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Process for production of precipitated lignin from black liquor

and precipitated lignin produced by the process.

Field of invention

The invention relates to a process for the production of

precipitated lignin from black liquor. The invention further

relates to precipitated lignin produced according to the

process and a solution comprising precipitated lignin as well

as different end uses of the precipitated lignin.

Background

Black liquor is the spent cooking liquor from the kraft

process when digesting wood into pulp removing lignin,

hemicelluloses and other extractives from the wood in order to

free the cellulose fibers.

The black liquor contains more 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

chemicals. US 4,929,307 describes a process for treating black

liquor with heat in order to improve the evaporability of black

liquor.

Lignin which is present in the black liquor is a complex

chemical compound derived from wood, and an integral part of

the secondary cell walls of plants. Lignin plays a crucial part

in conducting water in plant stems.

Lignin is a by-product of pulping processes of cellulosic

raw material. There are various pulping processes such as

kraft, organosolv or soda pulping. There are also various



natural cellulosic raw materials which are used in such pulping

processes. The cellulosic raw material and pulping processes

are typically selected and optimized for the cellulose 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 pulping

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. hardwood or softwood,

as well on the pulping process.

There are different end uses for precipitated lignin which

has been removed from black liquor. It may be burned as a fuel

or be used as a component or additive in chemical processes and

products.

Today, there exist several different processes for the

separation and precipitation of lignin from black liquor. One

example is described in WO2006031175 A . This process for

precipitation of lignin does not give the possibility to

control or modify the viscosity of the precipitated lignin.

However, control of viscosity, and a decrease of viscosity in

particular, may be important in subsequent process steps for

further processing of precipitated lignin.

There is thus a need for an improved process for the

production of lignin with improved properties, such as reduced

viscosity.



Summary of invention

It is an object of the present invention to provide an

improved process for the production of precipitated lignin.

It is another object of the present invention to produce

precipitated lignin with improved properties, such as decreased

average molecular weight and reduced viscosity and a lower

degree of impurity due to residual hemicellulose.

It is another object of this invention to produce

precipitated lignin with a higher degree of quality cons

with respect to the improved properties.

It is another object of this invention to produce a slurry

or solution comprising a solvent, such as an organic solvent,

and precipitated lignin with improved properties and higher

quality consistency with respect to the improved properties.

It is yet another object of this invention to improve the

separation of precipitated lignin from the liquid 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 from black liquor wherein the

process comprises the steps of; providing a black liquor

stream, treating the stream of black liquor at an increased

temperature and precipitating the lignin from the heat treated

black liquor. By increasing the temperature of the black liquor

before the lignin is precipitated, it has been shown that the

average molecular weight of the precipitated lignin and the

degree of impurities due to residual hemicelluloses is reduced.



In this way it is possible to produce lignin with reduced

viscosity as well as a solution comprising the precipitated

lignin with reduced viscosity. Moreover, this process is a very

efficient and economic favorable process for the production of

precipitated lignin with improved properties.

The lignin may be precipitated by decreasing the pH of the

black liquor. The pH may be decreased in one or more subsequent

steps.

It is preferred that the temperature of the black liquor

during heat treatment is increased to 150-200 °C, preferably

between 170-190°C.

The black liquor may be treated at increased temperature

for 1-60 minutes, preferably for 1-5 minutes.

The pH of the black liquor may be at least partly reduced

before the temperature of the black liquor is increased. In

this way partly precipitated lignin may be present in the black

liquor during the heat treatment.

The black liquor may be evaporated before the temperature

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

treatment. Since the amount of water is reduced during

evaporation, less energy is needed in order to increase the

temperature of the black liquor to the desired level. The black

liquor may have a solid content of between 30-50% ts before

heat treatment or during heat treatment.

The invention further relates to precipitated lignin

produced according to the process mentioned above. It has been



shown that the precipitated iignin produced according to this

process will have a decreased average molecular weight compared

to precipitated lignin produced according to processed

described in prior art.

The precipitated lignin produced may have improved

filterability due to the decrease in average molecular weight

of the produced precipitated lignin and lower amount of

residual hemicellulose. The precipitated lignin produced may

thus also have a lower degree of impurity with respect to

residual hemicellulose.

The invention further relates to a solution comprising a

solvent and precipitated lignin wherein the solution has

decreased viscosity and lower degree of impurity with respect

to hemicellulose. It has been shown that a solution comprising

precipitated lignin produced according to the process described

above, will have lower viscosity compared to a solution

comprising precipitated lignin produced according to prior art.

