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METHOD FOR PRODUCING A LIGNIN PRODUCT

FIELD OF THE INVENTION

The present invention relates to a method for producing a lignin prod-
uct. More particularly, the invention relates to an improved method for producing

a precipitated lignin product with high purity in an efficient and controlled way.

BACKGROUND OF THE INVENTION

Precipitation of lignin from a lignocellulosic material with water is
known. WO 2011/154293 A1 discloses a process for separation of lignins and sug-
ars from an extraction liquor involving concentrating the extraction liquor, mixing
the concentrated liquor with water in equal parts, stirring the resultant mixture to
obtain a stable suspending of the lignins in the solution, filtering the solution com-
prising the suspended lignins.

WO 2021/198555 A1l discloses a method for the separation of lignin
from an organic solvent, comprising multiple two-step cycles involving a first step
of adding an aqueous solution to a lignin-containing organic solvent to precipitate
lignin, and a second step of subjecting the resultant lignin-reduced solution to the
first step of addition of an aqueous solution. Precipitated lignin is separated and
recovered in each step. The multi-step addition of an aqueous solution to a lignin-
containing solution provides lignin precipitates with a different molecular weight
distribution.

WO 2019/162277 A1 discloses a method of production of lignin and
hemicellulose from a plant lignocellulosic material comprising contacting a plant
lignocellulosic material with an extraction solution comprising acetic acid, formic
acid and water to obtain a solid fraction and a liquid fraction. The liquid fraction is
separated, concentrated and mixed with equal part by weight of water to provide
a suspension comprising solid particle in suspension.

Use of water in precipitation of lignin from an organic spent cooking lig-
uor from organosolv pulping of a lignocellulosic material generates high amount of
waste water or a diluted hemicellulose solution. High losses of organic acids and /or
high processing costs to purify hemicellulose solution and further treatment of
waste water cannot be avoided to recover water and organic acids.

There has also been challenges in recovering of a precipitated lignin

product by filtration, e.g., due to the wide range of particle sizes and shapes.
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BRIEF DESCRIPTION OF THE INVENTION

We have now found an improved method for efficient and controlled
production of a precipitated lignin product having targeted properties.

The method is based on an organosolv pulping of a lignocellulosic ma-
terial in which cellulose, lignin and hemicellulose present in the lignocellulosic ma-
terial are separated in two main streams, i.e., cellulosic pulp and a solution of solu-
ble lignin and hemicellulosic sugars, by using an aqueous organic solvent as a cook-
ing liquor. The cooking liquor is acidic and includes formic acid and acetic acid, wa-
ter and furfural. During cooking, hemicellulosic sugars and a portion of lignin are
dissolved in the cooking liquor.

In the context or the present invention, the term “organosolv pulping”
means that delignification of the lignocellulosic material is performed with organic
acids in an aqueous solution constituting a cooking liquor. The organic acids in-
clude formic acid and acetic acid. In the invention, the organosolv pulping of a lig-
nocellulosic material is thus performed in acidic conditions wherein the total con-
tent of organic acids in the cooking liquor is about 65% wt.% to about 90% wt.%.

In the presentinvention, the cooking liquor used in the organosolv pulp-
ing may contain a low amount alcohol(s), such as methanol and ethanol, of at most
8 wt.%. Due to the low content of alcohol in the cooking liquor, organosolv pulping
in the present invention does not correspond to organosolv delignification with al-
cohols.

In context of the invention, a soluble lignin-containing organic solution
obtained from cooking of a lignocellulosic material with an aqueous organic solvent
is described here as “a spent cooking liquor”. The spent cooking liquor thus con-
tains, e.g.., soluble lignin, hemicellulosic sugars, inorganics, proteins and extrac-
tives, and also components of original cooking liquor. As used herein, the terms
“soluble lignin-containing organic solution” and “spent cooking liquor” are inter-
changeable.

