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Tiivistelmd - Sammandrag - Abstract

Esilla olevan keksinnon kohde on uusi menetelmé

jatepesuliuoksen kasittelemiseksi, joka jatepesuliuos on 12 16,
tuotettu saostetun ja keiton alkalisesta jatelipedsta erotetun l

ligniinin pesussa. Ainakin osa jatepesuliuocksesta johdetaan 15 29 24
kemialliseen talteenottokiertoon kierron kohdassa, joka alkaa 4 | E F J, 25
sulan liuotusvaiheesta ja kasittda sen, ja paattyy 13 17 g
keittovaiheeseen ja kasittdaa sen. Edullisissa H 23
toteutusmuodoissa veden ja/tai vesipitoisen liuoksen syottoa 27
kemialliseen talteenottokiertoon talteenottokattilan alavirran 26
puolella sadadetdan niin, etta jatepesuliuoksen syéttdminen ei
merkittavasti lisda keittolinjaan menevéan valkolipean 19 30
sisdltamaa vesimaaraa. Kaksi edullista jatepesuliuoksen
syottokohtaa ovat, muiden muassa, (1) sulan liuotin ja (2) 16, 28
kohta jossa laimennetaan peseméatdntd meesaa. G

The subject of the invention is a new method for handling 21
spent wash solution produced in the washing of lignin that
has been precipitated and then separated from spent alkaline
pulping liquor. At least part of the spent wash solution is
introduced into the chemical recovery cycle at a location in
that part of the cycle which starts at, and includes, the smelt
dissolving stage and ends at, and includes, the pulping
stage. In preferred embodiments, input of other water and/or
aqueous solution into the chemical recovery cycle after the
recovery boiler is adjusted so that, as a consequence of the
introduction of the spent wash solution, the amount of water
in the white liquor going to the pulping line is not significantly
increased. Among others, two preferred locations for the
introduction of the spent wash solution are (1) the smelt
dissolver and (2) the location where unwashed lime mud is
diluted.
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METHOD FOR HANDLING SPENT WASH SOLUTION OF A LIGNIN-
RECOVERY PROCESS

Technical field

Lignin may be removed from spent alkaline pulping liquor (black liquor) by first
acidifying the liquor and then separating the resulting lignin precipitate. The separated
material is usually washed in order to obtain a solid product comprised primarily of
lignin and having a reasonably low level of impurity. At least one washing stage is
usually undertaken under acidic conditions. The present method deals with the handling
of the spent wash solution which is typically in the form of one or more filtrates. The
lignin product may be utilized as a fuel, as a material or as a chemical in a range of

potential applications.

Prior art

The most commonly applied method for recovering reasonably pure lignin from spent
alkaline pulping liquor, commonly termed black liquor, involves the following Steps:
1. Acidification of the liquor to a pH typically in the range 9 — 10 (value at 25 °C)
using an acid such as carbon dioxide (CO,) or sulphuric acid (H,SO,)
2. Separation of the solid particles thus precipitated by e.g. filtering the slurry
3. Washing the separated material, usually a filter cake, at low pH, typically
around pH 2 (value at 25 °C), using an acidified aqueous solution

4. Asrequired, further washing of the separated material.

The black liquor remaining after the separation of the solids in Step 2, often termed
lignin-lean black liquor, is invariably recycled to the evaporation plant of the pulp mill.
The lignin-lean black liquor is thereby concentrated in the evaporation plant and then
combusted in the recovery boiler of the pulp mill, together with black liquor that has not
been subjected to the lignin-recovery process. So called green liquor is prepared by
dissolving the inorganic compounds exiting the boiler as smelt. Green liquor is
subjected to a causticizing treatment, in which calcium hydroxide (Ca(OH),), formed

by slaking burnt lime (Ca0), reacts with sodium carbonate (Na,COs3) to form limestone
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(CaCOs;) and sodium hydroxide (NaOH). CaCOj; is separated, washed, dewatered and
re-converted to CaO in the lime kiln. The liquor, termed white liquor, remaining after
separation of CaCOj; contains the active pulping chemical(s) and is led to the pulping
stage. In the case of kraft pulping, the active chemicals are NaOH and sodium sulphide
(Na,S). The stream of separated limestone material is termed lime mud. Thus, by
recycling the lignin-lean black liquor to the evaporation plant, the spent pulping
chemicals in the lignin-lean liquor are recovered, while the significant amount of
organic material still remaining in the lignin-lean liquor is exploited as an energy source

in the recovery boiler.

