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(57) Abstract: The present invention relates to a
method for separation of lignin from original black
liquor (BLIN) comprising a first precipitation stage
(PR) for precipitation of lignin by a first acidifica-
tion using acidifier AC, preferably using CO2, at al-
kaline conditions, then separating a lignin cake with
subsequent suspension of the lignin cake in a strong
acid in order to leach our metals from the lignin fol-
lowed by dewatering and obtaining a clean lignin
product LP. According to the invention is the pro-
cess further improved by intensified hydrolysis of
lignin cake such that most of the carbohydrates are
broken down to dissolvable monomers that could be
separated from the lignin in the filtrate from a filter-
ing stage subsequent to the hydrolysis. The im-
proved hydrolysis could reduce as much as 90% of
the carbohydrate content using a moderately in-
creased temperature and increased charge of acidifi-
er while avoiding any larger lignin yield losses.
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Method for producing high purity lignin

Technical Field

This invention relates to a method for producing high purity lignin, wherein lignin is
separated from spent cooking liquor, called original black liquor, using a precipitation

process.

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

2006/031175 and WO2006/038863. These patents disclose the novel process
LignoBoost™ that is now sold by Metso, and wherein WO 2006/031175 disclose the
basic two stage acidic wash process and W0O2006/038863 disclose an improvement

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

The LignoBoost™ process was originally developed for production of an alternative
bio-fuel, where main focus was at reduction of residual metal content, especially
sodium, as the residual metal content may corrode boiler or burners using the lignin
fuel. In this objective to reduce residual metal content it was shown that it was very
important to maintain the process at the acidic side, and leaching and washing of
lignin was kept at pH between 2-3 avoiding redeposition of metals, especially
sodium, on the lignin.

An important aspect of the process is that the required charge of chemicals/acidifiers
for the acidification and leaching of metals and subsequent washing 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 or acidifiers, keeping operational costs
down and thus making the lignin product commercially sound.

Another consideration is to minimize the acidic waste flows from the process as
conventional recovery of spent chemicals may be impeded if volumes of acidic waste
flows increase in relation to the alkaline bulk volume of black liquor being recovered.
Most often must acidic waste flows be handled separately if volumes are excessive
which increase investments costs in recovery systems as well as operational costs of

the mill.
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Acidifiers in form of mill generated waste flows is thus preferable as it may both solve
a waste disposal problem and lessen environmental impact as well as such usage
would decrease costs for new chemicals. As the precipitation of lignin requires
acidification of alkaline black liquor flows, much of the total amount of acidifier is used
to decrease the pH level down to the point of where lignin starts to precipitate. The
first stage reaching this pH level typically reduce the pH level from about pH 13 in the

original black liquor down to a pH level about 9,5-11,5.

The LignoBoost™ process produce a lignin product which if used as fuel is
classified as a “green” fuel as being based upon recovered fuel. The idea with
classification of “green” fuels is based upon the concept not to increase the carbon
dioxide footprint, i.e. the emissions, by burning fossil fuels. The most promising acids
for this process is carbon dioxide for at least initial precipitation of the lignin, and then
using sulfuric acid (H.SQO4) for washing and leaching out metals from the lignin. The
sulfuric acid could be added as a fresh sulfuric acid from a chemical supplier, or as
preferred using so called "spent acid" from a chlorine dioxide generator often used at
a pulp mill. The latter usage of this spent acid already at hand in most mill sites

further emphasize that the lignin product is considered as a “green” fuel.

However, interest in lignin as a base product for further usage has caught interest

and in some applications further requirements on the lignin product is emphasized.

In US4.891.070 is disclosed a method for producing an improved aqueous printable
ink composition from lignin. In this process extracting the lignin from the black liquor it
is essential that the pH is not allowed to drop below pH 5 and adding an organic
amine forming a lignin amine salt solution. In US4.891.070 is also disclosed other
various methods of recovery, purification, and modification of lignin by-products as
disclosed in US patents No: 2,525,433; 2,680,113; 2,690,973; 3,094,515; 3,158,520;
3,503,762; 3,726,850; 3,769,272, 3,841,887, 4,001,202; 4,131,564, 4,184,845;
4,308,203; and 4,355,996 and concludes that generally the processes for obtaining
purified lignin, includes pH decrease of black liquor to about 9,5 with subsequent
acidification of the precipitate to a pH of about 1,5 to 4, followed by water washing to
displace inorganic salts and impurities therein. However, no indication of hydrolysis

of carbohydrates is shown. Thus, it could be concluded that extensive research work
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has been invested over several decades in finding the best process for obtaining a

purified lignin product.