The invention further relates to the use of the

precipitated lignin in bioref inery-related applications, energy

recovery or as a compound in a chemical process or product. The

produced precipitated lignin is preferably used in for the

above mentioned causes. Due to the improved properties of the

precipitated lignin, the handling and subsequent processing of

the precipitated lignin is improved and facilitated.



Short description of the drawing

Fig 1 shows a schematic view of one embodiment according

to the invention.

Detailed description of the invention

By combining heat treatment of black liquor followed by

precipitation of lignin of the heat treated black liquor it is

possible to precipitate lignin from black liquor in a very

efficient way. The process according to the invention is both

easier and more cost efficient compared to other processes for

the production of precipitated lignin, especially for the

production of lignin with low viscosity and a low average

molecular weight.

Furthermore, it has been shown that the heat treatment of

the black liquor in order to reduce the viscosity also will

improve the precipitation of the lignin from the black liquor.

The precipitation process of the lignin will be much more

efficient due to the improved properties of the black liquor

per se and the lignin in the heat treated black liquor.

The precipitated lignin will have improved properties,

e.g. the filterability of the precipitated lignin is improved

due to a decreased amount of residual hemicellulose. Residual

hemicelluloses may form hydrogels that increases filter

resistance during separation of precipitated lignin from the

aqueous phase. The amount of residual hemicellulose in the

black liquor is reduced during heat treatment and the

subsequent process steps, such as filterability, is thus

improved .

Furthermore, the viscosity of a slurry or solution

comprising a solvent, such as an organic solvent, and



precipitated lignin, will be reduced. This makes the slurry or

solution comprising lignin easier to handle. Pumping of the

slurry or solution comprising the precipitated lignin is

improved and it is also possible to improve mixing of the

lignin with other components. The viscosity of the slurry or

solution comprising lignin depends on the heat treatment, for

example the time and temperature of the treatment as well as of

the pulping process which produces the black liquor.

The characteristics of the precipitated lignin, such as

viscosity, can normally not easily be reduced or modified in

processes according to prior art. The process according to the

present invention, aims at offering a possibility to reduce

viscosity, molecular weight and increase quality consistency of

the precipitated lignin or of a solution comprising the

precipitated lignin. This is important in order to enable

further use of the precipitated lignin for example in energy

recovery or biorefinery-related applications, or even as a

compound in chemical processes and products. The decrease of

the viscosity of the precipitated lignin enables a higher

quality consistency of products and intermediate products in

subsequent processes.

The viscosity of the precipitated lignin can be measured

at the pure lignin at a temperature above the glass-transition

temperature. Alternatively, the viscosity of the precipitated

lignin can be measured on a solution comprising dissolved or

dispersed lignin in a liquid or solvent. Due to the differences

in the produced lignin, due to differences in the pulping

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 lower viscosity and lower



variation in viscosity than lignin produced according to prior

art.

The provided black liquor is produced during digestion of

cellulosic material. The formed black liquor is separated from

the digested cellulosic material and at least one part of the

separated black liquor is treated at an increased temperature

and lignin is precipitated and thereafter separated from the

heat treated black liquor.

It is preferred that at least one part of the black liquor

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%,

preferably 5-50%, of the total amount of black liquor from the

digester is treated according to the invention. In this way

some of the black liquor is burned in a recovery boiler for

utilization of the energy of the black liquor. How much of the

separated black liquor that is conduced to the recovery boiler

respectively to the heat treatment followed by precipitation

depends on the demand on respectively end product. Sometimes it

is desirable to produce a large amount of precipitated lignin

and thus a large amount of separated black liquor is heat

treated and thereafter precipitated.

The increase of temperature of the black liquor is

preferably performed by addition of steam. Steam is often easy

available in a pulp mill and since the black liquor comprises

water, addition of more water in the form of steam, do not

negatively affect the subsequent treatments. Other conventional

methods in order to increase the temperature of the black

liquor may however also be used.



The temperature is increased to above the temperature used

during digestion of the cellulosic material, i.e. above the

digesting temperature. It is preferred that the temperature is

between 150-200°C, preferably between 170-190°C. During the

heat treatment the molecular weight of the lignin is reduced.

This results in that the viscosity of the black liquor 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 example / it is possible

to first acidifying the black liquor 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 displacement washing and the

produced lignin is finally dewatered. In this way a lignin with

high dry content is formed. One example of such process for

precipitation of lignin is described in more detail in

WO2006031175 A .

Other methods for precipitating lignin may also be used.

