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ABSTRACT

The present invention provides a method for precipitating (separation) of lignin, using
small amounts of acidifying agents, whereby a lignin product or an intermediate lignin
product Is obtained which can be used as fuel or chemical feed stock (or as a chemical
or a raw material for further refining), from a lignin containing liquid/siurry, such as black
liquor. The present invention also provides a method for separation of lignin from a lignin
containing hquid/slurry, such as black liquor, whereby a more pure lignin is obtained. The
present invention also provides a lignin product or an intermediate lignin product
obtainable by the above methods. The preéent invention also provides use, preferably
for the production of heat or for use as chemical, of said lignin product or intermediate

lignin product.
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This invention concerns the technical field of lignin separation. In particular the
present invention relates to a method for hgnin separation from a hgnin containing
liquid/slurry, such as pracess liquors in a mill containing lignin, preferably black liquor

Further the invention relates to ignin products obtainable by the above mentioned

h

method and use of said products

Background
In a modern, energy-optimized pulp mill, there 15 a surplus of energy With

10 today's process, bark can be exported while the remaining energy surplus, in the form of
mixtures comprising other burnable residues, 1s burned in the recovery botler, with a
relatively low efficiency with regard to electricity production There is also often a problem
that the heat transfer capacity in the recovery boller is a narrow sector, which hmits the
production of pulp m the mill The recovery boiler 1s the most expensive (instrument) unit in

15 the pulp mull

Separation of hgnun from black hquor 1s an interesting solution to these
problems. In this way, the energy surplus can be withdrawn from the process in the form of a
solid biofuel and can be exported to e.g. a power station, where the fuel can be used more
efficiently than in the recovery boiler of the pulp mill. This ignin 1s also a valuable material for

20 production of “green chemicals” Further, ignin extraction leaves a black liquor for
combustion with a lower thermal value, which in turn leads to a lower load on the recovery
boiler. This gives in a short term perspective possibilities for increased pulp production. in the
long perspective lower instrument cost for the recovery boiler is expected

There are several possible procedures for such a separation, and industnal

25  applications have been known for a long time. Already in 1944, Tomhnson and Tomlinson Jr
were granted a patent (US Patent 664811) for improvements to such a method. The
separation method used today 1s to acidify the black hquor so that the ligrin is precipitated in
the form of a salt. The solid phase 1s separated from the liquor and can thereafter be cleaned
or modified. There are industnal applications in operation today where lignin 1s sepatated

30 from black liquor for use as special chemicals. One example of such a process is the
precipitation of lignin from black liquor by acidification with carbon dioxide The suspension is
taken to a storage vessel for conditioning of the precipitate after which the solid higninis
separated and washed (with acidic wash water) on a band filter, and 1s finally proces sed to
the desired state.

35 However, the present methods make use of high amounts of acidifying
chemicals for separating lignin, which in turn may be used forfuel Such procedures are

thus very expensive and it would accordingly be of great benefit if it would be possible to
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reduce the amount of acidifying chemicals necessary for separating lignin Accordingly, there

1s a need for a method where lignin can be separated using small amounts of acidifying

chemicals, e g. sulphuric acid or carbon dioxide

Summary of the invention

The present invention solves one or more of the above problems by providing
according to a first aspect a method for' precipitating (separation) of hgnin, using small
amounts of acidifying agents, whereby hgnin 1s obtained which can be used as fuel (or as a
chemical feed stock; or as a chemical or a raw matenal for further refining), from a fHignin
containing liquid/slurry, such as black liquor, compnising the following steps: )

a) 'addmon of one or more compounds comprising sulphate or sulphate
ons, or a mixture comprising said compound, to said liquid/slurry,
b) adjustment of the pH level of said liquid/siurry by acidifying, and
¢) dewatering of said quund/slufry whereby a hgnin product or an
intermediate lignin product is obtained.
In this above way lignin i1s separated more efficiently from e g. black liquor and the filterability
increases in the liguid where the precipitated hgnin earlier was present
The present invention also provides according to a second aspect a method for

