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The present invention relates to a method for separation of lignin from original black liquor comprising the following steps In
sequence: a) Precipitation of lignin by a first acidification stage of the original black liquor, b) followed by dewatering while forming a
first filter cake with high content of lignin, ¢) suspending the first lignin filter cake obtained in step b In a second acidification stage,
d) whereupon a second lignin suspension Is obtained, e) dewatering of the second lignin suspension forming a second filter cake
with high content of lignin, f) washing the second filter cake water and finally, g) dewatering of the washed second lignin cake
obtaining a lignin product. According to the invention Is the waste gases emitted from the second acidification stage re-circulated
and mixed with the original black liquor at the latest in the first acidification stage. By this recirculation Is a waste gas disposal
problem solved while also reducing the amount of fresh acidifier charged in the first acidification stage.

,
L
X
e
e T A
e IR\ VNENEN
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




w0 2010/143997 A1 |[HIL A1 HED ROV OO OO R

CA 02763447 2011-11-24

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

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

16 December 2010 (16.12.2010) WO 2010/143997 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
D21C 11/04 (2006.01) D21C 11/08 (2006.01) kind of national protection available). AE, AG, AL, AM,
D21C 11/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

, . CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(21) International Application Number: DZ. EC. EE. EG. ES. FL GB. GD. GE. GH. GM. GT.

PCLBEAKIIARREZS] HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
10 June 2009 (10.06.2009) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

. NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

(26) Publication Language: English 1Z, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): METSO (84) Designated States (unless otherwise indicated, for every
POWER AB [SE/SE]; Box 8734, S-402 75 Goteborg kind ofregional protection available): ARIPO (BW, GH,
(SE). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Inventors; and TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(75) Inventors/Applicants (for US only): LITTORIN, An- ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
ders [SE/SE]; Karra Kapellvigen 11, S-425 30 Hisings MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
Kéarra (SE). WALLMO, Henrik [SE/SE]; Kyrkviagen 38, OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
S-441 60 Alingsas (SE). NORBERG, Hanna [SE/SE]; MR, NE, SN, TD, TQG).

Doktor Sydows Gata 1 C, S-413 24 Goteborg (SE). P liahod:
WIMBY, Martin [SE/SE]; Flygtornsvigen 20, S-423 36 + Ubisacd.

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

(74) Agent: FURHEM, Hans; c/o Metso Fiber Karlstad AB,
Box 1033, S-651 15 Karlstad (SE).

(534) Title: METHOD FOR PRECIPITATING LIGNIN FROM BLACK LIQUOR BY UTILIZING WASTE GASES

~~3! PR > FP; —> RT |—mp| FP, ——{ WP |—>LP

A A

AC, FL, G, AC, FL, WL G,

Fig. 2

(57) Abstract: The present invention relates to a method for separation of lignin from original black liquor comprising the follow-
Ing steps m sequence: a) Precipitation of lignin by a first acidification stage of the original black liquor, b) followed by dewatering
while forming a first filter cake with high content of lignin, ¢) suspending the first lignin filter cake obtained in step b in a second
acidification stage, d) whereupon a second lignin suspension 1s obtained, ¢) dewatering of the second lignin suspension forming a
second filter cake with high content of lignin, ) washing the second filter cake water and finally, g) dewatering of the washed sec -
ond lignin cake obtaining a lignin product. According to the mvention 1s the waste gases emitted from the second acidification
stage re-circulated and mixed with the original black liquor at the latest in the first acidification stage. By this recirculation i1s a
waste gas disposal problem solved while also reducing the amount of fresh acidifier charged i the first acidification stage.
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Method for precipitating lignin from black liguor by

utilizing waste gases

Technical Field

This invention relates to a method for lignin separation from spent cooking liquor,

called original black liquor, using a 2-stage acidic separation process.