The spent wash solutions produced in Steps 3 and 4 are typically in the form of one or
more filtrates. In other words, a filter is used in conjunction with the washing steps.
When washing is carried out in a counter-current fashion, fresh wash medium, typically
mill water or condensate, is introduced into the last washing step while the spent wash
solution from the first washing step is the only stream of spent wash solution exiting the

process.

Like the lignin-lean black liquor, the spent wash solution contains both inorganic and
organic compounds originating from the black liquor fed to the lignin-recovery plant. In
addition, the spent wash solution contains compounds derived from the acid employed
in the acidic washing step(s). Typically, sulphuric acid (H,SO,) is employed for this
purpose, in which case the spent wash solution contains a significant amount of sodium
sulphate (Na,SQO,), the sulphate of which has been derived from the acid. Overall, the
spent wash solution obviously contains less dissolved material than the lignin-lean

black liquor.

There are two known methods for handling the spent wash solution. The first is simply
disposal of the solution as an effluent of the pulp mill. This method is presented, for
example, in the patent document GB664811A. The second method, which has
understandably been to the forefront in recent years, follows the method for the
handling of the lignin-lean black liquor from Step 2. In other words, the spent wash
solution is also recycled to the main black-liquor stream, typically to a location in the

evaporation plant of the mill, although this location is not necessarily the same as that
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for the lignin-lean black liquor from Step 2. For example, according to the method
presented in the article, Tomani, P., et al, “Lignin removal from different black
liquors”, Proceedings of the 4™ Nordic Wood Biorefinery Conference, Helsinki,
Finland, VIT Technology 53 report, 2012, pp. 227-238, both the lignin-lean black
liquor (from Filtrate tank 1 in Figure 1 of the article) and the spent wash solution (from
Filtrate tank 2 in Figure 1 of the article) are sent to the evaporation plant, the former to
a location late in the evaporation sequence, the latter to a location early in the sequence.
Note that in the same article it is proposed that, in some cases, the spent wash solution
could be used for washing unbleached or oxygen-delignified pulp, while in patent
document US2008214796 it is proposed that the spent wash solution be employed in
the step where tall-oil soap is acidulated. Document W02009104995 discloses that
filtrate from the washing of lignin is recirculated to a pulp mill, and that the filtrate is
conveyed back to the black liquor before lignin is precipitated. Ohman F. et al.( 'A
novel method for washing lignin precipitated from kraft black liquor, Paper 3, in:
Doctoral thesis by Fredrik Ohman; Chalmers University of Technology, Gothenburg
2006, Sweden) disclose that filtrate from the washing of lignin is conveyed to weak
black liquor to be evaporated. Document F1123577 describes a method for recovering
an aliphatic carboxylic acid fraction from waste liquor. These are variations of the
known method of recycling the spent wash solution to the main black-liquor stream; i.e.
in these cases, too, the spent wash solution ends up in the black liquor sent to the

evaporation plant.

The cost of evaporating water from the spent wash solution in the evaporation plant is
significant. Furthermore, the water to be evaporated from the spent wash solution
represents an increase in the total evaporation load in comparison to what the load had
been prior to application of the lignin-recovery process. Note that concentrating the
lignin-lean black liquor in the evaporator does not increase the load in the same way.
Approximately the same amount of water needs to be evaporated from the lignin-lean
black liquor as had been earlier evaporated from the black liquor fed to the lignin-
recovery plant. On the other hand, the water in the spent wash solution is largely
derived from water in the fresh wash solution that is introduced specifically for the
needs of the lignin-recovery process. In other words, in the absence of a lignin-recovery

process, this water would not be inputted into the chemical recovery cycle of the pulp
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mill. The extra evaporation load resulting from the input of water in the fresh wash
solution may restrict application of a lignin-recovery process. For example, if, to start
with, the evaporation plant is running at maximum load, obviously application of lignin

recovery requires simultaneous expansion of the evaporation plant.

