins in wood and pulp fibers was done through acid
methanolysis and gas chromatography, as described in Nord Pulp Pap Res
J11(4):216-219.

Two experiments were performed by using 970 g o.d. birch chips in both

experiment 1 and 2. During delignification the alkali (NaOH) charge was 30 g/L.

Experiment 1. With atmospheric oxygen present, the reactor was filled with plain
tap water, heating the reactor from 25 °C to 150 °C at a rate of 1.5 °C/min, kept at
150 °C for 90 min, the pre-hydrolysis solution was displaced by tap water, 220 g of
NaOH was pumped into the reactor (as a 10% w/w solution), extraction solution

was circulated for 90 minutes, the lignin rich liquor is discharged.

Experiment 2: the pressure inside the reactor was reduced to a 0.2 bar absolute
pressure, the reactor was filled with plain tap water, heating the reactor from 25 °C
to 150 °C at a rate of 1.5 °C/min, kept at 150 °C for 90 min, the pre-hydrolysis

solution was displaced by tap water, 220 g of NaOH was pumped into the reactor
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(as a 10% w/w solution), extraction solution was circulated for 90 minutes, the

lignin rich liquor was discharged.

For Experiments 1 and 2 the pre-hydrolysis solutions contained 13 % and 19 % of
the total dry solids of the birch chips, respectively, and the hemicellulose content
of the solutions was 90 % and 96%, respectively. The results clearly demonstrate
that a reduced pressure, i.e. an oxygen starved environment, enables a much
better hemicellulose extraction and produces a higher purity extract than if
atmospheric oxygen is present. The composition of birch chips in Experiment 2 is
shown in Figure 1 as a function of time. The amount of hemicellulose, lignin and

cellulose in the chips is measured as a percentage of original chip dry wood.

For Experiments 1 and 2 the alkaline extraction solution contained 39 % and 36 %
of the total dry solids of the original birch chips, respectively, and the hemicellulose

content of the liquors were 28 % and 14 %, respectively.

For Experiments 1 and 2, the residual lignin content was 10 % and 2.5 %,
respectively, and the hemicellulose content of the final chips from Experiment 2
was 0.14 %.

The pulp from Experiment 2 was refined and compared to commercial fully
bleached birch Kraft pulp refined to same degree. The tear index for the pulp from
Experiment 2 and the reference pulp was 7.1 and 5.7 Nm?/kg, respectively, and
the tensile strength was 62 and 64 KNm/kg, respectively. The results clearly show
that the pulp from Experiment 2 gives comparable or better sheet strength
compared to the commercial reference pulp even though the hemicellulose
content is below 0.2 % whereas the reference pulp contains 17 % of

hemicellulose.

Example 3
The aim of Example 3 was to investigate the effect of pre-hydrolysis on soda pulp

quality.
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The same reactor arrangement was used as in Example 1. Determination of
hemicelluloses and pectins in wood and pulp fibers was done through acid
methanolysis and gas chromatography, as described in Nord Pulp Pap Res
J11(4):216-219.

Example 3 was performed by using on 970 g o.d. pine chips in the experiment.

During delignification the alkali (NaOH) charge was 50 g/L:

Example 3. pressure inside the reactor was reduced to a 0.2 bar absolute
pressure, the reactor was filled with plain tap water, heating the reactor from 25 °C
to 150 °C at a rate of 1.5 °C / min, kept at 150 °C for 90 min, the pre-hydrolysis
solution was displaced by tap water, 400 g of NaOH was pumped into the reactor
(as a 10% w/w solution), extraction solution was circulated for 90 minutes, the

lignin rich extract was discharged.

In Example 3, the residual lignin content was 10 % and the hemicellulose content
of the final chips was 2.14 %. The tear index for the pulp from Example 3 was SR

41, 13.2 Nm?/kg resp. and the tensile strength was 65 kNm/kg.

Example 4
The aim of Example 4 was to investigate the effect of pre-hydrolysis on soda pulp

quality.

The same reactor arrangement was used as in Example 1. Determination of
hemicelluloses and pectins in wood and pulp fibers was done through acid
methanolysis and gas chromatography, as described in Nord Pulp Pap Res
J11(4):216-219.