The original LignoBoost™ bio-fuel product produced a fuel with low residual levels
of sodium and as it was used as a fuel no attention was drawn to the fact that the
lignin fuel often had high levels of hemicelluloses, i.e. carbohydrates, as also
hemicelluloses contributed to heat value of the fuel, even if the specific heat value of
hemicelluloses is lower than pure lignin.

As the LignoBoost™ use black liquor from kraft pulping processes the hemicellulose
content may vary considerably, and from worse case scenarios using cooking
techniques like Lo-Solids Cooking could as much as 8-10% of the final lignin product

correspond to hemicellulose/carbohydrate content.

Now is lignin considered also for usage in production of spun fibers, used when
producing light weight construction details in automobiles and airplanes. But in this
process the lignin purity must be higher and residual levels of hemicelluloses must be
very low, well below 1 wt-%. In other applications are lignin also considered for
production of chemicals and in these processes is higher lignin purity also a

requirement.

It is known from handbooks in pulping processes that hemicelluloses could be
removed from biomass in acidic prehydrolysis, which often was conducted at rather
high temperatures. Prehydrolyse stages in pulping are typically conducted on the
wood material at rather high temperatures, i.e. at about 170°C in auto- or water
hydrolysis and some 120-140°C when wood material is slurried in dilute acid, all
depending upon the established pH level (higher pH required higher temperature). In
some applications have also prehydrolysis of wood chips been performed in strong
acidic solutions (20-30% HCL at 40°C), but this process led to extensive lignin
destruction as well as alpha cellulose losses. Thus, if hemicellulose is to be removed
selectively has always diluted acids been used. The dissolved hemicelluloses may

also be further degraded at acidic conditions.

However, lignin is also known to decompose to solvable lignin if subjected to heat

treatment at about 190°C or higher, so the problem to reduce hemicelluloses content
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in a lignin product is not that obvious while maintaining the lignin yield high as well as
reducing consumption of acidifiers and keeping acidic waste flows low. A major
concern when using the LignoBoost™ process has been the filterability of the lignin
throughout the process, and heating of lignin is well known to cause softening of the
lignin and that negatively affects filterability. So, solving the problem with
carbohydrates in lignin is not that obvious as lignin yield should be kept high while

carbohydrate content should be kept low.

Summary of the invention

The invention is based upon the surprising finding that an extensive hydrolysis of the
lignin cake in the LignoBoost™ process could reduce the carbohydrate content in
the lignin product considerably without any major losses in lignin produced. The
major part of the non soluble carbohydrate oligomeres are broken down to
dissolvable monomers that easily could be separated from the lignin in the filtrate

from a filtering stage subsequent to the hydrolysis.

Further, by implementing the hydrolysis in the reslurrying of the lignin cake filtered
from the original black liquor flow could the liquid volumes needing heating be
reduced considerably compared to implementing a hydrolysis of the original black

liquor flow.

Thus, the invention is related to a method for separation of lignin from original black
liquor (BLin) having a first alkaline pH value, comprising the following stages in
sequence:

a first precipitation stage (PR) wherein an acidifier charge is added to the
original black liquor in order to decrease the pH value of the original black liquor
to a second pH level initiating precipitation of lignin whereby said second pH level
is above pH 7 and below 11.5,

followed by a first separation stage (FP1) wherein the precipitated lignin
is separated as a lignin cake (LIG4) with a content of carbohydrates from the
remaining liquid phase of the acidified original black liquor still kept in the pH
range from neutral to alkaline,
characterized in that

lignin from the lignin cake with a content of carbohydrates is mixed in a
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subsequent stage with a second acidifier added to the lignin cake forming an
acidic slurry establishing a pH value in the range 1-3,
establishing a reaction temperature in the range 100-140°C in the acidic
slurry,
maintaining the acidic slurry at the reaction temperature for a reaction
time period during which at least 60% of the carbohydrates content is hydrolysed,
said reaction time period resulting in a P-factor less than 20,
followed by a second separation stage in which the treated lignin content is
separated from the acidic slurry and the carbohydrates dissolved in the acidic slurry

forming a low carbohydrate lignin cake.