Another detrimental aspect of the known method of handling the spent wash solution is
that the costs and difficulties are in direct proportion to the amount of fresh wash
solution employed in the washing process. The purity of the final lignin product is
naturally dependent on the amount of fresh wash solution introduced into the washing
process. So, as demands on the purity of lignin product are tightened up, the detrimental
aspects of the known method of handling the spent wash solution become more

pronounced.

In the light of the prior art, there is a clear need for an alternative method of handling
the spent wash solution, a method that (1) does not incur the significant costs associated
with evaporating water from the solution and (2) does not lead to an increase in the
overall load on the evaporator.

An object of the present invention is to provide a method which can meet this need.

Description of the invention

The present invention is a new method for handling the spent wash solution produced
when washing lignin that has been precipitated and then separated from spent alkaline
pulping liquor, with at least one washing step being conducted under acidic conditions.
According to the new method, at least part of the spent wash solution is introduced into
the chemical recovery cycle at a location after the recovery boiler but before the pulp-
washing stage. More precisely, the spent wash solution is introduced at a location in
that part of the cycle which starts at, and includes, the smelt dissolving stage and ends
at, and includes, the pulping stage. For the present purposes, the pulping stage is
defined as terminating immediately upstream of the first pulp-washing operation, which
may, in fact, be carried out in the same vessel as the pulping stage. The pulping stage

typically comprises a feed system for cellulosic fibrous organic material and at least one
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treatment vessel, such as a cooking vessel, in which white liquor is used. Spent wash
solution may be added to the feed material in the feed system and/or to the treatment

vessel before any washing stage.

In preferred embodiments of the new method, input of other water and/or aqueous
solution into the chemical recovery cycle after the recovery boiler is adjusted so that, as
a consequence of the introduction of the spent wash solution, the amount of water in the
white liquor going to the pulping line is not significantly increased. In other words,
water added with the spent wash solution preferably substitutes, to a large extent, water
that would otherwise be inputted to the recovery cycle in conjunction with the
preparation of white liquor. For example, the spent wash solution is used to substitute
(1) part of the water and/or aqueous solution employed in the dissolution of recovery-
boiler smelt and/or (2) part of the water and/or aqueous solution, such as condensate,
used for preparing a dilute slurry of lime mud prior to the final washing and dewatering
of the lime mud. In other words, among others, two preferred locations for the addition
of the spent wash solution are (1) the smelt dissolving tank and (2) the location where
unwashed lime mud is diluted. Note that, in the case of addition to the smelt dissolving

tank, the spent wash solution may be added via the vent gas scrubber of the tank.

The present method - adding the spent wash solution to the chemical-recovery cycle
after the recovery boiler - has not been proposed in the prior art. Furthermore, for a
number of reasons, a person skilled in the art would not consider the method obvious on

the basis of the prior art. Three such reasons are given in the following.

1. The general practice in pulp mills is that waste streams containing significant
quantities of black-liquor components are returned to the recovery cycle via the
evaporation plant and are thus combusted with the main concentrated black-liquor
stream in the recovery boiler. Introduction to the cycle after the recovery boiler, e.g. to
the smelt dissolver, has not been practiced because of, among other things, the
detrimental behaviour of certain black-liquor organic compounds in operations

downstream of the recovery boiler.
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2. Generally speaking, the introduction of additional waste solution to the recovery
cycle after the recovery boiler should be realized in such a way that the amount of water
in the white liquor going to pulping stage is not increased. Thus, if the extra waste
solution is to be added to the smelt dissolver, the amount of water or aqueous solution
currently being added to the dissolver should be decreased first. At many pulp mills this
will be difficult — or even impossible — to accomplish. Generally speaking, there will be
no obstacles to substituting part of the current input of water for diluting lime mud,
provided that (1) the new input does not leave detrimental impurities in the lime mud
that is fed to the lime kiln and (2) the new input does not significantly worsen the
filterability of the dilute lime-mud slurry. Generally speaking, solutions containing
black-liquor components are ruled out on both counts. Thus, even if the presence of
black-liquor components in the green-liquor and white-liquor streams were allowed, on
the basis of the prior art it would be reckoned unlikely that the waste solution
containing these components could be inputted without increasing the amount of water

in the white-liquor stream.

3. Because at least one of the washing steps is carried out under acidic conditions, the
overall spent wash solution has a low pH, typically around 2. Presumably another
deterrent to adding this acidic solution to the cycle after the recovery boiler has been an
assumption that the acidic solution would then consume alkali that is destined for use as

an active pulping chemical.