In the method of the invention, soluble lignin is precipitated from the
spent cooking liquor using an aqueous solution which comprises organic acids. It
was surprisingly found, firstly, thatalignin precipitate of high purity was obtained
using specific precipitation conditions involving employing an aqueous organic so-
lution comprising acids as a precipitant solution, and secondly, using a dynamic
mixer in mixing the spent cooking liquor and an aqueous organic solution in a con-
tinuous manner affected the precipitated lignin product yield and properties, and

thirdly, quick cooling of the lignin precipitate provided beneficial filterability of the

PCT/FI12024/050364



10

15

20

25

30

35

WO 2025/003577

PCT/FI12024/050364

lignin precipitate. In particular, use of an aqueous solution comprising organic ac-
ids for lignin precipitation, and quick cooling of the lignin precipitate have a favor-
able effect on quality of the lignin precipitate. Acidic precipitant solution obtainable
from the organosolv pulping process provides a lignin precipitate of high purity
and diminishes need of fresh water.

In the context of the invention, the term “lignin precipitate of high pu-
rity” means a precipitated lignin product which contains a decreased amount of
sugars, inorganics and proteins. The term "beneficial filterability" means a precip-
itated lignin product which filtrates with an increased rate.

Generally, it is challenging to achieve a lignin product with high purity
without compromising process effectiveness and savings in energy and in use of
fresh water. The method of the invention employs specific precipitation conditions
whereby lignin filterability of a lignin precipitate is improved. Significant energy
savings are achieved with method of the invention by utilizing acidic process
streams, and a spent cooking liquor of high dry matter content in the precipitation,
while a high quality lignin product is achieved.

The present invention provides an efficient and economic method for
producing and recovering a pure precipitated lignin product having minor
amounts of impurities, such as protein, by filtration using an acidic precipitant so-
lution and quick cooling after the precipitation. The lignin precipitate of high purity
ensures efficient recovery of the lignin product by filtration whereby clogging of
the filter is avoided. The method of the invention efficiently employs acidic process

streams avoiding need for fresh water thus providing savings in energy costs.

DETAILED DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a method for producing
a lignin product, comprising the steps of:

- providing a soluble lignin-containing organic solution,

- providing an aqueous precipitant solution comprising about 5% to
about 40% of acid(s),

- adding the aqueous precipitant solution to the soluble lignin-contain-
ing organic solution to provide a mixture having a temperature in the range of
about 40°C to about 90°C,

- cooling the mixture containing a precipitated lignin product about 2
sec to about 2 hours,

- separating and recovering the precipitated lignin product from the
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mixture.

The percentages of the various constituents used in the method of the
present invention are given on weight basis, i.e. wt.%.

Soluble lignin-containing organic solution is originated from an organo-
solv pulping method of a lignocellulosic material.

In the method of the invention, the soluble lignin-containing organic so-
lution may contain a low amount of alcohol(s), such as methanol and ethanol. In an
embodiment, the amount of ethanol is at most 5 wt.%. In an embodiment, the
amount of methanol is at most 6 wt.%. The total content of alcohol(s) in the soluble
lignin-containing organic solution is at most 8 wt.%.

In an embodiment, the soluble lignin-containing organic solution com-
prises formic acid, acetic acid, and water. In another embodiment, the soluble lig-
nin-containing organic solution comprises formic acid, acetic acid, water and fur-
fural.

In an embodiment, the soluble lignin-containing organic solution com-
prises about 65 wt.% to about 90 wt.% of organic acids in total based on the liquid
part (i.e., volatile components including formic acid, acetic acid, furfural, alcohol(s),
water) of the soluble lignin-containing organic solution. In an embodiment, the or-
ganic acids are formic acid and acetic acid.

In an embodiment, the dry matter content of the soluble lignin-contain-
ing organic solution is in the range of about 50% to about 90%. In another embod-
iment, the dry matter is from about 60% to about 85%. In a further embodiment,
the dry matter is from about 70% to about 80%.

