wo 2016/105259 A1 I 0N OO O A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/105259 A1l

30 June 2016 (30.06.2016) WIPOIPCT
(51) International Patent Classification: (72) Inventors: ALVARADQ, Fernando; Lugnets Allé 54,
CO8H 7/00 (2011.01) BO1D 11/00 (2006.01) SE-120 68 Stockholm (SE). TOMANI, Per; Repslagarva-
CO8L 97/00 (2006.01) C04B 26/24 (2006.01) gen 17, SE-141 41 Huddinge (SE).
C09J 197/00 (2006.01) C07G 1/00(2011.01) ) )
DOIF 9/17 (2006.01) COSH 8/00 (2010.01) (74) Is?sggtlé};kzhlzﬁlc((s)SWEDEN AB; P.O. Box 5381, SE-114
D21C 11/00 (2006.01) ’
(21) International Application Number: (81) D.esignated. States (unle.ss othe.rwz'se indicated, for every
PCT/SE2015/051214 kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
13 November 2015 (13.11.2015) DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
o . HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(30) Priority Data: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
1451641-3 22 December 2014 (22.12.2014) SE TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: INNVENTIA AB [SE/SE]; Box 5604, SE-114  (84) Designated States (unless otherwise indicated, for every

86 Stockholm (SE).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

[Continued on next page]

(54) Title: METHOD OF PRODUCING LIGNIN WITH REDUCED AMOUNT OF ODOROUS SUBSTANCES

(57) Abstract: The present invention relates to a method of producing lignin with re-
duced amount of odorous substances comprising the steps of: i) dissolving isolated
lignin into an alkali solution; ii)adding to the solution C, -C 4 -alcohol in an amount
of less than 30% by weight, based on the dry weight of the isolated lignin;and iii) re-

Lignin

precipitating lignin by acidifying the solution. The invention also relates to a lignin
product with reduced odor obtained and/or obtainable by the method and to the use

of the obtained lignin as a component in polymer blends, an additive or filler in

Odour-Treatment

Lignin
product
reduced
odour

Fig. 1

building materials, as binding agent in adhesives, and/or for the production of a car-
bon fiber, especially in indoor applications.



WO 2016/105259 A1 |IIWAT 00T T 0OV AR

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, Published:
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



10

15

20

25

WO 2016/105259 PCT/SE2015/051214

1

Method of producing lignin with reduced amount of odorous substances

TECHNICAL FIELD

The present invention relates to a method of producing lignin from pulp mill liquors with
reduced amount of odorous substances, to a lignin product obtained and to a use of the lignin

product.
BACKGROUND ART

Lignin is a complex polymer occurring in certain plant walls making the plant rigid. Bonds
linking lignin to cellulose are broken during a chemical pulping process. Lignin isolation from
black liquor has been used during past years to provide lignin for commercial use, for example
for use as a solid biofuel and dispersant. This lignin is also a valuable material for production of
"green chemicals" and as a fuel for the production of chemicals. The production process of
lignin of that kind is described for example in W02006/031175. According to the process,
lignin is separated from black liquor. The separation method may include steps to acidify the
black liquor so that the lignin is precipitated. The solid phase is then separated from the liquor

and can thereafter be cleaned or modified.

However, there is a desire to use lignin products also in other applications than fuel
applications. The lignin product obtained by the isolation process is a renewable, non-
poisonous environmentally friendly product which could be used for example as a raw
material for building materials. However, the obtained lignin product suffers from a drawback
of being malodorous, whereby the use of the product has been limited to few applications.

There is thus a great desire to reduce or eliminate the problems with odor in lignin products.

In the prior art, there have been attempts to reduce odour levels in lignin products.
W02012161865 discloses a method in which pressurized black liquor may be reacted with an
oxidizing agent, such as oxygen, peroxide or the like, in an amount sufficient to reduce or
eliminate the odor level in the black liquor so that there will be little or no odor in the final

lignin product. This step removes the odors by oxidating mercaptans (methyl, ethyl),and
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dimethyl, diethyl sulphides etc. However, with this process there is a risk that also lignin is

oxidized and thus deteriorated or chemically modified.

