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(54) Titlee PROCESS FOR PRODUCTION OF PRECIPITATED LIGNIN FROM BLACK LIQUOR AND PRECIPITATED
LIGNIN PRODUCED BY THE PROCESS

(57) Abstract: The present invention relates to a process tor the production of precipitated lignin from black liquor wherein the
process comprises the steps of; providing ablack liquor stream, treating the black, liquor at an increased temperature and precipi-
tating the lignin from the heat treated black liquor. The present: invention further relates to precipitated lignin produced according
to the process and use of the precipitated lignin produced.
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Process for production of precipitated lignin fromblack |iquor

and precipitated |ignin produced by the process.

Field of invention

The invention relates to a process for the production of
precipitated lignin fromblack liquor. The invention further
relates to precipitated lignin produced according to the
process and a solution conprising precipitated lignin as well
as different end uses of the precipitated lignin.

Backgr ound

Bl ack liquor is the spent cooking liquor from the kraft
process when digesting wood into pulp renoving I|ignin,
hem cel | ul oses and other extractives from the wood in order to
free the cellulose fibers.

The black liquor contains nore than half of the energy
content of the wood fed into the digester. It is normally
concentrated to 65 - 80 %by evaporators and burned in a
recovery boiler to produce energy and recover the cooking
chem cals. US 4,929,307 describes a process for treating black
l[iquor with heat in order to inprove the evaporability of black
l'iquor.

Lignin which is present in the black liquor is a conplex
chem cal conpound derived from wood, and an integral part of
the secondary cell walls of plants. Lignin plays a crucial part
in conducting water in plant stens.

Lignin is a by-product of pulping processes of cellulosic
raw material. There are various pulping processes such as
kraft, organosolv or soda pul ping. There are also various



2%

10

i
[

30

WO 2012/005677 PCT/SE2011/050920

bd

natural cellulosic raw materials which are used in such pul ping
processes. The cellulosic raw material and pul ping processes
are typically selected and optimzed for the cellul ose products
produced, such as paper or board. The characteristics of the
lignin are a result of the used raw material and the variation
in that material as well as on the variation in the pul ping
process. Consequently, there is a big variation in the
characteristics of black liquor and the lignin depending on
which cellulosic raw material used, i.e. hardwod or softwood
as well on the pul ping process.

There are different end uses for precipitated lignin which
has been renoved from black liquor. It may be burned as a fuel
or be used as a conponent or additive in chem cal processes and
products.

Today, there exist several different processes for the
separation and precipitation of lignin fromblack Iliquor. One
exanple is described in WOQ2006031175 A. This process for
precipitation of lignin does not give the possibility to
control or nodify the viscosity of the precipitated Iignin.
However, control of viscosity, and a decrease of viscosity in
particular, may be inportant in subsequent process steps for
further processing of precipitated Iignin.

There is thus a need for an inproved process for the
production of lignin with inproved properties, such as reduced
vi scosity.
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Summary of invention

It is an object of the present invention to provide an
i nproved process for the production of precipitated 1ignin.

It is another object of the present invention to produce
precipitated lignin with inproved properties, such as decreased
average nol ecul ar wei ght and reduced viscosity and a | ower
degree of inpurity due to residual hem cellul ose.

It is another object of this invention to produce
precipitated lignin with a higher degree of quality consistency
With respect to the inproved properties.

It is another object of this invention to produce a slurry
or solution conprising a solvent, such as an organic solvent
and precipitated lignin with inproved properties and higher
quality consistency with respect to the inproved properties.

It is yet another object of this invention to inprove the
separation of precipitated lignin fromthe |iquid phase.

These, as well as other objects are achieved by the
present invention.

The present invention relates to a process for the
production of precipitated lignin fromblack |iquor wherein the
process conprises the steps of; providing a black |iquor
stream treating the stream of black Iiquor at an increased
tenperature and precipitating the lignin fromthe heat treated
black liquor. By increasing the tenperature of the black |iquor
before the lignin is precipitated, it has been shown that the
average nol ecular weight of the precipitated lignin and the
degree of inpurities due to residual hem celluloses is reduced



10

15

20

25

36

WO 2012/005677 PCT/SE2011/050920

In this way it is possible to produce lignin with reduced
viscosity as well as a solution conprising the precipitated
lignin with reduced viscosity. Moreover, this process is a very
efficient and econonmi c favorable process for the production of
precipitated lignin with inproved properties.