Example 4 was performed by using 1000 g o.d. spruce chips. During
delignification the alkali (NaOH) charge was 50 g/L:

Example 4: pressure inside the reactor is reduced to a 0.2 bar absolute pressure,

the reactor was filled with plain tap water, heating the reactor from 25 °C to 150 °C
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at a rate of 1.5 °C/min, kept at 150 °C for 90 min, the pre-hydrolysis solution was
displaced by tap water, 400 g of NaOH was pumped into the reactor (as a 10%
w/w solution), extraction solution was circulated for 90 minutes, the lignin rich

extract was discharged.

In Example 4, the residual lignin content was 6 % and the hemicellulose content of
the final chips was 1.9 %. The tear index for the pulp from Example 4 was SR 40,
12.2 Nm?%kg resp. and the tensile strength was 55 kNm/kg.

Example 5
The aim of Example 5 was to investigate the effect of pre-hydrolysis on soda pulp

quality.

The same reactor arrangement was used as in Example 1. Determination of
hemicelluloses and pectins in wood and pulp fibers was done through acid
methanolysis and gas chromatography, as described in Nord Pulp Pap Res
J11(4):216-219.

Example 5 was performed by using 745 g o0.d. bagasse. During delignification the
alkali (NaOH) charge was 30 g/L.

Example 5. pressure inside the reactor was reduced to a 0.2 bar absolute
pressure, the reactor was filled with plain tap water, heating the reactor from 25 °C
to 150 °C at a rate of 1.5 °C / min, kept at 150 °C for 90 min, the pre-hydrolysis
solution was displaced by tap water, 220 g of NaOH was pumped into the reactor
(as a 10% w/w solution), extraction solution was circulated for 90 minutes, the

lignin rich extract was discharged.

The results of Example 5 clearly demonstrate that an oxygen starved environment
enables a good hemicellulose extraction. For Example 5 the residual lignin content
was 4 % and the hemicellulose content of the final pulp was 1.1 %. No tensile or

tear-index was performed.
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Even if the invention was described with reference to what at present seems to be
the most practical and preferred embodiments, it is appreciated that the invention
shall not be limited to the embodiments described above, but the invention is
intended to cover also different modifications and equivalent technical solutions

within the scope of the enclosed claims.
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CLAIMS:

1. Method for removing lignin from lignocellulosic biomass, the method comprising:

feeding lignocellulosic biomass and a first aqueous solution into a reactor vessel,
the lignocellulosic biomass and the first aqueous solution forming a reaction
mixture,

reducing the pressure in the reactor vessel below 0.8 bar absolute pressure,
preferably 0.5 bar absolute pressure, more preferably below 0.2 bar absolute
pressure, whereby the amount of oxygen in the reaction vessel is reduced,

keeping the reaction mixture at a predetermined extraction temperature in the
range of 110 to 250 °C, and

adding at least one extraction chemical, such as base or acid, to the reaction
vessel and extracting lignin from the biomass to the liquid phase of the reaction
mixture, and keeping the oxygen level at a minimum throughout the extraction of

lignin.

2. Method according claim 1, characterized by adding the at least one extraction

chemical as one single dose when the predetermined extraction temperature is

reached.

3. Method according claim 1 or 2, characterized in that the pH during the

extraction of lignin is > 10, preferably > 12, more preferably > 13.

4. Method according claim 1, 2 or 3, characterized in that the first aqueous

solution comprises at least 10 % of water, preferably at least 75 % of water, more

preferably at least 85 % of water, even more preferably at least 95 % water.

5. Method according to any of preceding claims 1 — 4, characterized in that the

predetermined extraction temperature is in the range of 120 — 200 °C, preferably 135 —
160 °C, more preferably 140 — 150 °C.
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6. Method according to claim 1, characterized by separating carbohydrates from
the reaction mixture, prior to the extraction of lignin, by extracting the reaction

mixture with a second aqueous solution.

7. Method according to claim 6, characterized in that the pH of the second
aqueous solution is 3 — 10 , preferably 4 — 9, more preferably 4 — 5, even more

preferably 4.5 — 5.

8. Method according to claim 1, characterized by continuing the lignin extraction
by circulating the first aqueous solution through the biomass as long as the

desired reduced lignin content of the biomass is reached.