Even though there are prior art solutions for the reduction of odor levels, especially in respect
of mercaptans, there is still a need for a process that removes other organic odorous
compounds effectively. There is also a need for a process in which lignin is affected as little as
possible and in which lignin is not essentially fractionated by the odour reduction process.
There is also need for an environmentally friendly process with a reduced risk for hazards in
the production process. There is also a need for a process which can be integrated with the
present lignin separation processes in a simple way. Further there is a need to use

environmentally friendly products throughout the process for the isolation of lignin.
SUMMARY OF THE INVENTION

The object of the present invention is to provide a method for reducing the amount of
odorous substances in lignin products. It is also an object with the present invention to
provide a method for the production of a product in which lignin is affected as little as possible
and in which lignin is not essentially fractionated due to odour reduction. It is also an object to
provide a method for producing less odorous lignin products with a method that can result in
high yield. It is a further object to provide a method which is environmentally friendly and
which can be added and/or integrated with available processes for separating lignin, i.e. the

production of lignin products.

The objects above are achieved with the present method of producing lignin wherein lignin

with reduced amount of odorous substances is obtained. The method comprises the steps of:

i) dissolving isolated lignin into an alkali solution;
ii) adding to the solution C;-C4-alcohol in an amount of less than 30% by weight,
based on the dry weight of the isolated lignin; and

iii) re-precipitating lignin by acidifying the solution.

By dissolving the isolated lignin and then by adding the alcohol in the amount of less than 30%
by weight, i.e. in an amount of less than and not including 30% by weight, an extraction of the
odorous substances occurs while lignin in itself is affected as little as possible. The amount of

C;-Cs-alcohol added is preferably from 0.5 to 20% by weight, whereby lignin is affected
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minimally while extraction of odorous substances is still effective. Thus, lignin is substantially

not fractionated due to alcohol addition and a very high yield of lignin can still be obtained.

To provide a product useful in different applications, the method can further comprise the

steps of:

iv) dewatering and/or filtrating the re-precipitated lignin;
v) washing the precipitated lignin; and

vi) drying the precipitated lignin.

The dried lignin from the step vi) can be thus used as such for different applications such as
filler for building and construction materials, also aimed for in-house applications due to the

reduced or eliminated odour.

The lignin in step i) can be lignin isolated from black liquor in an alkaline chemical pulping

process. The black liquor can be soda or kraft black liquor.
The isolated lignin can be obtained from a process comprising the steps of:

a) precipitating lignin by acidifying black liquor obtained from the alkaline chemical
pulping process;

b) dewatering and/or filtrating the obtained lignin to provide a filter cake;

c) re-suspending the lignin;

d) adjusting the pH of the obtained suspension in step c) to a pH lower than 6;

e) dewatering and/or filtrating the acidic suspension from step d) to provide a filter
cake; and

f) washing and dewatering the filter cake.

Preferably, pH in step d) is adjusted to be lower than 4, such as equal with or lower than 3.5,
e.g. 2-2.5, so that as much lignin as possible is re-suspended and thus a high yield and good

filtration properties in the following filtration operations e) and f) can be obtained.

Prior to the step a), the process may comprise a pre-step in which black liquor is fractionated.
This can be done by means of filtration by for example membrane filtration such as micro- and
ultra-filtration. By such mechanical separation it is possible to separate for example particulate

material, hemicelluloses and/or it is possible to mechanically fractionate lignin and to obtain a
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specific fraction of lignin. In this way it is possible to obtain at least partially purified starting
material and/or lignin fraction while high yield can be obtained since lignin is not substantially
chemically affected. Another way to achieve fractions of lignin is a fractionation by means of

different pH levels and select lignins from a certain pH-window for further processing.

Herein, by a filter cake is meant a filter cake comprising or consisting of lignin. The washed
filter cake can be directly used in step i) above, and the method of producing lignin with
reduced odour, i.e. the odour-treatment, can be integrated into the process for obtaining
lignin from black liquor. In this way energy savings are possible, since lignin needs not to be
dried before the odour treatment. However, it is also possible to dry the lignin as a last step in

the process for obtaining lignin, wherein the process further comprises the step of:
g) drying the filter cake.

By dewatering and drying the filter cake it will be easy to transport and thus for example the

odour treatment can be made in another factory.