In the prior art, insufficient attention has been given to (1) the detailed composition of
the spent wash solution and (2) what this composition means for subsequent handling of

the solution in ways different from the previously known ways.

The spent wash solution certainly contains compounds originating from the black liquor
but it does not contain the full range of black-liquor compounds. In fact, surprisingly,
only one group of organic compounds and only one inorganic salt are present in

significant quantities in the spent wash solution.

The lignin-recovery process removes a significant part of the lignin contained in the

black liquor fed to the lignin-recovery process. The separated solid material from Step 2
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contains a considerable amount of entrained lignin-lean black liquor as impurity. The
main function of the lignin-washing process is to remove this entrained black liquor.
Another function is to liberate sodium still bound to organic compounds. To this end,
acid is employed in at least one washing step. The entrained lignin-lean black liquor
still contains lignin. However, as a result of the liberation of sodium during the acidic
washing step, nearly all of this entrained dissolved lignin precipitates out during the
washing process and increases the yield of lignin from the process. The other main
group of organic compounds in the entrained lignin-lean black liquor is composed of
aliphatic carboxylic acids. The two main subgroups of these acids are (1) so-called
volatile acids, such as formic acid and acetic acid, and (2) hydroxy acids, such as
glycolic acid, lactic acid, hydroxybutanoic acid and glucoisosaccharinic acid. In the
entrained black liquor, these acids are in the form of salts but they are then largely
liberated from their salts in the acidic washing step. The liberated acids remain in a

dissolved form in the wash solution.

Except for Na,SO4, the main inorganic salts in the entrained black liquor react with acid
in the acidic washing step. For example, entrained lignin-lean kraft black liquor
contains sodium hydrosulphide (NaHS), which reacts liberating hydrogen sulphide
(H,S), and both Na,CO; and sodium bicarbonate (NaHCQOs3), which react liberating
carbon dioxide (CO;). The salt formed in these reactions naturally depends on the acid
employed. The preferred acid is H,SO., which reacts with sodium-containing

compounds to form Na,SOy.

Thus, when using the preferred acid H,SOs, the only compounds present in significant
quantities in the spent wash solution are (1) Na,SO, and (2) aliphatic carboxylic acids.
The amounts of other compounds are minor. These other compounds may be ignored
when assessing handling options for the spent wash solution. Thus, although it is true
that a significant part of the compounds dissolved in the spent wash solution originate
from black liquor, the composition of the spent wash solution is very different from that
of diluted black liquor. Hence restrictions applied to the handling of waste solutions
containing black liquor, as such, are not necessarily applicable to the spent wash
solution. Note that explicit information about the main components of the spent wash

solution has not been presented in the prior art.
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According to the present invention, the spent wash solution may be introduced into the
recovery cycle after the recovery boiler. This is unexpected on the basis of the prior art.
Costs are incurred but, typically, the costs are only a fraction of those of the known
method. In the new method, and with H,SO, as the preferred washing acid, the Na,SO,
in the spent wash solution becomes an additional dead load in the white-liquor
preparation line and in the pulping line (whereas the increased dead load in the
evaporation line is common both to the new method and to the known method based on
recycling to the evaporator). When coming into contact with alkaline liquor, e.g. green
liquor, the aliphatic carboxylic acids react with alkali thus reforming their acid salts.
Note that, at pH 2, a small excess of H,SO4 may be present in the spent wash solution.
However, the amount of alkali required to neutralize such excess H,SOy is clearly less
than that required for the neutralization of the aliphatic carboxylic acids. The salts of

these acids further add to the dead load in the white-liquor and pulping lines.