The aqueous precipitant solution comprises about 5% to about 40% of
acid(s). In another embodiment, the aqueous precipitant solution comprises about
20% to about 30% of acid(s). The acid(s) is(are) organic acid(s). In an embodiment,
the acid is selected from formic acid, acetic acid and a mixture thereof.

In an embodiment, the aqueous precipitant solution comprises an acidic
process stream from organosolv pulping process of the lignocellulosic material. In
an embodiment, the aqueous precipitant solution consists of an acidic process side
stream from organosolv pulping process of the lignocellulosic material. Using at
least partly acidic process side streams originated from organosolv pulping pro-
cess in the lignin precipitation, savings in fresh water and in energy costs are
achieved.

The aqueous precipitant solution is added to the soluble lignin-contain-

ing organic solution in a weight ratio of about 0.7:1 to about 2.5:1. In an embodi-

PCT/FI12024/050364
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ment, the aqueous precipitant solution is added in a weight ratio of about 1:1 to
about 2:1.

Addition of the aqueous precipitant solution to the soluble lignin-con-
taining organic solution provides a mixture. In an embodiment, the content of or-
ganic acids in total based on the liquid part (i.e., volatile components including for-
mic acid, acetic acid, furfural, alcohol(s), water) of the mixture is at most 60 wt.%.
In an embodiment, the total organic acid content is in the range of about 5 wt.% to
about 60 wt.% based on the liquid part.

The temperature of the mixture of the soluble lignin-containing organic
solution and the aqueous precipitant solution before cooling is in the range of 40°C
to about 90°C. In an embodiment, the temperature is about 50°C to about 90°C. In
an embodiment, the temperature is about 60°C to about 85°C. In another embodi-
ment, the temperature of the mixture is in the range of about 65°C to about 80°C. It
is not necessary that the temperature of the soluble lignin-containing organic solu-
tion and the aqueous precipitant solution are initially the same. The temperature
of the precipitant solution may be lower than that of the soluble lignin-containing
organic solution. For example, the precipitant solution and the soluble lignin-con-
taining organic solution may have a temperature of about 60°C and about 95°C,
respectively.

After the aqueous precipitant solution has been added, cooling of the
mixture is started. The mixture containing precipitated lignin is cooled to about
20°Cto about 50°C. In an embodiment, cooling of the mixture is performed or about
2 secto about 2 hours. In another embodiment, cooling of the mixture is performed
within 60 minutes. Duration of cooling is dependent on the efficiency of a heat ex-
changer employed in the method. Shorter cooling time is achieved with a more ef-
ficient heat exchanger. Fast cooling ensures that uniform particle size of a lignin is
achieved providing, in turn, enhanced filterability of the precipitated lignin prod-
uct.

The precipitated lignin product is separated and recovered. In an em-
bodiment, the separation is carried out by filtration.

If desired, the precipitated lignin product may be washed, e.g., with wa-
ter to remove any residual impurities in the product.

The precipitated lignin product produced by the method of the inven-
tion comprises at least 50% of acid insoluble lignin determined with NREL TP-510-
42618 method (August 2012). Lignin determined by this method is also known

“Klason lignin”.

PCT/FI12024/050364
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The content of the impurities including protein, acids, pentosan hemi-
cellulose, inorganics, e.g., ash of biomass, of the precipitated lignin product pro-
duced by the method of the invention is in the range of about 2 wt.% to about 30
wt.%.

In a further aspect, the invention provides a precipitated lignin product
comprising at least 50% of acid insoluble lignin determined with NREL TP-510-
42618 method (August 2012). Lignin determined by this method is also known
“Klason lignin”.

In an embodiment, the precipitated lignin product of the invention con-
tains about 2 wt.% to about 30 wt.% of impurities including protein, acids, pento-
san hemicellulose, inorganics, e.g., ash of biomass.

The following examples are presented for further illustration of the in-
vention without limiting the invention thereto.

The content of acid soluble lignin was measured according to technical
report of NREL TP-510-42618 (August 2012).