To further increase odour reduction the process for obtaining lignin, also called for lignin
separation or isolation process, can also comprise the step of adding a C;-Cs-alcohol in an
amount of less than 30% by weight, based on the dry weight of the isolated lignin, prior to,
during or after precipitation in step a), and/or adding a C;-Cs-alcohol prior to, during or after
at least one of the dewatering and/or washing steps b), e) and f) to reduce the amount of
odorous substances. By the addition of alcohol during the lignin separation, the odour

reduction may be further improved.

The C;-C4-alcohol can be added in the process in an amount of 0.5 to 20% by weight, based on
the dry weight of the isolated lignin, whereby lignin in itself is affected as little as possible, and

essentially no fractionation of lignin is occurred.

Preferably, lignin in step i) is obtained from kraft pulping process. Kraft pulping process has
been found to be especially suitable for lignin separation, as disclosed e.g. by “Tomani, Per;

The Lignoboost Process; Cellulose Chem Technol., 44(1-3), 53-58 (2010).

The present method of producing lignin with reduced amount of odorous substance results in

yield which is over 80% by weight, based on the weight of the isolated lignin before the
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treatment. Preferably, the yield is over 85%. Thus, the method leads only to minor material

losses.

The odorous substances that are extracted with the present method comprise at least one of
dimethydisulphide, dimethyltrisulphide, dimethyltetrasulphide, guaiacol, ethylguaiacol and
other phenolic compounds. These substances cause very bad odour which has made lignin
products difficult to use in indoor applications. Also other odorous substances, e.g. organic
substances having low concentrations, can be extracted by means of the present method. The
concentration of the odorous substances is reduced by at least 50%, the concentration being
calculated from a peak area of a respective peak in a chromatogram. Preferably, the

concentration of the odorous substances is reduced by at least 70%.

The method also preferably comprises at least partially recirculating the C;-Cs-alcohol back
into process and thus cost savings can be obtained while the process can be made more

environmentally friendly.

Preferably, the C;-C4- alcohol is ethanol. Ethanol effectively dissolves organic malodorous
substances, and especially guaiacol dissolves better in ethanol than in other alcohols whereby

the use of ethanol is especially advantageous.

The present invention also relates to a lignin product with reduced odor obtained and/or
obtainable by the above-defined method. The yield of the obtained lignin is more than 80% by
weight, based on the weight of the isolated lignin before steps i)-iii). Also, the concentration of
the odorous substances in the obtained lignin product is at least 50% less and preferably less
than 70% than in a corresponding untreated lignin, the concentration being calculated from a
peak area of a respective peak in a chromatogram. Thus, the odour problems in connection

with lignin products have been reduced substantially.

The present invention also relates to a use of the lignin product as defined above as a
component in polymer blends, additive or filler in building materials, as binding agent in
adhesives, and/or for the production of a carbon fiber. The lignin product can also be used in
building and construction materials that are intended for use indoors. Further application

areas are for example manufacturing of fibre boards, car panels, as a cross-linking agent in
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vehicle tyres, as antioxidants and as UV-protectors. The application areas are not limited to

the above-mentioned areas, other application areas are possible.

Further objects, features and advantages of the present invention will be described with

reference to the detailed description below and to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a flow chart illustration of the method according to the invention;

Fig. 2 shows a more detailed flow chart illustration of an example method according to

the present invention;
Fig. 3 shows a flow chart illustration of a process for lignin isolation; and

Fig. 4 shows a flow chart illustration of a process for lignin isolation including alcohol

addition steps.
DETAILED DESCRIPTION

In the method of the present invention, which is schematically illustrated in a flow chart in Fig.
1, isolated lignin is treated to obtain a lignin product with reduced odour. By “lignin” is meant
any lignin, which may be pure lignin or lignin with small amounts of impurities. According to
the present method, the amount or concentration of the odorous substances can be reduced
in lignin products while it is possible to obtain high yield of lignin. The less odorous or
substantially odourless lignin product can be used in a wide range of applications including

indoor applications which is a huge advantage.

Lignin to be treated by the present method is according to one aspect obtained as a by-
product from an alkaline chemical pulping process. The alkaline chemical pulping process is
preferably sulphate, also called kraft, process or soda process. Both processes result in alkaline
liquor containing dissolved lignin. By kraft pulping process is meant a treatment of fibre-based
material by cooking the fibre-based material in white liquor at a cooking temperature of from
about 130-200°C to make lignin soluble in the cooking liquor. White liquor is a mixture of
sodium hydroxide and sodium sulphide. By black liquor is meant the cooking liquor obtained

during cooking from the alkaline chemical pulping process. Black liquor contains residues of
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white liquor and other pulping chemicals, lignin, hemicelluloses and other extractives from the

fibre-based material.