separation of lignin from a lignin containing hquid/slurry, such as black liquor, compnsing the

following steps:
i) precipitating of lgrun by the adding of one or more compounds

comprising sulphate or suiphate i1ons, or a mixture comprising sad
compound, to said liquid/slurry, and by acidifying said hquid/slurry, and
thereupon dewatering,
it} suspending the lignin filter cake whereupon a second suspension 1Is
obtained and adjusting the pH level to approximately the pH level of the
washing water, 7

iit) dewatering of the second suspension,
v) addition of washing water and performing a displacement washing at

more or less constant conditions without any dramatic gradients in the pH,
and
v) dewatenng of the filter cake produced in step iv) into a high dryness and
displacement of the remaming washing hquid in said filter cake, whereby a
lignin product or an intermediate lignin product is obtained.

By using said method of the second aspect a more pure hignin 1s obtained The

present invention also provides according to a third aspect a higrun product or an intermediate
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hignin product cbtainable by the method according to the first aspect, The present invention
also provides according to a fourth aspect a ignin product or an intermediate lignin product
obtainable by the method according to the second aspect The present invention also

provides according to a fifth aspect use, preferably for the production of heat or as chemical

feed stock, of the hignin product or the intermediate hgnin product of the third or fourth

aspects,
The present invention is based upon that it has been found that sulphate ions
precipitate/coagulate lignin unexpectedly efficiently compared with e.g. chlonde The

previously available knowledge according to the so-called Hofmeister sernes - lyotropic series

- (F Hofmeister 1888) says that chionde precipitates proteins from albumen better than

sulphate

The anion series according to Hofmeister:

SCN > NO" ™ > CI” > citrate > CH3C00™ > PO4~ > SO4°

From above it is evident according to Hofmeister that chloride precipitates proteins from

albumen betier than sulphate

The cation series according to Hofmeister:

Ca” >Mg" >Na =K >NH,">N(CHa)"

Detailed description of the invention
It is intended throughout the present descrption that the expression ‘“lignin

containing hquid/slurry” is any hiquid or slurry, which contains hignin. This hquid or slurry may
be a process liguor, containing hgnin, in a mill, preferably said hquid or slurry 1s a black liquor

It 15 intended throughout the present description that the expression “compound
comprising sulphate or a sulphate ion” embraces any compound comprising sulphate or a
sulphate 1on This compound may be Na-, K-, (Al-), Ca-, Mg-, Fe- or organic sulfate, CaSQ,,
K>S0, AlLSO., ron sulfates or MgSO, Said compound may also be comprised 1n recovery
boiler ashes, which 1s a mixture, or it may be essentially pure Na, S04,

It 1s intended throughout the present description that the expression “acidifying”
embraces any means for acidifying the lignin containing hquid/slurry, such as black iiquor
Preferably the acidifying is performed by adding SO.{(g) , organic acids, HCI, HNOs, carbon
droxide ar sulphunc acid (in the form of fresh sulfuric acid or a so called “spent acid” from a
chiorine dioxide generator) or mixtures thereof to said liquid/slurry (preferably black liquor)

most preferred by adding carbon dioxide or sulphuric acid.
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It 1s intended throughout the present description that the expression “dewatering”
embraces any means for dewatering Preferably the dewatenn: ‘5 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, most preferred a filter press apparatus 1s used.

According to a preferred embodiment of the first aspect of the nvention the dewatering
of step ¢) is performed i a filter press apparatus.

According to a preferred emboediment of the first aspect of the invention the addition
of step a) 1s done by adding recovery boiler ashes, 1e. ashes emanating from a soda
recovery unit, which is a stear;ﬁ generator combined with a smelting furnace for the utilization
of the heat of combustion of the black fiquor and the recovery of the greater part of its

inorganic componients, or Na,504, CaSO4 Kp50; AlLSO,; on sulfates or MgSO,

Preferably Na,S04 is used

According to a preferred embodiment of the first aspect of the invention mixing s
performed after the adjustment of the pH level in step b).