By this establishment of this low pH level in the re-slurried lignin cake as well as
establishment of a rather modest temperature in this range for a period of time such
that 60% of the carbohydrates content is hydrolysed, i.e. the non soluble oligomeres
broken down to soluble monomers, could the lignin product reduce carbohydrate

content with low loss of lignin and at less heating requirements.

According to a preferred embodiment of the inventive method is the reaction
temperature in the in the acidic slurry in the range of 100-120 °C and that the reaction
time period during which at least 60% of the carbohydrates content is hydrolyzed is in
the range 10-60 minutes in inverse proportion to temperature, keeping the amount of
lignin dissolved from the lignin cake below 15%.

By these method steps could the yield losses of lignin be reduced, and as shown in

laboratory tests be kept at about 8%.

According to another embodiment of the invention is also a cooling effect introduced
such that after the acidic slurry has been kept at the reaction temperature for a
reaction time period during which at least 60% of the carbohydrates content is
hydrolyzed, said acid slurry is subjected to cooling before subsequent separation of
the treated lignin content. By this cooling effect directly after the hydrolysis could
further lignin degradation be reduced, keeping the lignin yield high.

Further according to a preferred embodiment, if the cooling effect is implemented
such that the acidic slurry is cooled in an indirect heat exchanger against an acidifier

to be used as the second acidifier, thereby reducing the temperature of the acidic
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slurry by at least 40 °C. The heat economy of the process will this be improved as the

heat value from the hydrolysis liquid is transferred to the acidifier used for hydrolysis.

According to an alternative or complementary embodiment of the invention are
reaction conditions established such that the acidic slurry has been kept at the
reaction temperature for a reaction time period during which at least 60% of the
carbohydrates content is hydrolyzed, said reaction temperature and time period
corresponding to a P-factor not exceeding the P-factor established at a reaction

temperature of 120 °C and a time period of 60 minutes, i.e. a P-factor below 8.

Further in yet better mode in reaction conditions established such that the acidic
slurry has been kept at the reaction temperature for a reaction time period during
which at least 90% of the carbohydrates content is hydrolyzed, said reaction
temperature and time period corresponding to a P-factor equivalent to or exceeding
the P-factor established at a reaction temperature of 100 °C and a time period of 60

minutes, i.e. a P-factor above 1.

According to yet another embodiment of the invention is the lignin cake subjected to
an additional acidification to a pH of at least 2-4 or lower followed by a third
separation of a third lignin cake as an additional treatment stage for leaching metals
from said lignin cake, said additional treatment made either before or after obtaining
the low carbohydrate lignin cake. By this embodiment could residual
monosaccharide’s be leached out from the lignin cake as well as residual metal
content, as the acidic conditions in the leaching water is maintained avoiding
redeposition of metals and/or monomers. Preferably is also the lignin cake washed
with washing water at a pH of at least 2-4 or lower after at least one of the separation

stages.

It is intended throughout the present description that the expression "separation
stage" embraces any means of separation. Preferably the separation 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.
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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
may also have passed through separation processes for extracting turpentine or
other specific constituents, while keeping the bulk volume of dissolved lignin

unaltered.

In following description is the P-factor used, and corresponds to the recorded
temperature/time data using an activation energy of 125.6 kd/mol for the xylan
removal (see Sixta, H. “Multistage kraft pulping” 2006, Handbook of Pulp, Wiley-
VCH, Weinheim, pp. 325-365) during auto hydrolysis. The actual P-factor for different

temperatures and retention time could be seen in below table.