The fibre-based material useable in this invention can be softwood, hardwood or non-wood,
such as annual plants. The softwood tree species can be for example, but are not limited to:
spruce, pine, fir, larch, cedar, and hemlock. Examples of hardwood species from which pulp
useful as a starting material in the present invention can be derived include, but are not
limited to: birch, oak, poplar, beech, eucalyptus, acacia, maple, alder, aspen, gum trees and
gmelina. Preferably, the fibre-based material mainly comprises softwood. The fibre-based
material may comprise a mixture of different softwoods, e.g. pine and spruce. The fibre-based
material may also comprise a non-wood raw material, such as bamboo and bagasse. The fibre-
based material may also be a mixture of at least two of softwood, hardwood and/or non-

wood.

The amount of odorous or odour containing substances can be reduced in the lignin product
by means of extracting. Especially, organic malodorous substances can be extracted by the
present method. Extracting is suitably selective, meaning that substantially mainly the odorous
or odour containing substances are extracted. The extraction is obtained by means of the
combined dissolution of lignin in alkali and the addition of C1-Cs-alcohol to the solution. By C;-
Cs-alcohol is meant methanol, ethanol, propanol, isopropanol, n-butanol, sec-butanol, tert-
butanol or mixtures thereof. The odorous substances are extracted in alcohol, suitably
methanol, ethanol, propanol, isopropanol or butanol, from the dissolved lignin. The amount of
the alcohol to be added should be kept as low as possible, so that lignin is affected as little as
possible. Thus, the amount of alcohol to be added is less than 30% by weight and can be from
about 0.5 to about 20% by weight, based on the dry weight of lignin. The alcohol including the
extracted odorous substances is removed from the process and optionally recirculated at least

partly back in the process.

Reference is now made to Fig. 2 in which the method according to the present invention is
schematically illustrated more in detail. As can be seen, before alcohol addition in step ii),
lignin is dissolved in an alkali solution, such as NaOH, in step i). The pH of the solution is

adjusted to about 11-13 to ensure that substantially all lignin is dissolved.
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After alcohol addition in step ii), the method may comprise a maturing period of desired
length (not shown in Fig. 2). The maturing period can be for example from 10 minutes to one
hour, but is not limited to these periods and can be adjusted by the skilled person to different
processes and needs. After the optional maturing, lignin is re-precipitated by acidification in
step iii) during which pH is adjusted to about 2-4 to ensure that substantially all lignin is re-
precipitated. Acidifying and pH adjustment can be performed by adding SO, as gas, organic
acids, HCI, HNOs, carbon dioxide or sulphuric acid. Mixtures of the different acids thereof can
also be used. The acid can be for example sulphuric acid which is commonly used in paper

making processes.

The re-precipitated lignin has a reduced concentration of odorous substances. However, in
most applications the re-precipitated lignin needs to be transported so that lignin can be used
in different applications and thus dewatering and possibly filtering, washing and drying of
lignin is required. As further illustrated in Fig. 2, the method can thus comprise a step iv) in
which lignin in the form of a filter cake is dewatered and/or filtrated. Dewatering can be
performed by any means to withdraw water. For example, the dewatering is performed by
using centrifugation, a filter press apparatus, a band filter, a rotary filter, such as a drum filter,
or a sedimentation tank, or similar equipment. Filtration can be performed by using any
conventional apparatus suitable for filtration, such as filter press or a band filter. The filtrate
from the dewatering step can be re-circulated to a recovery system, and the alcohol can be
further recirculated back in the process. Subsequent to dewatering and/or filtration, the
obtained lignin in the form of a filter cake is washed in step v). Washing can be performed by
using water and/or small amounts of alcohol, i.e. 1-10% by weight, based on the weight of
lignin, such as ethanol. Also during the wash, it is advantageous if the pH is kept acidic, such as
from pH 1.5 to pH 5, preferably from pH 1.5 to pH 3.5. In this way the yield of lignin can be
further increased. After washing, the obtained filter cake is dried in step vi) and a final lignin

product with reduced odour is obtained.