According to a preferred embodiment of the first aspect of the invention the pH level
Is adjusted to below approximately pH 9.5 in step b), preferably below approximately pH 6,

most preferred the pH level is a pH from 1 to 4.
According to a preferred embodiment of the first aspect of the invention the pH level

is adjusted whereby using COx.

According to a preferred embodiment of the first aspect of the invention the
temperature s varied from 20 to 100° C depending on the nature of the liqud/slurry
containing tignin, such as black liquor.

According to a preferred embodiment of the first aspect of the invention the filtrate
from step ¢ is re-circulated directly to a recovery system, preferably after re-alkalization.

According to a preferred embodiment of the second aspect of the invention the addition

of step 1) 1s done by adding recovery boiler ashes or Na,SO4 ,CaS0., K;SOy,

Al SO, iron sulfates and/or MgSO;,. Preferably Na,S04 1s used.

According to a preferred embodiment of the second aspect of the mvention mixing is
performed after the acidifying in step i)

According to a preferred embodiment of the second aspect of the invention the pH

level 1s adjusted in step i) through acidifying whereby using CO;.

According to a preferred embodiment of the second aspect of the invention the
temperature in step i) is vaned from 20 to 100° C depending on the nature (5f the hquid/slurry
containing lignin, such as black liquor.

According to a preferred embodiment of the second aspect of the invention the

dewatering of step 1) and/or step in) 1s performed in a fiiter press apparatus where the filter
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cake may be blown through by gas or a mixture of gases, preferably flue gases, ar or vapor,
most preferred air or overheated vapor, in order to dispose of the remaining hignin containing
hquid/slurry such as black hquor (which is preferred).

According to a preferred embodiment of the second aspect of the invention the pH
level 1s adjusted to below approximately pH 9 5 in step i), preferably below approximately pH
6., most preferred the pHlevel is a pH from 1 to 3.5.

According to a preferred embodiment of the second aspect of the invention the
washing water has a pH level of below approximately pH 9 5, preferably below approximately

pH 6, most preferred the pH levelis a pH from 110 3 5.
According to a preferred embodiment of the second aspect of the invention the filter

" cake obtained in step i) is blown through by using gas or a mixture of gases, including e.g.

flue gases, air and vapor (which preferably can be air or overheated vapor) before
suspending said cake as set out in step ).

According to a preferred embodiment of the second aspect of the invention the pH
level adjustment 1s combined with an adjustment of the ion strength, preferably by using
mulitivalent alkaline earth metal ions, most preferred calcium 1ons In this preferred
embodiment the lignin is stabilized during the washing, as set out above earlier in the
preferred embodiment of the second aspect of the present invention, whereby a pH-decrease
is combined with an adjustment of the ionic strength in the slurry stage, preferably with
multivalent alkaline earth metal ions {e.g. calcium ions). At a given pH, a higher 1onic strength
in the suspension stage reduces the lignin yield losses Here also the ionic strength and pH
of the wash water essentially corresponds to the conditions in the slurry stage to avoid
gradients during the washing process. A higher ionic strength in the slurry and in the wash
water gives a stable ignin even at high pH-values. Besides making the washing easier,
divalent calcium ions can be introduced into the hgnin, which in the combustion of the lignin
can bind sulfurn the form of calcium sulphate (Aarsrud et al 1980, WO 8006964)

According to a preferred embodiment of the second aspect of the invention the pH
level adjustment combined with an adjustment of the 10n strength corresponds to the pH level
and i1on strength of the washing hgquid.