P- Factor
P-factor = (e*(40.48-15106/(273.15+temp))*time/60
Acc to Herbert Sixta Handbook of pulp, page 344

Time |Temperature °C

Min 80 100 120 140 150 160 170

149 340 746

1359

2986

300 1 5 39 251 596
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According to the invention it has been surprisingly found that a successful removal of
carbohydrates at low lignin yield losses has been obtained by implementing a
hydrolysis at moderate conditions, corresponding to a P-factor well below 20, and

preferably in the P-factor range 1-10.

Short description of the figures

Fig. 1 shows the basic steps in prior art lignin separation process according to WO
2006/031175;

Fig.2 shows the liquid balance established in last two stages when using a process
shown in Fig.1;

Fig. 3 shows content of the separated lignin using a process shown in Fig.1;

Fig. 4 shows a principle modification of the process shown in Fig. 1 establishing a
first alternative for the inventive method;

Fig. 5 shows the liquid balance established in last two stages when using a process
as shown in Fig.4;

Fig. 6 shows a principle modification of the process shown in Fig. 1 establishing a
second alternative for the inventive method:.

Fig. 7 shows the liquid balance established in last two stages when using a process
as shown in Fig.6;

Fig. 8 shows the the content of the lignin material before and after using the inventive
method at different hydrolysis conditions;

Fig. 9 shows the residual carbohydrate content as a function of time and
temperature;

Fig. 10 shows how the hydrolysis results in purified lignin fraction and another

fraction dissolved in the hydrolysis liquid.

Detailed description of the invention

As a starting point for the invention was the LignoBoost™ process used, which is

shown in principle in figures 1 and 2.

In figure 1 is the process according to WO 2006/031175 shown. The separation of
lignin from original black liquor BLy comprising the following stages in sequence:

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

dewatering while forming a first filter cake LIG1 with high content of
lignin, said dewatering made in any suitable filter press FP4, which may drain a first
filtrate REC, from the lignin suspension. In order to reduce the amount of liquid in the
filter cake LIG1 gas may be blown trough the lignin cake in order to displace any
residual black liquor (not shown), and subsequently

suspending the first lignin filter cake LIG+ in a second acidification stage
SS using a second acid or mixture of acids AC,, said suspension made in any
suitable suspension tank. In this tank a second lignin suspension is obtained.

The second lignin suspension is thereafter sent to a dewatering and
washing stage FP, & DW forming a second filter-/lignin cake LIG, with high content
of lignin. Said dewatering made in any suitable filter press FP;, which may drain a
second filtrate REC, from the lignin suspension, and at least a portion of this second
filtrate REC, may be re-circulated back to the suspension stage. Washing of the
second filter cake is made in any suitable wash apparatus DW, adding a wash liquid

W to this washing stage.

In view of the objective to obtain a purified lignin product having low residual levels of
metal, especially sodium, while consuming less acidifiers and hence produce less
volume of acidic waste flow volumes, and at low costs for acidifiers, some process
conditions have been found best suitable. It has been found that carbon dioxide is
the preferred first acidifier AC1 as carbon dioxide may be found in waste gases in a
pulp mill. Hence, using carbon dioxide in waste gases solves both a waste gas
problem as well as decrease of external chemicals. The conditions in the first
precipitation stage is kept at a pH in the range 9-10, i.e. still alkaline, which results in
that the bulk volume of black liquor BLy treated in the precipitation stage is kept in
the filtrate REC4 and may thus be reintroduced to the recovery operations without
inflicting any dramatic pH changes in the recovery process. The relatively small
volume share of the lignin cake LIG1 is the only volume needing further acidification
for leaching of metals from the lignin, which means that the volumes of the second
acidifier AC; is low in relation to original black liquor volumes. In order to obtain
sufficient leaching of metals the leaching process has been kept at operating

conditions at pH 2-4 at 50-60 °C. A lignin product could be produced at these
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conditions with very low residual content of sodium, thus suitable as a fuel in

combustion plants.

Fig.2 shows the liquid balance established in last two stages when using a process
shown in Fig.1. Here is the FP, & DW stage shown as separated stages. The first

lignin filter cake LIG is acidified using sulfuric acid, i.e. HoSO4.