9. Method according to claim 1, characterized by using the biomass, after the
extraction of lignin,

— for production of paper, board, or the like;

— for production of dissolving pulp or nanocellulose;

— for production pellets or as raw material for fuel; and/or

— for production of particle board (chipboard).

10. Method according to claim 1, characterized by using the extracted lignin, after

the separation from the reaction mixture, for production of energy or fuel and/or as

raw material for chemical products, such as carbon fibers, phenols or biocomposites.
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PATENTTIVAATIMUKSET

1. Menetelmé& ligniinin  poistamiseksi lignoselluloosabiomassasta, jossa
menetelmassa:

— syoétetdan lignoselluloosabiomassaa ja ensimmaistd vesipitoista liuosta
reaktoriastiaan, jolloin  lignoselluloosabiomassa ja  ensimmainen
vesipitoinen liuos muodostavat reaktioseoksen,

— lasketaan paine reaktoriastiassa alle 0,8 bar absoluuttista painetta,
edullisesti 0,5 bar absoluuttista painetta, vield edullisemmin alle 0,2 bar
absoluuttista painetta, jolloin hapen maara reaktioastiassa vahenee,

— pidetdan reaktioseos ennalta maaratyssa uuttolampdtilassa, joka on valilla
110 - 250 °C, ja

— lisatadan reaktoriastiaan ainakin yksi uuttokemikaali, kuten emas tai happo,
ja uutetaan ligniinia biomassasta reaktioseoksen nestefaasiin ja pidetdan

happipitoisuus minimissa koko ligniiniuuton ajan.

2. Patenttivaatimuksen 1 mukainen menetelm&, tunnettu siitd, ettd lisatédan
mainittu ainakin yksi uuttokemikaali yksittdisannoksena, kun ennalta méaaratty

uuttoldmpétila on saavutettu.

3. Patenttivaatimuksen 1 tai 2 mukainen menetelmd, tunnettu siitd, etta

ligniiniuuton aikana pH on > 10, edullisesti > 12, viela edullisemmin > 13.

4. Patenttivaatimuksen 1, 2 tai 3 mukainen menetelmd, tunnettu siité, ettd
ensimmainen vesipitoinen liuos kasittda ainakin 10 % vettd, edullisesti ainakin 75
% vettd, edullisemmin ainakin 85 % vetta, vieldkin edullisemmin ainakin 95 %

vetta.

5. Jonkin edellisen patenttivaatimuksen 1 — 4 mukainen menetelm&, tunnettu
siitd, etta ennalta maaratty uuttolampdtila on valilla 120 — 200 °C, edullisesti 135 —
160 °C, erityisen edullisesti 140 — 150 °C.
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6. Patenttivaatimuksen 1 mukainen menetelmd, tunnettu siita, ettd hiilihydraatit
erotellaan reaktioseoksesta ennen ligniiniuuttoa uuttamalla reaktioseosta toisella

vesipitoisella liuoksella.

7. Patenttivaatimuksen 6 mukainen menetelmd, tunnettu siitd, ettd toisen
vesipitoisen liuoksen pH on 3 — 10, edullisesti 4 — 9, edullisemmin 4 — 5, viel&kin

edullisemmin 4,5 — 5.

8. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siitéd etta ligniiniuuttoa
jatketaan kierrattamalla ensimmaistd vesipitoista liuosta biomassan lapi kunnes

haluttu alennettu biomassan ligniinipitoisuus on saavutettu.

9. Patenttivaatimuksen 1 mukainen menetelméa, tunnettu siitd, ettd biomassaa
kaytetaan ligniiniuuton jalkeen

— paperin, kartongin tai vastaavan valmistukseen,

— liukosellun tai nanoselluloosan valmistukseen,

— pellettien valmistukseen tai polttoaineen raaka-aineena ja/tai

— lastulevyn valmistukseen.

10. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siitd, ettd uutettua
ligniinid kaytetaan reaktioseoksesta erottamisen jélkeen energian tai polttoaineen
valmistukseen ja/tai kemiallisten tuotteiden kuten hiilikuitujen, fenolien tai

biokomposiittien raaka-aineena.
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