Background
The advantages with lignin separation from black liquor is already described in WO

2006/031175 and W02006/038863. These patents disclose the novel process
LignoBoost™ that is now sold by Metso, and wherein WO 2006/031175 disclose the

basic two stage acidic process and WO2006/038863 disclose an improvement of the

process where sulphate or sulphate ions are added to the process.

An important aspect of the process is that the required charge of chemicals for the
acidification may be high. . If this is the case the cost of fresh chemicals Is a large
part of the operational cost and the commercial viability of the process is lower.
These problems could be reduced, if the process Is optimized for minimum
requirement for charges of fresh chemicals, making the lignin product commercially

sound.

Another problem with the process disclosed in WO 2006/031175 1s that there may be
a disposal problem with the strongly odorous H,S gases that are emitted from the
reslurrying tank and bled out from the process, and it is suggested that these
hydrogen sulfides could be added to the pulping process in order to increase sulfidity
and possibly increase the yield in the pulping process. However, such rerouting of
the strongly odorous H>S gases to another part of the pulp mill introduces risks for
emissions of these gases during transport and storage. It is far better to use these

gases at the location or process producing these gases.

Summary of the invention
The invention is based upon the finding that the H>S gases that are emitted from the

reslurrying tank also contains a large amount of residual carbon dioxide, CO,. By re-
circulating this H,S and CO; rich gas back to the first acidification stage a

corresponding reduction of addition of the fresh carbon dioxide is obtained.
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carbonates content in the lignin cake. These compounds reacts with the acidifier and
forms carbon dioxide (CO) and hydrogen sulfide (H.S), according to:

CO3* + 2H" <-> CO, + H,0

HCOs; + H <-> CO, + H,0

S% + 2H* <-> H,S

HS + H" <-> H,S
The formation of carbon dioxide in this process enables a further source for carbon
dioxide needed for the first acidification stage, and the hydrogen sulfide I1s also a net
contributor to the acidification as the pK; value of hydrogen sulfide is 6,89.

This invention relates to a two-stage acidic separatlon process and the screntrt' ic
definition of acidity is as follows Reactrons of acids are often generallzed in the form

HA H* + A, where HA represents the acid and A’ is the conjugate base. Acid- base

=conjugate pairs dn‘fer by one proton and can be mterconverted by the addltlon or
removal of a proton (protonatlon and deprotonatlon respectlvely) Note that the acrd

can be the charg_ed specres and the conjugate base can be neutral in whrch case the

generalized reaction scheme couild be written as HA* H* + A. In solution there exists
equilibriumbetween the acid and its conjugate base. The equilibrium constantK'is an
expression of the.equilibriurn concentrations of the molecules or ions in solution.
Brackets indicate_concentration, 'such that [HZQ] means the concentration of H20.

The acid dissociation constant K, is.generally used in the context of acid-base

reactions. The numeriCaI Value of K, ' Is equal to the concentration of the products |

over the concentratlon of the reactants where the reactant Is the acrd (HA) and the

'products are the conjugate base and H”. ‘The stronger of two acids will have a hrgher

K than the weaker acrd the ratlo of hydrogen ions to acid will be higher for the

stronger acid as the stronger acrd has a greater tendency to lose its proton. Because
the range of possible values for K, spans many orders of magnitude, a more
manageable constant, pK, is more frequently used, where pK, = - logio(Ks). Stronger

acids have a smaller pKa‘ than weaker acids'. Experimentally determined pK, at 25°C

in aqueous solution are often quoted in textbooks and reference material. This value

of the pK,is used in following description ot the weak and strong acids used. As a

comparison the pK, value for water is 15.7.
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embraces any acidifier comparable to carbon dioxide in aspects of acidic strength,
l.e. a positive pK; number in the order of 1-15, preferably 5-12. Often is carbon
dioxide the preferred choice for the weak chemical as it is a low impact on
environmental loading, and has a well proven capability of improving wash-out
performance in wash stages and improves drain ability of the lignin cake. Carbon
dioxide is also relatively inexpensive and would not introduce new chemicals into the
liquor cycle of the pulp mill. This weak acid is used in the first separation stage of the

invention, as the volumes of black liquor are considerable.