In Fig.3 is shown the organic composition of the lignin cake obtained by using a
process according to Fig.2, when treating an original black liquor obtained form a
Soda-AQ cooking process with so called Lo-Solids cooking circulations during the
cook. Lo-Solids implies that black liquor is withdrawn in several positions during the
cook and replaced with cooking liquor with low content of Dissolved Organic Material,
i.e. DOM. This result in that both lignin and carbohydrates, i.e. hemicelluloses, is
withdrawn from cook and ends up in the black liquor. As shown in the 3 lignin
samples BL3, BL3 and BL2 obtained is the carbohydrate content as high as between
10.1 to 11.2 %. The relative composition of carbohydrates is shown in lower part of

the table and as much as 85.5 to 86.5% of the carbohydrates consist of Xylose.

In figure 4 is shown a first preferred embodiment of the inventive method. The new
method steps as compared with the previous process shown in figure 1 and 2 is the
intensified acidification of the lignin cake LIGy and moderate heating of the acidified
and reslurried lignin cake LIG1 in the second acidification stage SS using a second
acid or mixture of acids AC,. The advantage with this embodiment is that no
additional equipment is needed in comparison to the previous process as shown in
figure 1, besides additional heating and addition of more acidifier. Fig.5 shows the
liquid balance established in last two stages when using the first preferred
embodiment of the inventive method shown in Fig.4. In comparison with the liquid
balance as disclosed in Fig.2, is the amount of added sulfuric acid increased from
200kg up to 390kg per ton of lignin produced, i.e. an increase of about 95%. The
charge of fresh sulfuric acid is 310kg obtaining 0,8 t of lignin, which results in a
relative charge of 310/0.8 = 387kg per ton of lignin produced. As a result of the
moderately intensified conditions in the second acidification stage is almost all of the
carbohydrate content broken down to soluble monomers. As could be seen in this

first preferred embodiment is the only additional equipment needed an heat
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exchanger HE and a somewhat larger pressurized vessel for the re-suspending and

hydrolysis stage, but at some larger charge of acidifiers.

In figure 6 is shown a second preferred embodiment of the inventive method. In
contrast to the first embodiment shown in figure 4 is the carbohydrates removed in an
additional purification stage added after the process as shown in figure 1 and 2. Fig.7
shows the liquid balance established when using as additional purification stage
according to the second preferred embodiment of the inventive method shown in
Fig.6. In comparison with the liquid balance as disclosed in Fig.2, is the amount of
added sulfuric acid per ton of lignin precipitated increased from 200kg from figure 2
up to 250kg, i.e. a modest increase of about 25%. The charge of fresh sulfuric acid is
made by adding only 20 kg to the resuspending stage while 180 kg fresh sulfuric acid
is added to re-slurry stage (as about 20 kg is contained in Acid purge flow which
results in same total charge of 200 kg in this position as in figure 2) obtaining 0,8 t of
lignin, which results in a relative charge of 200/0.8 = 250kg per ton of lignin
produced. The reasons for the modest increase of acidifier is that the intensified
acidification to a pH of about 1,3 in last re-suspending and hydrolysis, compared to a
pH of about 2-3 in preceeding stages, is that a large part of the acidic filtrate is
returned from a subsequent filtration stage, i.e. about 3,6 t liquor, while 0,78 t of the
filtrate, i.e. more than 20% of the filtrate, from the filtration is purged from the stage
and sent to first reslurry stage. Hence, the addition of fresh acidifier should replace
the amount purged from the stage. A result of the moderately intensified conditions in
the second acidification stage is that almost all of the carbohydrates are broken down
to soluble monomers. As could be seen in this second preferred embodiment is the
required additional charge of acidifiers reduced considerably but instead is additional
equipment needed in form of additional pressurized vessel for the re-suspending and

hydrolysis stage and following filtration and washing stages with associated piping.

The first preferred embodiment results in reduced investment costs, if this is the
primary objective, and the second preferred embodiment results in reduced operating
costs as the charge of acidifiers is reduced considerably, and the second preferred
embodiment is justified if available space is at hand at the mill for the extra
equipment and the pay-off time is acceptable (cost for chemicals VS investment

costs).
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CARBOHYDRATE REMOVAL EXPERIMENTS

Carbohydrate removal was tested in laboratory using a 0,5 liter mechanically stirred
reactor using lignin obtained from black liquor. 10-15 g of owen dry lignin suspended
in 200 ml liquid was used in each test. The conditions for the carbohydrate hydrolysis
tested was in the temperature range 80-120°C, at reaction time 10-60 minutes and at
an established acidity of 0,5-4% H,SO4.