The content of pentosans was determined according to standard “TAPPI
T223 cm-10 Pentosans in wood and pulp”, wherein furfural is analysed with HPLC.

Example 1

Wheat straw lignocellulosic material was delignified with a cooking lig-
uor containing water, formic acid and acetic acid to provide a soluble lignin-con-
taining spent cooking liquor. The soluble lignin-containing spent cooking liquor
was concentrated to a dry matter content of 57%. The content of formic acid and
acetic acid in total based on the liquid part of the soluble lignin-containing spent
cooking liquor was 77%.

Two acidic aqueous solutions containing 20% and 35% of formic acid
and acetic acid in total were used as precipitant solutions to precipitate lignin in
the concentrated spent cooking liquor.

Water was used as a reference precipitant solution (0% acid). The pre-
cipitant solutions were added to the concentrated spent cooking liquor in a ratio of
1:1 (w/w) to provide a mixture.

Addition of water (0% acid) gave a mixture containing 23% of formic
acid and acetic acid in total based on the liquid part of the mixture. Addition of 20%
acidic solution gave a mixture containing 37% of formic acid and acetic acid in total
based on the liquid part of the mixture. Addition of 35% acidic solution gave a mix-
ture containing 48% of formic acid and acetic acid in total based on the liquid part

of the mixture.
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The resultant mixture had a temperature of 40°C. After precipitation,
the mixture was cooled for about 15 min to reach the temperature of about 35°C.
Precipitated lignin was filtered using a filter paper having a retention capacity of
0.6 um.

Table 1 shows the effect of the precipitant solutions on the purity of the
precipitated lignin products. The percentages are based on weight and on dry mat-

ter of the precipitated lignin.

10

15

20

25

30

Table 1
Precipitant | Protein-corrected Bound acids | N as protein | Pentosans
acid insoluble lignin | (%) (%) (%)
(%)*
0% acid 81.2 7.7 7.2 3.1
20% acid 82.1 7.0 5.4 2.9
35% acid 83.3 6.8 3.1 2.4

* acid insoluble lignin minus amount of protein

The results show that less protein, acids and pentosan hemicellulose
impurities are bound to precipitated lignin, and thus the purity of the lignin prod-
uct is increased when the acid content of the precipitant solution increased.

Reference example 2

The example illustrates an effect of different cooling times on filterabil-
ity of lignin precipitates.

Two soluble lignin-containing spent cooking liquors were tested having
a different dry matter content. Pure water was used as a precipitant solution. The
precipitant solution was added to the spent cooking liquors with vigorous stirring
to provide mixtures. The temperature of the mixtures was 80°C. The spent cooking
liquors containing precipitated lignin were cooled to a room temperature of about
22°C before filtering.

Precipitated lignin was filtered using a filter paper having a retention
capacity of 0.6 pm.

Total filtration time describes the minimum time required to stop drop-
ping of a filtrate.

The results of Table 2 relate to a lignin precipitation from a soluble lig-
nin-containing spent cooking liquor having a dry matter content of 35% before lig-

nin precipitation. The precipitant solution (water) was added to the spent cooking
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The results of Table 3 relate to a lignin precipitation from a soluble lig-

nin-containing spent cooking liquor having a dry matter content of 79% before lig-

nin precipitation. The precipitant solution was added to the spent cooking liquor

in a ratio of 1:1 and 2:1.

Table 2. DM 35% of the lignin-containing spent cooking liquor concentrate

Slow cooling | Medium-speed cooling | Fast cooling
Cooling time, h * 4.5 2.5 0.2
The amount of precipi- 141 148 148
tate, g
Filtration time (“sur- 8.4 5.7 3.5
face dry”), min
Total filtration time, 14.9 7.3 8.2
min