It is intended throughout the present description that the expression strong acid
embraces any acidifier comparable to sulfuric acid in aspects of acidic strength, I.e. a
pKa number in the order of -3, i.e. In the negative range and preferably in the range
-1 to -5. An alternative strong acidifier could be found in acidifying is performed by
adding SO2(g) , organic acids, hydrochloric acid (HCI), nitric acid (HNQO3), hydroiodic
acid (HI), hydrobromic acid (HBr) or perchloric acid (HCLO4), even if the alternatives
with chlorides most often is less preferred due to environmental load. The fresh
sulfuric acid added to the process could be obtained from so called "spent acid" from
a chlorine dioxide generator-or fresh sulfuric acid from a chemical supplier, or
mixtures thereof.

The present invention solves above problems, both the disposal problem of the
odorous sodium sulfide as well as a reduced charge of acidifier in the first

acidification stage.

It is intended throughout the present description that the expression "dewatering”
embraces any means of dewatering. Preferably 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, most preferred a filter press

apparatus Is used.

It is intended throughout the present description that the expression "original black
liquor" embraces spent cooking liquor from a digester, having most of the lignin from
the original cellulose material dissolved in the "original black liquor". The "original

black liquor" may also have a large content of organic and inorganic material, but
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other specific constituents, while keeping the bulk volume of dissolved lignin
unaltered. |

According to the basic aspects of the inventive method it is related to a rﬁethod for
separation of lignin from an original black liquor comprising the following stages in
-9 sequence: (a) precipitation of the lignin by a first acidification stage of the original
black liquor by adding a first acid or mixture of acids: (b) followed by dewatering while
forming a first filter cake with a high content of the lignin; (c) suspending the first
lignin filter cake obtained in stage (b) in a second acidification stage using a second
acid or mixture of acids; (d) whereupon a second lignin suspension is obtained; (e)
- 10 dewatering of the second lignin suspension forming a second filter cake with a high
content of the lignin; (f) washing the second filter cake and finally; (g) dewatering of
the washed second lignin filter cake obtaining a lignin product, wherein waste gases
are emitted from the second acidification stage, and wherein the waste gases are re-
circulated and mixed with the original black liquor at the latest in the first acidification

15 stage.

In an embodiment of the invention the waste gases emitted from the second
acidification stage are treated in a conversion process wherein at least a part of the
waste gas components is converted to a stronger acid having a lower pK, value

before being re-circulated and mixed with the original black liquor. The conversion
20 process preferably takes place in @ combustion chamber wherein the combustion is
assisted with air or oxygen supply. In this embodiment could also the waste gases
emitted from the second acidification stage be collected by a pump that establish a
sub atmospheric pressure during the second acidification stage in order to increase

'degassing and collection of all gases emitted and avoid leakage of odorous gases to

25 the environment.

In a preferred embodiment of the inventive method is the first acid a weak acid having
a positive pK,, preferably carbon dioxide. As the first acid is used in the totali
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- effective and yet environmental friendly acidifier that also do not add any dangerous

chemicals into the liquor cycle is preferable. This would, however, not exclude the

possibility of using the same acidifier as used as the second acid under the basic

aspects of the invention.

In yet a preferred embodiment of the inventive method is the second acid a strong
acid having a negative pK,, preferably sulfuric acid. As the second acid is used In the
relurrying stage of the first lignin cake, the amount of acidifier needed is dramatically
reduced as the total volume of the lignin cake is less than 1/10 of the original black
liquor volume. This would not exclude the possibility of using the same acidifier as

used as the first acid under the basic aspects of the invention.

In a further preferred embodiment of the inventive method is the entire separation
process, from the first acidification stage and until bbtaining the final lignin product,
kept at acidic conditions below pH 6. Preferably the entire separation process from
the first acidification stage is kept at acidic conditions even below pH 4. The pH level
throughout the process is most preferred a pH from 1 to 3.5. This would prevent any
separated lignin from being dissolved again, and the precipitated lignin would be
subjected to repeat leaching of metals and other unwanted components, meeting the

objectives of obtaining a clean lignin product at high yield.