After the hydrolysis was the solid product carbohydrate content analyzed using acid
hydrolytic method (HPAEC+PAD detection of sugars). The dissolved lignin content in

the filtrate was analyzed with UV analysis.

The constitution of the starting lignin material was as indicated in Fig.8. and several
experiments were done, and results are plotted in Fig. 9. What could be seen here is
that all tests done at a hydrolysis temperature of 120°C all achieved a residual level

of carbohydrates under 1 wt-%.

One test done at 100°C and at retention time of 60 minutes achieved a residual level
of carbohydrates under 1 wt-%. It is thus clear that the minimum P-factor for
achieving a carbohydrate content below 1 wt-% corresponds to this test point. Using
the P-factor as defined by H.Sixta this lower operating point corresponds to a P-
factor of about 1. And the tests have done at 120°C indicate that there is not much to
be gained by increasing the retention time more than 10 minutes at 120°C. Using the
P-factor as defined by H.Sixta this upper operating point corresponds to a P-factor of

about 8 if retention time is 60 minutes.

Thus it is clear that a reasonable upper limit of the P-factor corresponds to this point,
as increase of retention time to 30 and 60 minutes would not decrease carbohydrate
content in any major regard and further increase of P-factor would likely induce

losses in lignin yield.

The final result of the carbohydrate removal is shown in principle in Fig.10. As shown
in this figure is some 17-20 wt-% of the initial lignin lost as dissolved carbohydrates
and dissolved lignin in roughly about 50/50 proportions. As about 8% of the lignin
content is dissolved roughly 9-12% of the initial lignin content of carbohydrates is

dissolved amounting to more than 90% of the total carbohydrate content. The purified
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lignin after the hydrolysis is then sufficiently clean for other purposes where residual
carbohydrate content must be below 1-wt%, and the lignin fraction of the initial lignin
suffers a yield loss below 10%. The test examples was all conducted at a charge of
H.SO4 of 1.0 wt-%, which was found to be sufficient in order to establish a pH level of

about 1.3 in the hydrolysis stage.
POSSIBLE MODIFICATIONS

Other acidifiers than H,SO4 may be used, but sulfuric acid is preferred as sulfur is a
common chemical component in black liquor in kraft pulping. However there may be
a need for purging sulfur in order to keep the sodium/sulfur balance of the mill. Using
HCI as an alternative acidifier is often not preferred as it will introduce chlorides into

the chemical cycle of the mill.
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CLAIMS:

1. A method for separation of lignin from original black liquor (BLin) having a first
alkaline pH value, comprising the following stages in sequence:

a first precipitation stage (PR) wherein an acidifier charge is added to the
original black liquor in order to decrease the pH value of the original black liquor to a
second pH level initiating precipitation of lignin whereby said second pH level is
above pH 7 and below 11.5,

followed by a first separation stage (FP1) wherein the precipitated lignin is
separated as a lignin cake (LIG1) with a content of carbohydrates from the remaining
liquid phase of the acidified original black liquor still kept in the pH range from neutral
to alkaline,

lignin from the lignin cake with a content of carbohydrates is mixed in a
subsequent stage with a second acidifier added to the lignin cake forming an acidic
slurry establishing a pH value in the range 1 -3,

establishing a reaction temperature in the range 100-120°C in the acidic slurry,

maintaining the acidic slurry at the reaction temperature for a reaction time
period during which at least 60% of the carbohydrates content is hydrolysed, said
reaction time period is in the range 10-60 minutes and in inverse proportion to
temperature, keeping the amount of lignin dissolved from the lignin cake below 15%,

said reaction temperature and time period corresponding to a P-factor as
calculated by the formula P-factor = e*(40.48-15106/(273.15+temp))*time/60,

keeping the acidic slurry at the reaction temperature for a reaction time period
corresponding to a P-factor above 1 and below 8,

followed by a second separation stage in which the treated lignin content is
separated from the acidic slurry and the carbohydrates dissolved in the acidic slurry
forming a low carbohydrate lignin cake,

characterized in that
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after the acidic slurry has been kept at the reaction temperature for a reaction
time period during which at least 60% of the carbohydrates content is hydrolyzed,
said acid slurry is subjected to cooling before subsequent separation of the treated
lignin content.