According to a preferred embodiment of the second aspect of the invention the

filtrate from the first dewatering stage step 1) 1s re-circulated directly to a recovery system,

preferably after re-alkalization.
According to a preferred embodiment of the second aspect of the invention the

remaining washing hguor in the filter cake n step v) is removed with arr or flue gases,

preferably flue gases from a recovery boiler, a ime kiln or a bark boiler
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According to a preferred embodiment of the second aspect of the invention the
washing liquor and a part of the filtrate from the second dewatering in step w) is returned to
the re-slurrying stage step n) to further reduce the consumption of acid and water

Accordingly, one or more compounds comprising sulphate or a sulphate 1on, or a
mixture comprising said compound such as recovery botiler ashes, is added dunng step a) (or
step 1)) in the method according to the first aspect (or the method according to the second
aspect) to increase the ionic strength in the lignin éontaming hquid/slurry, such as black
liquor, and thus be able to precipitate with a lower acid consumption cr alternatively achieve
a greater hgnin precipitation with the same amount of added acid. This 1s particularly
interesting since the sulfate 1on would, as indicated in the appended Figure 1, itself have an
effect on the precipitation in addition to the fact that it increases the 1onic strength  From a
systems engineering perspective, it 1s to be expected that the sulfidity of the mill (the Na/S-
balance) is influenced in a way which would require attention. Burkeite precipitation in the
black hiquor evaporation would also be affected and the requirements for the handling of this
matenal would increase. On the other hand, the results show that it would be possible to
reduce both the investment costs (the filtration surface) and the operating costs (reduced
CO,-costs) for removing hignin from e g black hquor significantly.

Preferred features of each aspect of the invention are as for each of the other aspects
mutatis mutandis The prior art documents mentioned herein are incorporated to the fullest
extent permitted by law. The invention is further descnbed in the following examples in
comjunctior with the appended figure, which do not limit the scope of the invention in any
way. Embodiments of the present invention are described in more detail with the aid of
examples of embodiments and figure, the only purpose of which is to illustrate the invention

and are in no way intended to hmit its extent,

Short description of the figure
Fig 1 shows results that suggest that sulfate 1s better at precipitating/

coagulating lignin than expected according to the literature. Here, chlonde and sulfate are

compared.

Examples
Tests in jaboratory, whereby studies of a separation of hgnin have been

performed, have shown positive results, in the form of both a yield increase and a better
filterability. In the test, black hquor from Varo Mill was used (30% DS, Dry Substance). To

two liters of this hquor, 100g Na,SO4 was added — which should be a reasonable quantity if it

1s assumed that 30% of the black hquor flow is treated in the lignin precipitation stage and

that all the recovery boiler ashes are added to this flow. The black hquor was aadified with
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CO, to a pH of ca 9.6 at 80°C. After the acidification, the slurry was allowed to stand with
continuous stirring for 30 minutes, after which it was filtered A reference test without the
addition of Na, S04 was carried out in the same way.

For these two tests (with and without Na,SOg4-addition), the yield in the
precipitation stage was determined (according to previously known methods). With Na,S0g-
addition, the yield increased by 6.3 percentage ponts (from 60.5 to 66 8 % at the same
precipitation-pH of ca. 9 6). The filterability, expressed as the specific filter resistance, was
also improved dramatically from 1.6 10'° for the reference test to 6.9 10° with the addition of

Na,S0,.

Various embodiments of the present invention have been described above but a
person skilled in the art realizes further minor alterations, which would fall into the scope of
the present invention. The breadth and scope of the present invention should not be limited
by any of the above-described exemplary embodiments, but should be defined only n
accordance with the following claims and their equivalents. For example, any of the above-

noted methods can be combined with other known methods e.g. for separating lignin from a

hgnin contamning liquid/slurry, such as black hquor. Other aspects, advantages and

modifications within the scope of the invention will be apparent to those skilled in the art to

which the invention pertains
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1 Method for separation of lignin from a hgnin containing liquid/slurry, comprising the

CLAIMS

following steps.