One of the surprising features of the new method is that, despite the addition of the
acidic spent wash solution at a location after the recovery boiler, there is no measurable
difference in the net consumption of alkali compared to the known handling methods —
at least when a mineral acid such as H,SO, is employed in the lignin-washing process.
The application of a lignin-recovery process has a major impact on the balance of
elements in the pulp mill. For example, when H,SO; is the acid employed in the lignin-
washing process, the addition of 1 mole of H,SO, requires, roughly, that 1 mole of
Na,SO;, is purged from the cycle and 2 moles of NaOH (or 1 mole of Na,CO;) are
added as make-up. The balance is independent of the location at which the
NaOH/Na,COs is added. Thus, for example, the NaOH/Na;COs could be added to the
lignin-lean black liquor prior to the liquor being recycled to the evaporation plant or, in
the case of the new method, it could be added to the spent wash solution prior to the
solution being introduced into the cycle after the recovery boiler. The amount of
NaOH/Na,COs make-up is more than enough to neutralize the acidic spent wash
solution. More detailed analyses of the pulp-mill sodium-sulphur balances for various
cases, covering different handling options for the spent wash solution and different

locations for adding NaOH/Na,COs, confirm the above conclusion; namely, that the net
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alkali consumption is largely independent of whether a known method or the new

method is applied for handling the spent wash solution.

In terms of the main impacts, the difference between the known method based on
recycling to the evaporator and the new method can thus be summarized as follows.
Compared to the known method, the new method increases the dead load in the white-
liquor preparation and pulping lines but, provided that the spent wash solution may be
inputted without significantly increasing the amount of water in the white liquor, the
new method avoids the need to evaporate water from the spent wash solution. The costs
associated with the increased dead load in the new method are typically only a fraction
of the costs associated with the evaporation of water in the known method.
Furthermore, in the new method, the costs are relatively insensitive to the amount of
fresh wash solution employed in the lignin-recovery process. If the amount of fresh
wash solution is doubled, the costs will, in the majority of cases, hardly change. This is
in sharp contrast with the known method in which doubling the amount of fresh wash
solution will, in the best case, lead to an approximate doubling of the handling costs.
The best case is that in which the capacity of the existing evaporation plant is sufficient
for handling the additional spent wash solution. Obviously, costs will increase even

more steeply if the evaporation plant has to be expanded.

One essential feature of the present new method is that the compounds originating from
the spent wash solution — Na,SO4 (when H,SO, is the washing acid) and the salts of
aliphatic carboxylic acids — do not disturb, in any measurable way, the key process
reactions in the white-liquor preparation line and in the pulping line. Their impact is

predominately that of increased dead load.

As discussed earlier, provided that the spent wash solution (1) does not leave
detrimental impurities in the lime mud that is fed to the lime kiln and (2) does not
significantly worsen the filterability of the dilute lime-mud slurry, it will be possible to
replace part of the water employed for diluting unwashed lime mud with the spent wash
solution. Waste solutions containing black liquor, as such, are not suitable for inputting
in this way. The use of solutions containing the full range of kraft black-liquor

components will tend to increase the contents of both “problematic sodium” and
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“problematic sulphur” in the final lime mud sent to the kiln. “Problematic sodium” is
sodium that may be released in the high-temperature zones of the lime kiln and may
thus result in the formation of alkali fume. “Problematic sulphur” is sulphur in a
reduced form — typically sulphide or hydrosulphide ion — which readily serves as a
source of emission of reduced sulphur gases from the kiln. When the preferred washing
acid, H,SO,, is employed, the spent wash solution contains negligible amounts of both
“problematic sodium” and “problematic sulphur”’. Na,SO4 does not release sodium or
sulphur when subjected to normal combustion temperatures. The aliphatic carboxylic
acids contain neither sodium nor sulphur. Thus, when employing the spent wash
solution as part of the medium for diluting lime mud, the contents of problematic

impurities in the lime mud sent to the kiln will not be measurably affected.

Generally speaking, the filterability of the dilute lime-mud slurry will be negatively
impacted if the spent wash solution contains fine particles or if fine particles precipitate
out from the spent wash solution when it is used as part of the aqueous medium for
diluting unwashed lime mud. In fact, the spent wash solution is not problematic from
these points of view. In the overall lignin precipitation and washing process, the pH is
lowered from a very high value, around 13.5, to a low value, around 2. The amount of
alkali entrained in the unwashed lime mud is an order of magnitude greater than that
required to neutralize the spent wash solution. Thus the spent wash solution becomes
highly alkaline when mixed with unwashed lime mud. The fact that, in the precipitation
process, the pH has been lowered from a very high value means that virtually all the
material dissolved in the acidic spent wash solution is also soluble in alkaline solution.
Thus fine particles do not precipitate out from the spent wash solution to any
measurable extent when the solution is mixed with unwashed lime mud. The spent wash
solution may contain some lignin particles which have passed through the filter cloth
during the lignin-washing operation but these particles will re-dissolve completely in

the highly alkaline solution.