* cooling time to lower the temperature from 80°C to 22°C

Table 3. DM 79% of the lignin-containing spent cooking liquor concentrate

Slow cooling | Medium-speed | Fastcooling | Slow cool-

cooling ing

Spent cooking li- 1:1 1:1 1:1 1:2

quor:water

Cooling time, h * 3.9 2.3 0.19 5.1

The amount of 68 70 69 100

precipitate, g

Filtration time 14 15 9 20

(“surface dry”), s

Total filtration 50 51 31 30

time, s

* cooling time to lower the temperature from 80°C to 22°C

The results of Tables 2 and 3 show that filtration of the precipitated lig-

nin product became faster when the cooling time was shortened after the precipi-

tation of the lignin product. This indicates that the precipitated lignin product de-

sirably has a beneficial particle size distribution allowing fast filtration of the pre-

cipitated product.
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The results show that the combination of the hot lignin-containing
spent cooking liquors and the hot precipitant solution, and quick cooling after pre-
cipitation produce a lignin precipitate exhibiting good filterability.

Example 3

5 Soluble lignin-containing spent cooking liquor having a dry matter con-
tent of 79% before lignin precipitation was provided. The organic acid content of
the liquid part of the soluble lignin-containing spent cooking liquor was 76 wt.%.
An aqueous solution containing formic acid and acetic acid in total of 20% was used
as a precipitant solution. The precipitant solution was added to the spent cooking

10  liquor in a ratio of 2:1 (w/w) to provide a mixture. The mixture had a formic acid
and acetic content in total of 25 wt.% based on the liquid part of the mixture.

The temperature of the mixture was 80°C. Cooling and filtration were
carried out as described in reference example 2.

The results are shown in Table 4.

15
Table 4. DM 79% of the lignin-containing spent cooking liquor con-
centrate
Slow cooling | Medium-speed cooling | Fast cooling
Spent cooking 1:2 1:2 1:2
liquor:precipitant
Cooling time, h * 5.05 2.17 0.18
The amount of precipi- 101 101 107
tate, g
Filtration time (“surface 15 13 7
dry”), s
Total filtration time, s 52 42 25
* cooling time to lower the temperature from 80°C to 22°C
20 The results show that filtration of the precipitated lignin product be-

came faster when the cooling time was shortened after the precipitation of the lig-
nin product.
Example 4
The following Table 5 shows fresh water and energy savings obtained
25 by using an acidic precipitant solution in accordance with the method of the inven-
tion instead of pure water.

The spent cooking liquor containing soluble lignin solution used for
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precipitation had a dry matter content of 70% (w/w). Flow rate of the spent cook-
ing liquor was 30.5 t/h.

The effect of three different precipitant solutions on fresh water and en-
ergy savings were tested. Pure water was used as a reference. Precipitant solution
B was an acidic process stream containing at least 5% of acids and consisting of a
condensate of hemicellulose filtrate produced in an organosolv pulping of a cellu-
losic material. Precipitant solution A contained 50% (w/w) of pure water and 50%
(w/w) of the acidic process stream.

Each precipitant solution was added to the spent cooking liquor in the
ratio of 2:1. Flow rate of the precipitant solution was 61 t/h.

Resultantlignin precipitate was washed with water. Water used for pre-
cipitation and washing was led to a distillation. Energy consumption needed in dis-

tillation is given in Table 5.

Table 5
Reference (water) A B
Precipitant
flowrate total (t/h) 61 61 61
water (t/h) 61 30.5 0
process stream (t/h) 0 30.5 61
Water to lignin washing (t/h) 18.1 18.1 17.3
Water to distillation (t/h) 85.3 52.2 23.5
Heat duty of distillation (MW) 88 54 24

The results show that use an acidic precipitant solution reduces fresh
water consumption and energy consumption compared with the case when pure

water is used for lignin precipitation.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The inven-
tion and its embodiments are not limited to the examples described above but may

vary within the scope of the claims.
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CLAIMS

1. A method for producing a precipitated lignin product comprising the
steps of:

- providing a soluble lignin-containing organic solution,

- providing an aqueous precipitant solution comprising about 5% to
about 40% of acid(s),

- adding the aqueous precipitant solution to the soluble lignin-contain-
ing organic solution to provide a mixture having a temperature in the range of
about 40°C to about 90°C,

- cooling the mixture containing a precipitated lignin product for about
2 sec to about 2 hours,

- separating and recovering the precipitated lignin product from the
mixture.