Lignin to be treated according to the present invention can be obtained from a process for
separation or isolation of lignin which is illustrated in the flow chart of Fig. 3, and which is also
commercially called for LignoBoost® process. In step a) of the process lignin is precipitated by
acidifying black liquor obtained from an alkaline chemical pulping process. The chemical

process is preferably kraft process. Acidifying can be performed by any means sufficient to
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acidify black liquor. Preferably the acidifying is performed by adding SO,(gas), HCl or sulphuric
acid, or mixtures thereof to said black liquor. Carbon dioxide or sulphuric acid are the
preferred alternatives since these acids are commonly used in paper making processes and by
using these acids it is possible to obtain high yield. By using carbon dioxide in step a) so as to
acidify the black liquor approximately to a pH between 11.5 and 9, normally around pH 10, a
lignin product can be obtained. The product can be used as fuel or for the production of
chemicals and has reasonably low ash content and a low tendency to cause corrosion. Prior to
step a), the process optionally comprises a pre-step in which black liquor can be filtrated for
example by membrane filtration. By this mechanical separation it is possible to separate for
example particulate material, hemicelluloses and/or it is possible to mechanically fractionate
lignin and to obtain a specific fraction of lignin. Another way to achieve fractions of lignin is
fractionation by different pH levels and select lignins from a certain pH-window for further

processing.

In the step b) as illustrated in the flow chart, the obtained lignin is dewatered and/or filtrated
in a first dewatering and/or filtration step. Also in this connection the dewatering may be
performed by any means to withdraw water, for example by using centrifugation, a filter press
apparatus, a band filter, a rotary filter, such as a drum filter, or a sedimentation tank, or
similar equipment. For example, when using a filter press apparatus the filter cake obtained
through dewatering may be blown through by gas or a mixture of gases, preferably
compressed air in order to dispose of the remaining liquid, such as black liquor, before re-
suspending the obtained cake as set out in step c). The filtrate from the dewatering step can
be re-circulated to the pulp mill black liquor recovery system. The pH level adjustment before
dewatering/filtration, made by addition of acid preferably CO, (g), can be combined with an
adjustment of ion strength, preferably by using alkali metal ions or multivalent alkaline earth
metal ions, most preferred calcium ions. Higher ion strength gives at a given pH lower yield

losses of lignin as the lignin becomes more stable.

Thus, the step ¢) comprises re-suspending the lignin to form a suspension. Generally by a
suspension is meant a heterogeneous mixture containing liquid and small solid particles, such
as about 1 um or larger. The particles in the suspension are able to settle whereby it is
possible to obtain a filter cake. The re-suspension may suitably take place at a temperature of

from 30 to 70°C.
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In the step d), the pH level is preferably adjusted to below approximately pH 6, and suitably
below approximately pH 4, and preferably below 3.5, e.g. 2-2.5. The pH level is preferably
from pH 1.5 to pH 3.5 to ensure that substantially all lignin is re-suspended and to give good
filtration properties in the following dewatering/filtration step. It is also important in order to
isolate a lignin with low content of inorganics. Acidifying can be performed with the same

chemicals as in connection with acidifying black liquor and as described above.

After acidifying, a second dewatering and/or filtration step e) is performed similarly as the

above-defined step b).

In step f), the obtained filter cake is washed and the washing liquid, such as acidified water,
can have a pH level of below approximately pH 6, preferably below approximately pH 4. The
pH level is most preferred a pH from 1.5 to 3.5. The washing liquid is dewatered and in one
embodiment of the invention, the obtained filter cake is treated with the method steps i)-iii)

without drying the filter cake before the treatment.

According to another embodiment the method further comprises the step g) of drying the

filter cake, whereby the filter cake can be easily e.g. transported.

The filter cake obtained from the final dewatering step above in connection with the method
of treating lignin to reduce odorous substances or in the process to provide lignin to be
treated can be pressed to a high dry content and the remaining washing liquor in the filter
cake is preferably removed with air or flue gases from e.g. a recovery boiler or bark boiler. The
latter also makes it possible to obtain a drier lignin. The washing liquor and a part of the
filtrate from the second filtration can preferably be returned to the re-suspending step c) to

further reduce the consumption of acid and water.