2. A method according to claim 1, characterized in that after the acidic slurry is
cooled in an indirect heat exchanger (HE) against an acidifier to be used as the
second acidifier, thereby reducing the temperature of the acidic slurry by at least
40°C.

3. A method according to claim 1, characterized in that the lignin cake is
subjected to an additional acidification to a pH of at least 2-4 or lower followed by a
third separation of a third lignin cake as an additional treatment step for leaching and
washing metals from said lignin cake, said additional treatment made either before or
after obtaining the low carbohydrate lignin cake.

4. A method according to claim 1 or 3, characterized in that the lignin cake is
washed with washing water at a pH of at least 2-4 or lower after at least one of the
separation stages.

CA 2898449 2020-03-24



CA 02898449 2015-07-16

WO 2014/116150 PCT/SE2013/050051
1/10

N
o
- T
<
.5
= O
2 b Q.
ol %)
N wl
Q. o
hi
N
I
[« N
(/2]
(/)]
- 3}
o. 1T}
I.I..‘ m o
-
N
I
o
m -
o g

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

PCT/SE2013/050051

WO 2014/116150

2/10

vy Jold
AL

OTH1S0
uudi iy

2911

¢-Z=Hd

kY

-

mmm—m— - -

. Bulysem

YOSH
A s 203y
% ¢T =~Sqaionbi|1 /'€
' b
lonbiiigg

2.09-06 = L
¢-Z Hd
........................................................... L'y=Si

" uonenjd jonbj1 /2y

uugiy T

l\ . s

[
)

Jdonbi| ysem

Y
Mma

<

. Jonbi3t
sonbi7'y | 3% 007 Sy T
wuby 3 | YOS°H 'O

Y - \ Y /
tdd SS

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

PCT/SE2013/050051

WO 2014/116150

3/10

Uy JoLd

¢ "Bi
1U9lu00 IleIpAyoqied |Bejo] ho M-95 e
SQ Jo M-9;, ,
10 10 L0 1% asouuey
198 G 98 568 % 9S0|AX
8/ 69 Z6 % 3500N|9
6¢C 1'g 8¢ % asopeles
0¢ v'e vz % asoulgesy
‘sajespAyoqied
Jo uonisodwod aaneRy
160 M-% SaAIJIBNXT
80l L0l Z'Ll M=% sajeipAyoqie)
aa v'9l 5€El M-% uluby s|gnjos pioy
06, Gl St M9 uubi| uose|y
z2g o [ o = .Jonbif ¥2e1q woly ulubi

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

WO 2014/116150 PCT/SE2013/050051
4/10

FP, & DW
REC,
Fig. 4

pH 1-3

HEAT

N/

FP,
A

N

pH 9-10

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

PCT/SE2013/050051

WO 2014/116150

5/10

G ‘b1

% 0¢ ~Sa

€T Hd

ionbnyge

A > 203
8'T Hd
Jjonb1118°C R 3
\/ N
Buneay
Lo |eAOWaL
OZH1V 0 0,090~ 1 0.0906 <= 1 o ¢ Hd [e1eipAyoqued +
ulusy 1 8°0 §9/5¢ = 811 F 05/0S "= S:1 Buijoon MIw 09-0) ~owI]L Adin|s-ay
T en T Buiysem opesiid -2 | 0.0ZL-00L =1L [
3H
\‘, /x g ionbnitg
M OTE g
(vOSTH) 10nbr118°0 o uiu ,m_w_ T
z=pd ~ OCHIVL s 180
v'e=H Jonbig ysepp
_ Y, g
N ' (. ~ J
ma zdd SS