The lignin may be precipitated by decreasing the pH of the
bl ack liquor. The pH may be decreased in one or nore subsequent
st eps.

It is preferred that the tenperature of the black |iquor
during heat treatnment is increased to 150-200°c, preferably
bet ween 170-190°C

The black liquor may be treated at increased tenperature
for 1-60 mnutes, preferably for 1-5 m nutes.

The pH of the black liquor may be at |east partly reduced
before the tenperature of the black liquor is increased. In
this way partly precipitated lignin my be present in the black
[iquor during the heat treatnent.

The bl ack liquor may be evaporated before the tenperature
of the black liquor is increased. It may be favorable to
increase the dry content of the black liquor before the heat
treatment in order to reduce the energy needed during the heat
treatnment. Since the amount of water is reduced during
evaporation, less energy is needed in order to increase the
tenperature of the black liquor to the desired level. The bl ack
liquor may have a solid content of between 30-50% ts before
heat treatnment or during heat treatnent.

The invention further relates to precipitated lignin
produced according to the process nentioned above. It has been
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shown that the precipitated iignin produced according to this
process will have a decreased average nol ecul ar wei ght conpared
to precipitated lignin produced according to processed
described in prior art.

The precipitated lignin produced may have i nproved
filterability due to the decrease in average nol ecul ar weight
of the produced precipitated lignin and |ower anount of
residual hemcellulose. The precipitated l|ignin produced may

thus also have a | ower degree of inpurity with respect to
resi dual hem cel | ul ose.

The invention further relates to a solution conprising a

solvent and precipitated lignin wherein the solution has
decreased viscosity and |ower degree of inpurity with respect
to hemcellulose. It has been shown that a solution conprising
precipitated lignin produced according to the process described
above, w Il have |ower viscosity conpared to a solution
conprising precipitated |ignin produced according to prior art.

The invention further relates to the use of the
precipitated lignin in biorefinery-related applications, energy
recovery or as a compound in a chem cal process or product. The
produced precipitated lignin is preferably used in for the
above nentioned causes. Due to the inproved properties of the
precipitated lignin, the handling and subsequent processing of
the precipitated lignin is inproved and facilitated.
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Short description of the draw ng
Fig 1 shows a schematic view of one enbodi ment according

to the invention.

Detail ed description of the invention

By combi ning heat treatnent of black I|iquor followed by
precipitation of lignin of the heat treated black liquor it is
possible to precipitate lignin fromblack liquor in a very
efficient way. The process according to the invention is both
easier and nore cost efficient conpared to other processes for
the production of precipitated lignin, especially for the
production of lignin with low viscosity and a |ow average
nol ecul ar wei ght.

Furthernore, it has been shown that the heat treatnent of
the black liquor in order to reduce the viscosity also wll
improve the precipitation of the lignin fromthe black I|iquor.
The precipitation process of the lignin will be much nore
efficient due to the inproved properties of the black |iquor
per se and the lignin in the heat treated black Iiquor.

The precipitated lignin will have inproved properties,
e.g. the filterability of the precipitated lignin is inproved
due to a decreased anount of residual hem cellul ose. Residual
hem cel l ul oses may form hydrogels that increases filter
resistance during separation of precipitated lignin fromthe
aqueous phase. The anount of residual hemcellulose in the
black liquor is reduced during heat treatment and the
subsequent process steps, such as filterability, is thus
i mproved .

Furthernore, the viscosity of a slurry or solution
conprising a solvent, such as an organic solvent, and
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precipitated lignin, will be reduced. This makes the slurry or
solution conprising lignin easier to handle. Punping of the
slurry or solution conprising the precipitated lignin is
inmproved and it is also possible to inprove m xing of the
l[ignin with other conmponents. The viscosity of the slurry or
solution conprising lignin depends on the heat treatnent, for
exanple the tine and tenperature of the treatnent as well as of
t he pul pi ng process which produces the black I|iquor.

The characteristics of the precipitated lignin, such as
viscosity, can nornmally not easily be reduced or nodified in
processes according to prior art. The process according to the
present invention, ains at offering a possibility to reduce
viscosity, nolecular weight and increase quality consistency of

the precipitated lignin or of a solution conprising the
precipitated lignin. This is inportant in order to enable
further use of the precipitated lignin for exanple in energy

recovery or biorefinery-related applications, or even as a
compound in chem cal processes and products. The decrease of
the viscosity of the precipitated |ignin enables a higher
gual ity consistency of products and internediate products in
subsequent processes.