In conclusion, it is highly likely that, thanks to the particular composition of the spent
wash solution, other water input(s) to the recovery cycle after the recovery boiler can be
decreased so that the amount of water in the white liquor going to the pulping line is not

significantly increased. Among others, two preferred locations for the addition of the
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spent wash solution are (1) the smelt dissolver and (2) the location where unwashed

lime mud is diluted.

In one embodiment of the invention, at least part of the aliphatic carboxylic acid
fraction is recovered from the spent wash solution before the solution is introduced into

the chemical recovery cycle of the mill.

The present new method is discussed further with reference to the drawings FIGS. 1 - 3.
FIG. 1 depicts a typical lignin-recovery process while FIGS. 2 and 3 each highlight a
preferred location for introducing spent wash solution to the recovery cycle according

to the new method.

The numbers and letters in FIG. 1 refer to the following streams and processing stages:
1. Feed black liquor

. Carbon dioxide

. Primary lignin slurry

. Lignin-lean black liquor (filtrate from filtration of primary slurry)

. Primary filter cake

. Sulphuric acid

. Wash filtrate from second wash step (displacement wash on filter)

. Lignin slurry from first wash step (re-slurry acidic wash)

O 0 N1 O L AW

. Spent wash solution (filtrate from filtration of lignin slurry from first wash step)
10. Water and/or aqueous solution (fresh wash medium)

11. Filter cake, comprised essentially of moist lignin.

A. Reactor for acidification of black liquor
B. Filter press
C. Reactor for acidic re-slurry washing step

D. Filter press.

A typical lignin-recovery process for application at kraft pulp mills is depicted in FIG.
1. A part (/) of the black-liquor stream of the mill is acidified with CO; (2) to pH 10

(value 25 °C) in a stirred acidification reactor (A). Lignin is precipitated, thereby
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forming primary lignin slurry (3) which is then filtered using a filter press (B). The
filtrate (4) from this step, the so called lignin-lean black liquor, is recycled to the
evaporation plant. The primary filter cake (5) from the filter press (B) is led to a stirred-
tank reactor (C). Sulphuric acid (6) and filtrate (7) from the second washing step are
also introduced to this reactor (C) and the first washing step — an acidic re-slurry wash —
is thereby accomplished at a pH around 2 (value 25 °C). The lignin slurry (&) formed in
this step is filtered using a filter press (D). The filtrate (9) formed in the filtration of the
lignin slurry (&) is the spent wash solution of the lignin-recovery process. The second
washing step is a displacement wash on the filter (D). Fresh washing medium (/0),
typically in the form of mill water or condensate, is employed in this step and the
filtrate (7) thus formed is recycled to the acid-wash reactor (C). The dry matter of the
filter cake (//) exiting the filter press (D) is comprised of lignin and some residual

impurities.

The numbers and letters in FIGS. 2 and 3 refer to the following streams and processing
stages:

9. Spent wash solution from the lignin-recovery plant

12. Smelt from the recovery boiler

13. Weak wash (also known as weak white liquor)

14. Water or aqueous solution

15. Raw (unfiltered) green liquor

16. Dregs slurry

17. Filtered green liquor

18. Washed and dewatered dregs

19. Wash water

20. Filtrate from washing and dewatering dregs

21. Filtrate from washing and dewatering dregs

22. Burnt lime

23. Slurry of limestone and white liquor

24. Lime-mud filter cake

25. Wash water

26. White liquor

27. Dilution (wash) water and/or aqueous solution
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28. Diluted lime-mud slurry
29. Washed and dewatered lime mud
30. Wash water