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

PCT/SE2013/050051

WO 2014/116150

6/10

9 b4

3Ovis
NOILYIIdIdNd
TYNOILLIaQQY

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

PCT/SE2013/050051

WO 2014/116150

7/10

L B4

lonbiy3 ¢y

Jonbi713 g0
ulubi| mel} |
ol
G‘l Hd
lonbi730'¢
O°H190 —>
I - - womm_i v;_ e
ajes3|y ysem
O°H31¥'0
uluby| payund ) g' P
d
on Buiysepn
=7 ("OS%H)

9Z=Hd  oy30¢
Jonbij ysepp

. donbiq 3 8‘0
* wubl 180

O*H168'0
YOS?H bY 02
YOS?H

0.021-00L = L

el = Hd
2’6 =S

_ > 203y
sonbr3 g'¢
Aunjs-ay
Jonbi13 |
/ uiubi med 3 |
" 1ony | [L——on
m.._: 1810
ulubi i | YOSZH 39V1S ANTC
1S00490N9I
aband pioy ho%%__hqu.m_m-

sISA|OIpAH B
8uipuadsns-ay

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

PCT/SE2013/050051

WO 2014/116150

8/10

g B4

sasojuad 104 880 ummvaxmr* 10} 06°0 -pP=28h S10]0B} UOISIaAUO)

99 VL 0> L9 1A 0 10 08 0t 071 €€
9¢ 0t 0> LT 0 10 10> 00T 013 01 43
<0 0 o> 0 10> 10> 10> 0ct 0}3 07 1€
VL '8 0> VL S0 €0 0 08 o1 07T C
9'S €9 0> LS [ 0 10 001 Ol 01 1¢
vo Vo 0> £0 10 10> 10> 0cl o1 01 4!
S0 S0 0> o 10 10> 10> oct ot 01 17
LS €9 ¢0> 8'G (A [AL 10 08 09 oL 14
L0 60 ¢0> 0 G0 L1'0> 10> 001 09 o'l €
9°0 L0 0> 0 S0 10> 10> oct 09 07 [4
6L 0’6 10 S/ 80 v'o 0 - - - |etsaew 3unuels

doot/8  Bootr/8 | 3001/8 B001/8 8001/8 B00T/8 F001/3 | D, uiw - uonn|os

«IpAyue  pazAjeue | ‘Ajeuy  Ajeuy cAjeuy cAjeuy Ajeuy Ul M-9
SHVONS TviOL uepy IAX nio [29) ely dwayp oy YOSCZH "ON 1dx3

(wnnge1) synsay sisAjeuy ‘yoqied

suolllpuod [eyuawiiadx3

SUBSTITUTE SHEET (RULE 26)



CA 02898449 2015-07-16

WO 2014/116150 PCT/SE2013/050051
9/10
£ £ ¢t
£E £ £
O O O
(—U ~— o O
e L 3 X
3]
]
© @)
£ -9
(V)
£
fren
p -
©
et
‘ [7,)
o
; - A

110

Acid Treatment Temperature (oC)

()
i h —
¢ 0o x 8
O
(0)]
|
©C ©o o o o o o o o9

o0 P~ 0 7] < o o — o
(m-94) anpisas pijos ui (ssedns apAyue)
JUdu0d despAyoqsed |eiog

SUBSTITUTE SHEET (RULE 26)

Fig. 9



PCT/SE2013/050051

WO 2014/116150

10/10

E
SyUN-Mm 0Z°LT syun-m €808

uiug)j payjland uj pauanodal si 3s|a SuiylAiang =t

(s1sAjeue uiudij-AN 218SAJOIPAY WOL) SSAJOSSIP UIUSI[ JO 94 8 -t
( sisAjeue ‘yogqien
ANPISAL PIJOS WOUY) INOSSIP sa1edpAyoqied Jo 906 N
siseq uoiejnojed
uonnossip mwm”g
|B103 Ul S}UN-m 00T
1
L
"S1a30 __

uiugi
‘yoqued

ujusi)
paijlind

sisAjo1pAy

ulusi| jentu

SUBSTITUTE SHEET (RULE 26)



FP;
A

N4




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - CLAIMS
	Page 17 - CLAIMS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - REPRESENTATIVE_DRAWING