The viscosity of the precipitated lignin can be neasured
at the pure lignin at a tenperature above the glass-transition
tenperature. Alternatively, the viscosity of the precipitated
lignin can be neasured on a solution conprising dissolved or
di spersed lignin in a liquid or solvent. Due to the differences
in the produced lignin, due to differences in the pul ping
processes and in the used cellulosic raw material, the
viscosity as well as other properties of the precipitated
lignin will strongly vary. The process according to this
invention gives a lignin with Iower viscosity and |ower
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variation in viscosity than lignin produced according to prior

art.

The provided black liquor is produced during digestion of

Lo

cellulosic material. The forned black liquor is separated from
the digested cellulosic material and at |east one part of the
separated black liquor is treated at an increased tenperature
and lignin is precipitated and thereafter separated from the
heat treated black |iquor.

It is preferred that at |east one part of the black Iiquor
separated from the digester is treated according to the
invention, i.e. it is not necessary to treat the entire
separated black liquor stream It is preferred that 5-100%

i5 preferably 5-50% of the total anmpunt of black liquor fromthe
digester is treated according to the invention. In this way
sone of the black liquor is burned in a recovery boiler for
utilization of the energy of the black liquor. How nuch of the
separated black liquor that is conduced to the recovery boiler

2 respectively to the heat treatnment followed by precipitation
depends on the demand on respectively end product. Sonetinmes it
is desirable to produce a large anmount of precipitated lignin
and thus a large anount of separated black Iiquor is heat
treated and thereafter precipitated.

i
i

The increase of tenperature of the black liquor is
preferably performed by addition of steam Steam is often easy
available in a pulp mll and since the black I|iquor conprises
water, addition of nore water in the form of steam do not

33 negatively affect the subsequent treatnents. O her conventional
nmethods in order to increase the tenperature of the black
liquor may however also be used
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The tenperature is increased to above the tenperature used
during digestion of the cellulosic material, i.e. above the
digesting tenperature. It is preferred that the tenperature is
bet ween 150-200°C, preferably between 170-190°C. During the
heat treatnment the nolecular weight of the lignin is reduced
This results in that the viscosity of the black Iiquor as well
as on the lignin of the black liquor is reduced

The lignin may be precipitated by several subsequent
acidifications and washing steps. For exanple, it is possible
to first acidifying the black |iquor followed by dewatering.

The obtained lignin filter cake is thereafter suspended and the
pH is reduced once again followed by a second dewatering. The
lignin is thereafter washed by displacenent washing and the
produced lignin is finally dewatered. In this way a lignin with
high dry content is formed. One exanple of such process for
precipitation of lignin is described in nore detail in
WO2006031175 A.

O her nmethods for precipitating lignin may also be used.
For exanple, nenbrane filters which will separate the lignin
from the black liquor. However, other conventional nethods for
separate or precipitate lignin fromblack |iquor may also be
used.

If the process simlar to or the one described in
WC2006031175 A is used in order to precipitate the lignin, it
is possible to first reduce the pH of the black |iquor followed
by heat treating the black liquor and thereafter continue the
process as described in HO200631175 A, i.e. continue wth
different washing steps and additional steps for decreasing the
pH in order to fully precipitate the I|ignin.
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The produced lignin may be used in biorefinery-related
applications, as energy recovery or as a conmpound in chem cal
processes or products. It can be used as an additive in
di fferent conmponents, such as plastics.

Fig 1 describes a schematic view of the process according
to one enbodi nent of the invention. Black liquor {1) from the
digester (not shown) in which cellulosic material is digested
and black liquor is fornmed, is conducted to an evaporator {2).
The evaporated black liquor (3) is conduced to a recovery
boiler (4) in order to extract the energy from the black
liquor. At least one part of the black liquor (5 is renoved
from the evaporator (2) and conducted to a heat treatnment (s)
where the tenperature of the black liquor is increased above
the tenperature used in the digester. After the heat treatnent
(6) the black liquor is conducted to a precipitation process
(7) in which precipitated lignin is formed. The precipitated
lignin (8 is thereafter used in desired ways.