31. Weak wash (also known as weak white liquor)

E. Smelt dissolving tank

F. Filter for green liquor

G. Filter for dregs slurry

H. Slaking and causticizing line

L. Filter for slurry of limestone and white liquor

J. Filter for slurry of limestone and weak white liquor

An embodiment of the present new method is depicted in FIG. 2. More specifically,
FIG. 2 is a simplified diagram of a plant for preparing white liquor from recovery boiler
smelt (lime kiln not shown), displaying also one preferred location for introduction of
the spent wash solution to the recovery cycle according to the new method. The stream
(9) of spent wash solution from the lignin-recovery plant is shown as a double line for
emphasis. The flows shown as single lines are those of a conventional white-liquor
preparation process. The conventional process is described first. Smelt (/2) from the
recovery boiler (not shown) is led to the dissolving tank (E) to which weak wash (/3)
and possibly additional water or aqueous solution (/4) are also introduced. Smelt
dissolves forming raw (unfiltered) green liquor (/5) which is then led to the filter (F).
Filtered green liquor (17) is led to the slaking and causticizing line (H) while the dregs
slurry (/6) goes to a filter (G). Washed and dewatered dregs (/&) leave the process
while filtrate from this step is recycled as green liquor (20) and/or as weak wash (27)
depending on its quality. In the slaking and causticizing line (H), burnt lime (22) is first
slaked in green liquor, after which green liquor is causticized through reactions with
Ca(OH),. The slurry (23) of limestone and white liquor thus formed is led to a filter (I).
The filtrate (26) from this step is the white liquor that is employed in the pulping stage.
Water and/or aqueous solution, such as condensate, (27) is added to dilute the lime-mud
filter cake (24) leaving the filter (I), and the diluted lime-mud slurry (28) is led to a
filter (J). Washed and dewatered lime mud (29) is sent to the lime kiln for re-burning
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while the filtrate (37) from this step makes up most of the weak wash that is recycled to

the smelt dissolver.

In the embodiment of the present invention shown in FIG. 2, the spent wash solution (9)
from the lignin-recovery plant is introduced to the smelt dissolving tank (E). In order to
maintain the amount of water in the white liquor at approximately the same level as
previously, the amount of water and/or aqueous solution stream entering the dissolving
tank as stream /4 must be correspondingly decreased. At many pulp mills, stream /4 is
relatively small — or even non-existent. Thus, at many pulp mills, it will not be possible

to apply this embodiment without increasing the amount of water in the white liquor.

Another embodiment of the present new method is depicted in FIG. 3. In fact, the
process depicted in FIG. 3 deviates from that of FIG. 2 only in the different location for
inputting the spent wash solution. In the embodiment of FIG. 3, the spent wash solution
(9) from the lignin-recovery plant is used to substitute part of the water and/or aqueous
solution (27) used for diluting the lime mud before its final washing and dewatering. In
other words, in conjunction with the addition of the spent wash solution, the amount of
water introduced in stream 27 is decreased so that the total amount of dilution water
remains approximately the same. This embodiment is likely to be universally applicable
- the new input in the form of spent wash solution does not measurably contribute to the
contents of problematic impurities in the final lime-mud stream nor does it have a

significant detrimental effect upon the filterability of the dilute lime-mud slurry.

Example

Lignin-recovery technology is applied at a pulp mill producing 2000 t/d of air-dried
pulp (2000 ADt/d). 20 % of the total black-liquor stream of the mill is fed to the lignin-
recovery plant. The dry-solids content of the liquor fed to the plant is 30 %. The lignin
output is 140 t/d of dry matter. Within the lignin-recovery plant, the lignin precipitated
and then separated from the black liquor is washed in two steps, first with an acidic
aqueous solution and then with condensate (the fresh wash medium). H,SO, is the
acidic compound employed in the first washing step. About 620 t/d of spent wash

solution exits the lignin-recovery plant. In accordance with one embodiment of the
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present invention, the spent wash solution is used to substitute some of the water and/or
aqueous solution previously employed for diluting lime mud prior to the final washing
and dewatering of the lime mud. The amount of water in the final white liquor utilized
in the pulping stage is largely unaltered. In this pulp mill, the total amount of water
and/or aqueous solution employed for diluting lime mud is 6500 t/d which is an order of
magnitude larger than the amount of spent wash solution. The dominating components
dissolved in the spent wash solution are Na,SO, and aliphatic carboxylic acids. The
contents of these components in the spent wash solution are as follows:

NaSOy: 6.9 % by weight

Aliphatic carboxylic acids: 2.4 % by weight

The composition of the spent wash solution is such that the solution may be employed
in the dilution of lime mud (1) without measurably affecting the contents of problematic
impurities in the final lime mud going to the lime kiln and (2) without measurably

worsening the filterability of the dilute lime-mud slurry.