In yet a further preferred embodiment of the inventive method is at least the
dewatering of stage b) but possibly also stage f) including blowing trough of the first,
or second, filter cake by gas or a mixture of gases, preferably flue gases, air or
vapor, most preferred air or overheated vapor, in order to dispose of the remaining
black liquor. This gas could also be re-circulated to the original black liquor if needed,

as these gases may contain components that have a net contributing effect upon the

acidification.

The inventive method may also include the additional steps of combining the pH level
adjustment with an adjustment of the ion strength, preferably by using alkali metal

ions or alkaline earth metal ions, most preferred calcium ions.
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The inventive method may also include the additional steps of that at least a part of
the filtrate from the dewatering In step g), or filtrate from washing in step f) is returned
to the second acidification stage c) to further reduce the consumption of acid and

water.

Short description of the figures

-Flg 1 shows the prlor art 2 -stage Ilgmn separatlon process accordlng to WO |
2006/031175. . ' ' o

Fig. 2 shows the inventive modification of 2'--stage‘ligh'in separation process.

Detalled deSCFIQtIOH of the mventlo
In fi gure 1is the known prior art process accordmg to WO 2006/031 175 shown The

_separatlon of Ilgnln from orlglnal black Ilquor BL comprlsmg the following stages. in

seq uence

a) Precipitation of lignin by a first acidification stage of the original black
liquor by adding a first acid or mixture of acids AC4, in any suitable precipitation
reactor PR, -

b) followed by dewatering while forming a first filter cake with high
content of lignin, said dewatering made in any suitable filter press FP4, which may
drain a first filtrate FL4 from the lignin suspension and have addition of gas blow
trough G4 of the lignin cake in order to displace any residual acidic liquor,

c) suspending the first lignin filter cake obtained in stage b in a second
acidification stage using a second acid or mixture of acids AC,, said suspension
made in any suitable reslurry tank RT while discarding the odorous gases HyS
emitted,

d) whereupon a second lignin suspension is obtained in the reslurry tank
RT,

e) dewatering of the second lignin suspension forming a second filter-
/ignin cake with high content of lignin, said dewatering made in any suitable filter
press FP,, which may drain a second filtrate FL, from the lignin suspension, and

at least a portion of this second filtrate FL, may be re-circulated back to stage c,
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wash apparatus WP, adding a wash liquid WL to this washing stage, and finally
g) dewatering of the washed second lignin cake obtaining a lignin
~ product LP, said dewatering preferably made in the last stages of the wash

apparatus WP, which may drain a third filtrate FLa from the second filter/lignin
cake, and at least a portion of this third filtrate FL; may be re-circulated back to

stage ¢, and may also have addition of gas blow tréugh G, of the lignin cake in
order to displace any residual acidic liquor.

In figure 2 is the inventive improvement of the prior art process accordmg to WO.
2006/031175 shown. The separation of lignin from original black liquor BL comprises
the same basic steps as shown in figure 1, but here the waste gases.emitted from

the secdnd acidiﬁcation stage, i.e. from reslurrying.tank RT; is re-circulated and

miiced with-the original black liquor at the latest in the first acidification stage. -

The filtrate from the first dewatering stage in FPy is preferably re-circulated directly to
a recovery system, préferably afte,r re-alkalization.

The g'aé used in FP; or WP for bIdWing through the filter cake is preferably air or flue
gases, preferably flue gases from a recovery boiler, a bark boiler or a lime kiln.