In Fig. 4 another embodiment of the invention is schematically illustrated by a flow chart. Fig.
4 illustrates the same process to separate lignin from black liquor as Fig. 3. However, in the
process C;-Cs-alcohol, preferably ethanol, is added in an optional step h) already during the
isolation process to further decrease the amount or concentration of odorous substances. The
alcohol may alternatively or additionally be added before, during or subsequent the

precipitation step a). The alcohol may also be added during the first dewatering/filtration step
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b) and/or during the second dewatering/filtration step e) and/or during the

washing/dewatering step f). The alcohol may be recirculated back into process.

With the present method of producing lignin with reduced amount of odorous substances it is
possible to obtain high yield, such as over 80% by weight, based on the weight of the isolated
start lignin. Even higher yields are possible, such as over 85% and up to about 90-95%. Thus,
the method leads only to minor material losses which is a major advantage. The high yield can
be obtained due to the fact that the extraction method is rather moderate meaning that
substantially no fractionation of the lignin occurs due to odour reduction process. Mainly only
odorous substances, especially organic odorous substances, are extracted. The odorous
substances that are extracted with the present method comprise at least one of
dimethydisulphide, dimethyltrisulphide, dimethyltetrasulphide, guaiacol, ethylguaiacol and
other phenolic compounds. These substances lead to malodourous gases which have made
lignin products difficult to use in indoor applications. The concentration of the odorous
substances is reduced by at least 50%, the concentration being calculated from a peak area of
a respective peak in a chromatogram. Preferably, the concentration of the odorous substances
is reduced by at least 70%. Thermogravimetry analysis (TGA) of the lignin product produced by
the present process shows that the lignin is essentially not affected by the present process.
This further supports the conclusion of the present invention that the present process is

gentle towards lignin, while the odorous substances can be reduced effectively.

Due to the obtained odour reduction, the lignin product is possible to use in many
applications. For example lignin can be used as a component in polymer blends, an additive or
filler in building materials, as binding agent in adhesives, and/or for the production of a carbon
fiber. The lignin product can also be used in building materials that are intended for use
indoors. Further application areas are for example manufacturing of fibre boards, as a cross-
linking agent in vehicle tyres, as antioxidants and as UV-protectors. The application areas are

not limited to the above-mentioned areas, other application areas are possible.

The invention is further described in the following example.
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Example

The precipitation experiments were carried out at atmospheric pressure in a tank reactor
equipped with baffles. When the target temperature was reached, carbon dioxide was
bubbled through the black liquor via a sparger located underneath the impeller (a Rushton
turbine) in order to acidify the black liquor. The carbon dioxide flow was stopped when the

target pH (approximately 10) was reached.

When the slurry had reached the desired pH, the stirring rate was decreased and the slurry
was allowed to mature for 30 minutes. After maturing, the lignin slurry was transferred to the
test filter equipment. The suspension was filtered at constant pressure and the filtration time
and filtrate weight was recorded during the whole filtration. The formed lignin cake was
weighed and the dry solids content was measured. Sample of the lignin-lean filtrate was taken

for analyses of dry solids, density and viscosity.

The filter cake obtained from the first separation step was re-dispersed in water and pH-
adjusted to pH 2-2.5 by addition of H,S0,4. After maturing, the lignin slurry was transferred to
the test filter equipment. The suspension was filtered at constant pressure and the filtration
time and filtrate weight was recorded during the whole filtration, and displacement washed

with wash liquid (water, pH-adjusted to 2).

For the production of reduced odorous lignin (Sample 2) a third the step was added where the
washed lignin cake was re-dissolved in water and NaOH at a pH of 12.5 and with an addition of
20% EtOH (w/w calculated on lignin). After maturing, the pH was adjusted to 2.5 by addition of
H,S0,4. The new lignin suspension was transferred to the test filter equipment. The suspension
was filtered at constant pressure and the filtration time and filtrate weight was recorded
during the whole filtration, and displacement washed with wash liquid (water, pH-adjusted to

2).

The filtered lignin cakes were dried for about one hour at a temperature of 80°C in a heating
chamber to remove the remaining alcohol from the samples. The reference sample was
treated similarly. Samples were then analyzed with regard to the concentration of guaiacol by
means of a “Head space analysis” which means that gases having a high vapour pressure were

captured and these gases were then injected and separated in a gas chromatography
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apparatus. A mass spectrometer was used as a detector to ensure the identity of the odorous

substances. In the table, a from cake build up (m/kg) corresponds to filtration resistance.