The dry solid content of the black Iliquor (1) conducted
fromthe digester is approximately 10% ts. During evaporation
water is renoved and the dry content is increased. The dry
content of the black liquor (3) after the evaporation is
increased to approximately 80% ts. It is preferred to renove at
| east one part of the black liquor (5; from the evaporator (2
before the dry content is increased too nmuch. The dry content
of the black liquor (55 to be treated at increased tenperature
is preferable between 30-50% ts. The black liquor is thus
renoved from the evaporator (2} when the dry content is at
desired level. It is preferred that the black liquor {3} has a
high solid content when it is conducted to the recovery boiler
(4), since it is nore energy efficient to burn black Iiquor
with high solid content in the recovery boiler {4), i.e. it
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comprises |ess amount. of water.. However, it. is not. practical  to
handl e andi treat. black liquor with too high dry content wth
heat, followed by precipitating the lignin fromit..
Consequently, . the dry content. of the black Iiquor- treated
according to the invention is preferably [|ower.

The precipitated lignin according to the invention is
preferably used in bioref inery-related applications, energy
recovery or as a conmpound in a chemical process or product. Due
to the inproved properties of the precipitated Ilignin, such as
the reduced amount. of henicelluloses the purity of the lignin
is inmproved and that is an advantage in many products.
Furthernore, the handling and subsequent processing of the

precipitated lignin is inproved and facilitated and that nmakes
it useful in many chemnical processes.

Exanpl e

Bl ack liquor from softwood kraft cooking process was
treated at. a tenperature of 180°C for a period of 30 minutes .
The heat treated black liquor was thereafter precipitated by
decreasing the pH to about 10. The precipitated lignin was

thereafter filtrated and washed.

Table 1 below shows the results of neasurements of the
nmol ecul ar mass and the viscosity of a precipitated lignin
precipitated from heat treated black liquor according to the
i nvention.

The nolecular mass of the lignin was neasured with a Gel
Permeati on Chronmat ography (GPO) .

The viscosity was neasured on a slurry conprising the
precipitated lignin at 20m% in an organic solvent {in this
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case we used polyether polyol) and heated the slurry to 80°C
for an hour and the viscosity was thereafter neasured with a

spi ndl e Vi sconeter

5 Table 1: Comparison of lignin from untreated hlack liguor as a
reference and lignin from heat treated bilack .
: Unit Lignin from Lignin from
untreated heat treated
hlack ligquoxr black liguow
{ref)
Daliton 4810 4050
op 21746 1320

As can be seen from Table 1, both the nolecular mass of
the lignin and the viscosity of the slurry conprising lignin
10 being precipitated fromthe heat treated black liquor, is
reduced .

In view of the above detailed description of the present
invention, other nodifications and variations wll becone
5 apparent to those skilled in the art. However, it should be
apparent that such other nodifications and variations may be
effected without departing fromthe spirit and scope of the
i nventi on.

20
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Cl ai ns

I3

1. Process for the production of precipitated lignin from

£

bl ack liquor wherein the process conprises the steps of:
-providing a black l|iquor stream

-treating the stream of black liquor at an increased
tenperature and

-precipitating the lignin fromthe heat treated bl ack
['iquor.

. Process according to claim 1 wherein the lignin is

preci pitated by decreasing the pH of the black Iiquor.

. Process according to any of the preceding clains wherein

the tenperature of the black liquor is increased to 150-
200 °c, preferably 170-190 °cC

. Process according to any of the preceding clains wherein

the black liquor is treated at increased tenperature for
1-60 m nutes, preferably 1-5 m nutes.

. Process according to any of the preceding clains wherein

pH of the black liquor is at least partly reduced before
the heat treatnent.

. Process according to any of the preceding clains wherein

the black l|iquor before the heat treatnent has a solid
content of between 30-50% ts.

. Precipitated lignin produced according to the process

described in any of the clains 1-6

. The precipitated lignin according to claim 7 wherein the

average nol ecular weight of the lignin is reduced.
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%. The precipitated lignin:according to any of the clainms 7
or 8 wherein the degree of inpurity with respect to
residual hem cellulose is reduced.

The precipitated lignin according to any of the
clainms 7-9 wherein the filterability of the precipitated
lignin is inproved.

1 3. A solution conprising a solvent and precipitated
[ignin according to any of the .clainms 7-10 wherein the
solution has .decreased viscosity and |ower degree of
inmpurity with respect to hem cell ul ose.

15 i®. The use of precipitated lignin according to any of
the clains 7-10 in biorefinery-related applications or
energy recovery.