In ﬁgUre 3 is an alternative embodiment of the inventive improvement of the prior art
process according to WO 2006/031175 shown. Here is the re-circulated gas from the
reslurring stage in RT passed to an oxidization reactor where the gas is omdlzed with
or without a catalyst in a combustion process with a flame in an oxidation reactor OR.
while being added with oxygen, Oé. In such .oxidization a conversion of the H,S to
Sulfur dioxide or Sulfur trioxide takes place, which in a watér solution have a stronget
acidity than H2S. The oxidation reactor could alternatively be a catalytic process or a
combination of a cOmbustion and a catalytic prbcess simiiar to a sulfuric acid

, prod uction process The acidic strength of H,SO; and H2S04 corresponds to pK;l

values in the order of 1.8 and -3, respectlvely If a large part of the st Is converted
to SO, and/or SO3, then the need for charging fresh carbon dioxide decreases even
further in order to establish the low pH value for the lignin precipitation. The savungs
in charge of fresh carbon ledee could then be reduced by some 10-20% further,

depending upon the conversion efficiency in the oxidization and total amount of st

7
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preferably be collected by a vacuum pump P, pressurizing the gases and positively
assuring that all emitted gases from the reslurrying tank is vented away. As
oxygen/air may be included in the stream‘ of gases, due to Slight sub atmospheric
pressure in reslurrying tank, it would be édvantage0us to add the treated gases
before charging the carbon dioxide:to the original black liquor, i.e. Iin the in feed pipe

to precipitatidn reactor PR as shown in figure, or any other suitable vessel.

An additional procedure for sfabilizing the lignin during the 2-stage process Is, In
combination with a pH-decrease, to adjust the ionic strength in the slurry stage,
preferably with multivalent alkali metal ions or alkaline earth metal ions (e.g. calcium).
At a given pH, a higher ionic strength in the suspension stage reduces the lignin yield
losses. Here also the ionic strength and pH of the wash water preferably essentially
correspond to the condatlons In the slurry stage to avoid gradients during the washing

process. A h|gher lonic strength in the slurry and m the wash water gives a stable

lignin and high lignin yield even at pH- values in the upper acidic range.

The methOdaCcording to the first aspect of the present'invention may further be
performed, as set out above, whereby first the lignin is precipitated with carbon
dioxide or other suitable acids according to previously known methods. The
suspension is then dewatered in some form of separation equipment (e.g. some form
of filtration equiprhént, sedimentatidn-tank, centrifugation etc). A filter press
equipment where the filter cake can be pressed to a high dry content is preferable.
Thereafter, air is breferably blown through the pressed filter cake in order to remove
as much as possible. of the remaining black liquor. In this way, the acid consumption

and hydrogen sulfide formation in the subseq uent re-slurry stage can be considerably

reduced

The filter cake is reslurried in tank RT preferably equipped with a suifable stirring

device and equip'ped with an exhaust to take care of the hydrogen sulfide formed as

well as residual and formed carbon dioxide.

Examples
Example 1 (Comparative)

In the prior art process shown in figure 1 was an original black liquor used with a dry



CA 02763447 2011-11-24
WO 2010/143997 PCT/SE2009/000291

’ -

lignin product had a dry matter concentration of 70% at a production rate of 348
t/day.

Following charges was made in the process:

l Charge of | Filtrate | Charge of | Filtrate | Wash |
Fresh CO, | (FLy) H,SO, (FL,) Liquor (WL)

(ton/day) (ton/day) (m°/day) (ton/day) (ton/day) |
i120 14441 12 | | 541 ]541 |

As shown In the figure was the charge proportions of fresh carbon dioxide more than

1/3 (>33%) of the produced final lignin product, i.e. charge of 120 ton per 348 ton of
final lignin product.

As the costs for carbon dioxide is almost 100 Euro per ton, the costs for chemicals

10 then a great part of the production costs for the final lignin product.