The embodiments of the present invention are not limited to those mentioned or

described herein.



20145323 PrRH 06 -07- 2018

10

15

20

25

Claims

1.

16

A method for handling spent wash solution produced in the washing of lignin
that has been precipitated and then separated from spent alkaline pulping liquor,
with at least one washing step being conducted under acidic conditions, wherein
at least part of the spent wash solution is introduced into the chemical recovery

cycle characterized in that the at least part of the spent wash solution is

introduced at a location in that part of the chemical recovery cycle which part
starts at, and includes, the smelt dissolving stage and ends at, and includes, the

pulping stage, which terminates upstream of the first pulp-washing operation.

A method as in Claim 1, characterized in that input of other water and/or
aqueous solution into the chemical recovery cycle is carried out in that part of
the cycle which starts at, and includes, the smelt dissolving stage and ends at,
and includes, the pulping stage, which input is adjusted so that, as a consequence
of the introduction of the spent wash solution, the amount of water in the white

liquor going to the pulping line is not significantly increased.

A method as in Claim 1, characterized in that sulphuric acid is the acid

employed in at least one washing step.

A method as in Claim 1 or 2, characterized in that spent wash solution is
introduced as part of the aqueous medium used (o dissolve smell [rom the

chemical recovery boiler.

A method as in Claim 1 or 2, characterized in that spent wash solution is
introduced as part of the aqueous medium used to prepare diluted lime-mud

slurry prior to final washing and dewatering of the lime mud.

A method as in Claim 1 or 2, characterized in that at least part of the aliphatic
carboxylic acid fraction dissolved in the spent wash solution is recovered from
the solution before the solution is introduced into the chemical recovery cycle of

the mill.
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Patenttivaatimukset

1.

Menetelméd saostetun ja sitten kéytetystd alkalisesta keittolipedstd erotetun
ligniinin pesussa tuotetun kidytetyn pesulinoksen kisittelemiseksi, jossa ainakin
yksi pesuvaithe suoritetaan happamissa olosuhteissa, jolloin ainakin osa
kiytetystd pesuliuoksesta johdetaan kemikaalien talteenottokiertoon, tunnettu
siitd, etti mainittu ainakin osa kéytetystd pesuliuoksesta johdetaan kohtaan
kemikaalien talteenottokierron osassa, joka osa alkaa sulan liuotusvaiheesta ja
kisittdd sen ja péittyy massankeittovaiheeseen ja kdésittdd sen, joka

massankeittovaihe péittyy ennen ensimmaéistd massanpesuoperaatiota.

Patenttivaatimuksen 1 mukainen menetelmi, tunnettu siitd, etti muun veden
ja/tai vesiliuoksen syottd kemikaalien talteenottokiertoon suoritetaan kierron
silnd osassa, joka alkaa sulan liuotusvaiheesta ja késittdd sen, ja péittyy
massankeittovaiheeseen ja kisittdd sen, joka syottd sdiddetéddn siten, ettd kiytetyn
pesuliuoksen syoton seurauksena massankeittolinjalle menevédn valkolipedn

sisdltdimén veden midri el lisddnny merkittavéasti.

Patenttivaatimuksen 1 mukainen menetelmi, tunnettu siitd, ettd kiytetiin

happona rikkihappoa ainakin yhdessi pesuvaiheessa.

Patenttivaatimuksen 1 tai 2 mukainen menetelmé, tunnettu siitd, ettd kiytetty
pesulivos syotetdéin osana kemikaalien (alteenottokierron sulan liuotukseen

kiytettdvid vesiviliainetta.

Patenttivaatimuksen 1 tai 2 mukainen menetelmé, tunnettu siitd, ettd kiytetty
pesuliuos sydtetddin osana vesiviliainetta, jota kdiytetdlin laimennetun

meesalietteen valmistukseen ennen meesan lopullista pesua ja vedenpoistoa.

Patenttivaatimuksen 1 tai 2 mukainen menetelmi, tunnettu siitd, ettd ainakin
osa kiytettyyn pesuliuokseen liuenneesta alifaattisesta
karboksyylihappofraktiosta otetaan talteen linuoksesta ennen kuin liuos syotetiin

tehtaan kemikaalien talteenottokiertoon.
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