13, The use of precipitated lignin according to any of

26 the claims 7-10 as a Conpound in a chem cal process or
product .



WO 2012/005677 PCT/SE2011/050920

7
19}
<
&
A
FiS
¥y =i
o
~ T
™~ > w0
Ly
A




INTERNATIONAL SEARCH REPORT International applicatiion No.
PCT/SE201 1/050920

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: CO8H, D21 C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, Fl, NO classes as above

Electronic database consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data, COMPENDEX, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2828297 A1 (JOHANN GIESEN), 25 March 1958 (1958- 1-13
03-25); column 2, line 27 - column 2, line 54; claim 1

X US 6239198 A1 (ABAECHERLI ALFRED ET AL), 29 May 1-13
2001 (2001 -05-29); claim 1

X US 581 1527 A1 (ISHITOKU HIDEAKI ET AL), 22 September 1-13
1998 (1998-09-22); example 3 in column 4

A CA 1172808 A1 (BEAUPRE MARC F ET AL), 21 August 1984 | 1-13
(1984-08-21); claim 1

|Z Further documents are listed in the continuation of Box C. |Z See patent family annex.
* Special categories of cited documents: “T"  later document published after the international filing date or priority
"A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after theinternational X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doulbts on priority claim(s) or which is step when the document is taken alone
C|ted_a|to establish the p?'t()alécatlon date of another citation or other v = gocument of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0*  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later than < g«

the priority date claimed document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
12-10-201 1 27-10-2011

Name and mailing address of the ISA/SE Authorized officer

Eiier;t(-)sgch registreringsverket JOhan Kje”gren

S-102 42 STOCKHOLM

Facsimile No. +46 8 666 02 86 Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International applicaiion No.
PCT/SE201 1/050920

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 1297028 A (INGVAR S(")RAAS), 11 March 1919 (1919-03- | 1-13
11);claim 1
A US 2994633 A (CLARK CHARLES K), 1 August 1961 (1961 - 1-13
08-01); example 1in column 4
A US 4946946 A (FIELDS PETER R ET AL), 7 August 1990 1-13

(1990-08-07); claim 1;example 1in column 3

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE201 1/050920

Continuation of: second sheet
International Patent Classification (IPC)

D21C 17/00 (2006.01)
CO8H 8/00 (201 0.01)

Download your patent documents at www.prv.se

The cited patent documents can be downloaded:

* From "Cited documents" found under our online services at www.prv.se
(English version)

* From "Anforda dokument" found under "e-tjanster" at www.prv.se
(Swedish version)

Use the application number as username. The password is KERPPKOZXL.

Paper copies can be ordered at a cost of 50 SEK per copy from PRV InterPat (telephone
number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (July 2009)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International applicaion No.
PCT/SE201 1/050920

us 2828297 A1l 25/03/1958 FR 1112129 A 08/03/1 956
o GB 761946 A 21/11/1956

us 6239198 A1l 29/05/2001 AT 234958 T 15/04/2003

AU 725514 B2 12/1 0/2000

AU 651 2998 A 20/1 0/1 998

BR 9808918 A 01/08/2000

CA 2283698 C 01/1 1/2005

CN 1251 147 A 19/04/2000

CN 1109157 C 21/05/2003

DE 59807559 D1 24/04/2003

EP 0970275 A1 12/01/2000

HK 1025139 A1 03/1 0/2003

JP 20015031 13 A 06/03/2001

NO 323180 B1 15/01/2007

NO 994442 A 16/1 1/1 999

TR 9902246 T2 21/1 2/1 999
o wo 9842012 A1 01/10/1998

us 581 1527 A1l 22/09/1998 JP 3024526 B2 21/03/2000

JP 9104819 A 22/04/1 997

NO 311037 B1 01/1 0/2001
.. NO_ 964306 A 14/04/1997

CA 1172808 A1 21/08/1 984 FI 822591 A 24/01/1 983

Fl 75614 C 11/07/1 988

JP 58036292 A 03/03/1 983
o SE_ 8204364 L 16/07/1982
us 1297028 A 11/031919 NONE
us 2994633 A 01/08/L9%1 NONE

us 4946946 A 07/08/1990 EP 0364632 A1l 25/04/1 990

Form PCT/ISA/210 (patent family annex) (July 2009)



	abstract
	description
	claims
	drawings
	wo-search-report