1) precipitating of lignin by the adding of one or more compounds comprising sulphate
or sulphate ions, or a mixture comprising said compound, to said lquid/slurry, and
by acidifying said liquid/slurry, and thereupon dewatering,

ii) suspending the lignin filter cake whereupon a second suspension Is obtained and
adjusting the pH level to approximately the pH level of the washing water,

i) dewatering of the second suspension,

iv) addition of washing water and performing a displacement washing at more or less
constant conditions without any dramatic gradients in the pH, and

v) dewatering of the filter cake produced in step iv) into a high dryness and
displacement of the remaining washing liquid in said filter cake, whereby a lignin

product or an intermediate lignin product is obtained.

2. A method according to claim 1 wherein the lignin containing liquid/slurry is black liquor.

3. A method according to claim 1 or clam 2 wherein the addition of step 1) is done by

adding recovery boiler ashes or Na,SO,, CaSO,, K80, Al;SO,, Iron sulfates and/or MgSOQ,.

4. A method according to claim 3 wherein the addition of step i) is done by adding NazSO,.

5. A method according to claim 1 or claim 2 wherein mixing 1s performed after the acidifying

In step 1)

6. A method according to claim 1 or claim 2 wherein the pH level is adjusted in step i)

through acidifying whereby using CO,.

7. A method according to claim 1 or claim 2 wherein the temperature in step 1) is varied

from 20 to 100° C depending on the nature of the lignin containing liquid/slurry

8 A method according to claim 1 or claim 2 wherein the dewatering of step i) and/or step i)
1s performed In a filter press apparatus where the filter cake 1s blown through by gas or a

mixture of gases, In order to dispose of the remaining lignin containing liquid/slurry.

9. A method according to claim 9 wherein the filter cake 1s blown through by flue gases, air

or vapor.
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10 A method according to claim 8 wherein the filter cake 1s blown through by air or

overheated vapour

11 A method according to claim 1 or claim 2 wherein the pH level is adjusted to below

approximately pH 9.5 in step i).

12 A method according to clam 11 wherein the pH level is adjusted to below approximately

pH 6 in step i).
13. A method according to claim 12 wherein the pH level is a pH from 1 to 3.5.

14. A method according to claim 1 or claim 2 wherein the washing water has a pH level of

below approximately pH 9.5

15 A method according to claim 14 wherein the washing water has a pH level of below

approximately pH 6.
16. A method according to claim 15 wherein the pH level is a pH from 1 to 3.5.

17. A method according to claim 1 or clam 2 wherein the filter cake obtained 1s step 1) 1s
blown through by using gas or a mixture of gases, before suspending said cake as set out in

step ii).

18. A method according to claim 17 wherein the filter cake obtained is step 1) is blown

~

through by using flue gases, air or vapor.

19. A method according to claim 17 wherein the filter cake obtained in step i) is blown

through by using air or overheated vapor

20 A method according to claim 1 or clam 2 wherein the pH level adjustment is combined

with an adjustment of the 1on strength.

21 A method according to claim 20 wherein the adjustment of the ion strength is performed

by using multivalent alkaline earth metal 1ons.

22 A method according to claim 21 wherein the multivalent alkaline earth metal ions are

calcium ions.
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23. A method according to any one of claims 20 — 22 wherein the pH level adjustment
combined with an adjustment of the ion strength corresponds to the pH level and ion strength

of the washing liquid.

24. A method according to claim 1 or claim 2 wherein the filtrate from the first dewatering

stage step i) is re-circulated directly to a recovery system.

25. A method according to claim 24 wherein the filtrate from the first dewatering stage step 1)

is re-circulated directly to a recovery system after re-alkalization.

26. A method according to claim 1 or claim 2 wherein the remaining washing liquor In the

filter cake in step v) is removed with air or flue gases.

27. A method according to claim 26 wherein the remaining washing liquor in the filter cake in

step v) is removed with flue gases from a recovery boiler, a lime kiln or a bark boiler.

28. A method according to claim 1 or claim 2 wherein the washing liquor and a part of the
filtrate from the second dewatering in step iii) is returned to the re-slurrying stage step i) to

further reduce the consumption of acid and water.

DATED THIS 14TH DAY OF MARCH 2008
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