Exémple 2, the invention

If the process instead is modified according to the invention, using re-circulation of
the gases emitted in the reslurrying stage, as shown in figure 2, but using the same
15  original black liquor with a dry matter concentration of 30% and at a feed rate of 4790

t/day, and where the final lignin product had a dry matter concentration of /0% at a

production rate of 348 t/day following charges was made in the process:

Charge of | Filtrate Charge of | Filtrate : Wash
Fresh CO2; | (FL) H,SO4 (FL>) Liquor (WL)
(ton/day) (ton/day) (m>/day) (ton/day) (ton/day)

| 78 444 [ 12 | 541 1541

As shown in the figure was the charge proportions by weight of fresh carbon dioxide
20 reduced to about 1/5 (22%) of the produced final lignin product, i.e. a charge of 78
ton per 348 ton of final lignin product. The actual charge of carbon dioxide was

reduced by 35% in comparison with the prior art process without recirculation of

emitted gases from the reslurrying stage.

25 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
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should not be limited by any of the above-described exemplary embodiments, but
should be defined only in accordance with the following claims and their equivalents.
For example, any of the above- noted methods can be combined with other known

methods for separating lignin from black liquor using equivalent weaker or stronger
acids. 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.

10
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CLAIMS:

1. ' A method for separation of lignin from an original black liquor

comprising the following stages in sequence:

(a) precipitation of the lignin by a first acidification stage of the original

O black liquor by adding a first acid or mixture of acids:

(b) followed by dewatering while forming a first filter cake with a high
content of the lignin;

(c) suspending the first lignin filter cake obtained in stage (b) in a
second acidification stage using a second acid or mixture of acids:

10 (d) whereupon a second lignin suspension is obtained:

(e) dewatering of the second lignin suspension forming a second filter
cake with a high content of the lignin;

(f) washing the second filter cake and finally;

(g) dewatering of the washed second lignin filter cake obtaining a lignin
15 product,

wherein waste gases are emitted from the second acidification stage,
and wherein the waste gases are re-circulated and mixed with the original black

liquor at the latest in the first acidification stage.

2. - The method according to claim 1, wherein the waste gases emitted
20 from the second acidification stage are treated in a conversion process and wherein

at least a part of the waste gases components is converted to a stronger acid having
a lower pK, value before being re-circulated and mixed with the original black liquor.

3. The method according to claim 2, wherein the conversion process takes

place in a combustion chamber, wherein the combustion is assisted with an air or an

11
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oxygen supply.

4, The method according to claim 2, wherein the conversion process takes
place in an oxidization reactor with a catalyst with or without a flame.

S. The method according to claim 1, wherein the waste gases emitted
from the second acidification stage are collected by a pump that establishes a sub
atmospheric pressure during the second acidification stage.

6. The method according to claim 1, wherein the first acid is a weak acid
having a positive pK,.

7. The method according to claim 6, wherein the first acid is carbon
dioxide.
8. The method according to claim 6 or 7, wherein the second acid is a

strong acid having a negative pK..

9. The method according to claim 8, wherein the second acid is sulfuric
acid.
10. The method according to claim 8 or 9, wherein the entire separation

process from the first acidification stage and until obtaining the final lignin product is
kept at acidic conditions below pH 6.

11. The method according to claim 10, wherein the entire separation

process from the first acidification stage is kept at acidic conditions below pH 4.

12. The method according to any one of claims 1 to 11, wherein at least the
dewatering of stage (b) and optionally also stage (f) includes blowing through of the
first, or second, filter cake by a gas or a mixture of gases in order to dispose of the
remaining black liquor.

13. - The method according to claim 12, wherein the gas flowing through the

filter cake is a flue gas, air or vapor.
12
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14. The method according to claim 13, wherein the gas flowing through the

filter cake is air or an overheated vapor.

15. The method according to any one of claims 1 to 14, wherein a pH level

adjustment is combined with an adjustment of the ion strength.

16. The method according to claim 15, wherein the ionic strength

adjustment is effected by using alkali metal ions or alkaline earth metal ions.

17. The method according to claim 16, wherein the ionic strength

adjustment is effected by using calcium ions.

18. The method according to any one of claims 1 to 17, wherein at least a
part of a third filtrate from the dewatering step (g), or a third filtrate from washing in

step (f) is returned to the second acidification stage (c) to further reduce the

consumption of acid and water.

13
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