For example, membrane filters which will separate the lignin

from the black liquor. However, other conventional methods for

separate or precipitate lignin from black liquor may also be

used.

If the process similar to or the one described in

WO2006031175 A is used in order to precipitate the lignin, it

is possible to first reduce the pH of the black liquor followed

by heat treating the black liquor and thereafter continue the

process as described in HO200631175 A , i.e. continue with

different washing steps and additional steps for decreasing the

pH in order to fully precipitate the lignin.



The produced lignin may be used in bioref inery-related

applications, as energy recovery or as a compound in chemical

processes or products. It can be used as an additive in

different components, such as plastics.

Fig 1 describes a schematic view of the process according

to one embodiment of the invention. Black liquor 1 ) from the

digester (not shown) in which cellulosic material is digested

and black liquor is formed, 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 removed

from the evaporator (2) and conducted to a heat treatment (6)

where the temperature of the black liquor is increased above

the temperature used in the digester. After the heat treatment

(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 liquor (1) conducted

from the digester is approximately 10% ts. During evaporation

water is removed 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 remove at

least one part of the black liquor (5 from the evaporator (2)

before the dry content is increased too much. The dry content

of the black liquor (5} to be treated at increased temperature

is preferable between 30-50% ts. The black liquor is thus

removed 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 more energy efficient to burn black liquor

with high solid content in the recovery boiler 4 ), i.e. it



comprises less amount of water. However, it is not practical to

handle and treat black liquor with too high dry content with

heat, followed by precipitating the lignin from it.

Consequently, the dry content of the black liquor treated

according to the invention is preferably lower.

The precipitated lignin according to the invention is

preferably used in bioref inery-related applications, energy

recovery or as a compound in a chemical process or product. Due

to the improved properties of the precipitated lignin, such as

the reduced amount of hemicelluloses the purity of the lignin

is improved and that is an advantage in many products.

Furthermore, the handling and subsequent processing of the

precipitated lignin is improved and facilitated and that makes

it useful in many chemical processes.

Example

Black liquor from softwood kraft cooking process was

treated at a temperature 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 measurements of the

molecular mass and the viscosity of a precipitated lignin

precipitated from heat treated black liquor according to the

invention.

The molecular mass of the lignin was measured with a Gel

Permeation Chromatography (GPC) .

The viscosity was measured on a slurry comprising the

precipitated lignin at 20wt% in an organic solvent in this



case we used polyether polyol) and heated the slurry to 80°C

for an hour and the viscosity was thereafter measured with a

spindle Viscometer.

As can be seen from Table 1 , both the molecular mass of

the lignin and the viscosity of the slurry comprising lignin

being precipitated from the heat treated black liquor, is

reduced .

In view of the above detailed description of the present

invention, other modifications and variations will become

apparent to those skilled in the art. However, it should be

apparent that such other modifications and variations may be

effected without departing from the spirit and scope of the

invention.



Claims

Process for the production of precipitated lignin from

black liquor wherein the process comprises the steps of:

-providing a black liquor stream,

-treating the stream of black liquor at an increased

temperature and

-precipitating the lignin from the heat treated black

liquor.

Process according to claim 1 wherein the lignin is

precipitated by decreasing the pH of the black liquor.

3 . Process according to any of the preceding claims wherein

the temperature of the black liquor is increased to 150-

200 °C, preferably 170-190 °C.

4. Process according to any of the preceding claims wherein

the black liquor is treated at increased temperature for

1-60 minutes, preferably 1-5 minutes.

5 . Process according to any of the preceding claims wherein

pH of the black liquor is at least partly reduced before

the heat treatment.

6 . Process according to any of the preceding claims wherein

the black liquor before the heat treatment has a solid

content of between 30-50% ts.

7 . Precipitated lignin produced according to the process

described in any of the claims 1-6.

8 . The precipitated lignin according to claim 7 wherein the

average molecular weight of the lignin is reduced.



The precipitated lignin according to any of the claims 7

or 8 wherein the degree of impurity with respect to

residual hemicellulose is reduced.

The precipitated lignin according to any of the

claims 7-9 wherein the filterability of the precipitated

lignin is improved.

A solution comprising a solvent and precipitated

lignin according to any of the claims 7-10 wherein the

solution has decreased viscosity and lower degree of

impurity with respect to hemicellulose.

The use of precipitated lignin according to any of

the claims 7-10 in bioref inery-related applications or

energy recovery.

The use of precipitated lignin according to any of

the claims 7-10 as a Compound in a chemical process or

product .
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