From Table 1 below it can be seen that the sample treated according to the present method
had an odour reduction of 73%, calculated as the reduction of the peak area of the odorous
compounds (mainly guaiacol) in the treated sample compared with the peak area of those
compounds from the reference. Sample 1 is an untreated LignoBoost® lignin used as a

reference.
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It is clear to the skilled person in the art that the invention may be varied in many ways within
the scope of the appended claims. The examples and embodiments above are not intended to
limit the scope of the invention in any way. Instead the invention may be varied within the

scope of the appended claims.
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Method of producing lignin with reduced amount of odorous substances comprising

the steps of:

i) dissolving isolated lignin into an alkali solution;

ii) adding to the solution C;-C4-alcohol in an amount of less than 30% by weight,
based on the dry weight of the isolated lignin; and

iii) re-precipitating lignin by acidifying the solution.

Method according to claim 1 further comprising the steps of:
iv) dewatering and/or filtrating the re-precipitated lignin;
v) washing the precipitated lignin; and

vi) drying the precipitated lignin.

Method according to claim 1 or 2, wherein the lignin in step i) is lignin isolated from

black liquor in an alkaline chemical pulping process.

Method according to claim 3, wherein the lignin is obtained from a process

comprising the steps of:

a) precipitating lignin by acidifying black liquor obtained from the alkaline chemical
pulping process;

b) dewatering and/or filtrating the obtained lignin to provide a filter cake;

c) re-suspending the lignin;

d) adjusting the pH of the obtained suspension in step c) to a pH lower than 6;

e) dewatering and/or filtrating the acidic suspension from step d) to provide a filter
cake; and

f) washing and dewatering the filter cake.

Method according to claim 4, wherein the process further comprises, prior to the
step a), a pre-step in which black liquor is fractionated by filtration or by means of

different pH-levels.
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11.

12.

13.

17
Method according to claim 4 or 5, wherein the process further comprises the step of:

g) drying the filter cake.

Method according to any one of claims 4 to 6, wherein the process further

comprises the step of:

h) adding a C;-C4-alcohol in an amount of less than 30% by weight, based on the dry
weight of the isolated lignin, prior to, during or after precipitation in step a),
and/or adding a C;-Cs-alcohol prior to, during or after at least one of the
dewatering and/or washing steps b), e) and f) to reduce the amount of odorous

substances.

Method according to any one of the preceding claims, wherein the C;-Cs-alcohol is
added in an amount of 0.5 to 20% by weight, based on the dry weight of the isolated

lignin.

Method according to any one of the preceding claims, wherein lignin in step i) is

lignin obtained from kraft pulping process.

Method according to any one of the preceding claims, wherein the lignin yield is over

80% by weight, based on the weight of the isolated lignin.

Method according to any one of the preceding claims, wherein the odorous
substances comprise at least one of dimethydisulphide, dimethyltrisulphide,

dimethyltetrasulphide, guaiacol, ethylguaiacol and other phenolic compounds.

Method according to any one of the preceding claims, wherein the concentration of
the odorous substances is reduced by at least 50 %, the concentration being

calculated from a peak area of a respective peak in a chromatogram.

Method according to any one of the preceding claims, wherein the method further

comprises at least partially recirculating the C;-C4-alcohol back into process.
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16.

17.

18.

19.

18
Method according to any one of the preceding claims, wherein the C;-Cs- alcohol is

ethanol.

Lignin product with reduced odor obtained and/or obtainable by the method

according to any one of claims 1-14.

Lignin product according to claim 15, wherein the yield of the obtained lignin is more

than 80% by weight, based on the weight of the isolated lignin before steps i)-iii).

Lignin product according to claim 15 or 16, wherein the concentration of the
odorous substances in the obtained lignin product is at least 50% less thanin a
corresponding untreated lignin, the concentration being calculated from a peak area

of a respective peak in a chromatogram.

Use of the lignin product according to any of claims 15-17 as a component in
polymer blends, an additive or filler in building and construction materials, as binding

agent in adhesives, and/or for the production of a carbon fiber.

Use according to claim 18, wherein the building materials are intended for use

indoors.
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