2. The method of claim 1, wherein the soluble lignin-containing organic
solution is a spent cooking liquor from an organosolv pulping process of a lignocel-
lulosic material.

3. The method of claim 2, wherein the organosolv pulping process of a
lignocellulosic material is performed using an aqueous organic solvent as a cooking
liquor.

4. The method of claim 3, wherein the aqueous organic solvent com-
prises at least one of formic acid and acetic acid.

5. The method of claim 4, wherein the aqueous organic solvent com-
prises furfural.

6. The method of any one of the preceding claims, wherein the soluble
lignin-containing organic solution comprises formic acid, acetic acid, and water.

7. The method of claim 6, wherein the soluble lignin-containing organic
solution further comprises furfural.

8. The method of any one of the preceding claims, wherein the soluble
lignin-containing organic solution comprises about 65 wt.% to about 90 wt.% of
formic acid and acetic acid in total based on the liquid part of the soluble lignin-
containing organic solution.

9. The method of any one of the preceding claims, wherein the soluble
lignin-containing organic solution contains at most 8 wt.% alcohol(s), such as
methanol and ethanol.

10. The method of any one of the preceding claims, wherein the dry mat-

ter of the soluble lignin-containing organic solution is in the range of about 50% to

PCT/FI12024/050364
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about 90%, specifically about 60% to about 85%, more specifically about 70% to
about 80%.

11. The method of any one of the preceding claims, wherein the aqueous
precipitant solution comprises about 20% to about 30% of acid(s).

12. The method of claim 11, wherein the acid(s) in the aqueous precip-
itant solution are organic acid(s).

13. The method of claim 11 or 12, wherein the organic acid(s) com-
prise(s) at least one of formic acid and acetic acid.

14. The method of any one of the preceding claims, wherein the aqueous
precipitant solution comprises an acidic process side stream from organosolv pulp-
ing process of the lignocellulosic material.

15. The method of any one of the preceding claims, wherein the aqueous
precipitant solution is added to the soluble lignin-containing organic solution in a
weight ratio of about 0.7:1 to about 2.5:1, specifically about 1:1 to about 2:1.

16. The method of any one of the preceding claims, wherein the mixture
has a temperature of about 50°C to about 90°C, specifically 60°C to about 85°C,
more specifically about 65°C to about 80°C.

17. The method of any one of the preceding claims, wherein the content
of organic acids in total based on the liquid part of the mixture is at most 60 wt.%,
specifically in the range of about 5 wt.% to about 60 wt.%.

18. The method of any one of the preceding claims, wherein the mixture
is cooled to about 20°C to about 50°C, specifically about 25°C to about 40°C.

19. The method of any one of the preceding claims, wherein the cooling
of the mixture is performed within 60 minutes, specifically about 10 minutes to
about 60 minutes.

20. The method of any one of the preceding claims, wherein the separa-
tion is carried out by solid-liquid separation method, such as filtration and centrif-
ugal means.

21. The method of any one of the preceding claims, wherein the precip-
itated lignin product contains about 2 wt.% to about 30 wt.% of impurities includ-
ing protein, acids, pentosan hemicellulose, inorganics, e.g., ash of biomass.

22.The method of any one of the preceding claims, wherein the precip-
itate lignin product comprises at least 50% of acid insoluble lignin determined with
NREL TP-510-42618 method (August 2012).

23. A precipitated lignin product comprising at least 50% of acid insol-
uble lignin determined with NREL TP-510-42618 method (August 2012).

PCT/FI12024/050364
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24. The precipitated lignin product of claim 23, wherein the precipi-
tated lignin product contains about 2 wt.% to about 30 wt.% of impurities including

protein, acids, pentosan hemicellulose, inorganics, e.g., ash of biomass.
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