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PROCESS FOR PRODUCING CARBON FROM HEAT TREATED
LIGNIN

Field of the invention

The present invention is directed to production of granular carbon, prepared

from lignin.

Background

Carbon enriched maternials can be used for various end-uses, such as bio-

chars, activated carbons and electrode materials.

in conventional processes of converting biomass into carbon-enriched
intermediates, powders are often avoided. Direct use of lignin, as a fine

powder, is not suitable since it exhibits undesired thermopiastic behaviour.

During thermal conversion of lignin powder into carbon-enriched
intermediates, ignin undergoes plastic deformation/melting, aggressive
swelling and foaming. Combined with the strong tendency for dust formation
during handling, this severely limits processability of lignin in industrially
relevant scale, in terms of equipment dimensioning and process throughput

as well as need of intermediate processing.

it would be desirable to use lignin as an alternative {0 fossil-based carbon-
containing materials. Lignin, an aromatic polymer is a major constituent ine.g.
wood, being the most abundant carbon source on Earth second only to
celiulose. Inrecent years, with development and commercialization of
technologies to extract lignin in a highly purified, solid and particularized form

from the pulp-making process, it has attracted significant attention as a
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possible renewable substitute {o primarily aromatic chemical precursors

currently sourced from the petrochemical industry.

However, to use lignin as a raw material for economical production of carbon
enriched materials, such as bio-chars, aclivated carbons and electrode
materials, it would be necessary to avoid that the lignin undergoes plastic

deformation/melting, aggressive swelling and foaming upon heating.

LS6089890 describes a method of fabricating a carbon material, which
involves the steps of mixing a lignin powder with a salt and then heating the
mixture in several steps, involving a carbonization step. According to
USB098980, foaming is reduced during heating. However, the salts used are
expensive and not compatible with a large-scale process. In addition, the

salts will remain in the carbon material unless removed by a washing step.

Methods of reducing melting of lignin during heating involve modifying lignin
powder with maleic acid as described in JP2015067514, and hydrothermal
carbonization treatments of lignin solutions prior to carbonization as described
in US2016230099 and JP2011178851.

However, there remains a need for a simple and scalable method of obtaining
fignin that can be heat treated with retained shape and dimension (o obtain

granular carbon.

Summary of the invention

it has surprisingly been found that lignin which has undergone agglomeration
into macroscopic particles and been thermally stabilized can be heat treated
with retained shape and dimension, avoiding melting/swelling deformation.
Thereby, production of carbon enriched materials for various end-uses, such
as bio-chars and activated carbons, is facilitated and the process avoids

dusting. It has been found that a previously agglomeratad lignin which has



10

i5

20

25

30

WO 2021/250604 PCT/1IB2021/055103

been thermaily stabilized will continue o retain its dimensional integrity during

further processing into carbon-enriched products. In addition, the obtained

granular carbon is essentially spherical and therefore suitable for example for

use in filters and other applications in which essentially spherical granular

carbon is advantageous.

The present invention is directed {o a process {0 produce granuiar carbon,

said process comprising the steps of

a)

b)

<)

providing agglomerated lignin having a particle size distribution
such that at least 80 wt-% of the agglomerates have a diameter
within the range of from 0.2 mm o 5.0 mm;

heating the agglomerated lignin to a temperature in the range of
from 140 to 250°C for a period of at least 1.5 hours, to obtain
thermally stabilized agglomerated lignin;

subjecting the thermally stabilized agglomerated lignin to heat
treatment at one or more temperatures in the range of from 300°C
to 1500°C, wherein the heat treatment is carried ouf for a total time

of from 30 minutes to 10 hours, to obtain granular carbon.

Preferably the particle size distribution of the agglomerated lignin obtained in

step b) is such that at least 80 wi-% of the agglomerates have a diamester

within the range of from 0.2 mm o 5.0 mm.

Preferably, the agglomerated lignin used in step a) is produced by

providing lignin in the form of a powder, whergin the particle size
distribution of the lignin in the form of a powder is such that at least
80 wt-% of the particies have a diameter less than 0.2 mm and a
moisture content of less than 45 wit-%;

compacting the lignin powder of step 1);

crushing the compacted lignin obtained in step 1),
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v,  optionally sieving the compacted lignin obtained in step i) to
remove particles having a particle diameter below 100 ym, thereby
obtaining the agglomerated lignin having a particle size distribution
such that at least 80 wi-% of the particles have a diameter within

the range of from 0.2 mm to 5.0 mm.

Preferably, the product oblained in step i is subjecied to sieving in
accordance with step v, Preferably, in step iv, the sieving is carried out such
that the agglomerated lignin oblained has a particle size distribution such that
at least 80 wt-% of the particles have a diameter in the range of from 0.5 mm

to 2.0 mm, more preferably 0.5 mm to 1.5 mm.

The compaction may be carried out without addition of any additives to the
material to be compacted. in the context of the present invention, an additive
is a substance that is added {o the process to improve adhesion between the
lignin particles. Thus, additives are substances that are added, but that are
not present in the lignin that is the starting material in step a). Thus, neither
moisture, such as water, nor other components already present in the lignin
that is the starting material in step i), are considered additives in the context

of the present invention.

Detailed description

it is intended throughout the present description that the expression "lignin®
embraces any kind of lignin, e.g. lignin originated from hardwood, softwood or
annular plants. Preferably the lignin is an alkaline lignin generated in e.g. the
Kraft process. Preferably, the lignin has been purified or isolated before being
used in the process according to the present invention. The lignin may be
isolated from black liguor and optionally be further purified before being used
in the process according to the present invention. The purification is typically
such that the purity of the lignin is at least 80%, preferably at least 35%, more
preferably at least 98%, most preferably at least 99%, 99.5% or 88.9%. Thus,
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the lignin used according to the process of the present invention preferably
contains less than 10%, preferably less than 5%, more preferably less than
2% impurities. The lignin may be separated from the biack liguor by using the
process disclosed in WO2006031175.

in the context of the present invention, the diameter of a particle is the
equivalent spherical diameter of the particle, if the particle is not spherical.
The equivalent spherical diameter is the diameter of a sphere of equivalent

volume.

Preferably, the agglomerated lignin is prepared by a process comprising the

steps of

. providing lignin in the form of a powder, wherein the particie size
distribution of the lignin in the form of a powder is such that at least
80 wt-% of the particies have a diameter less than 0.2 mm and a
moisture corntent of less than 45 wit-%;
i compacting the lignin powder of step 1),
. crushing the compacted lignin obtained in step i),
optionally sieving the compacted lignin obtained in step i) to remove particles
having a particle diamester below 100 um, thereby obtaining the agglomerated
fignin having a particle size distribution such that at least 80 wi-% of the
particles have a diameler in the range of 0.2 mm to 5.0 mm, preferably from

0.2 mm to 2.0 mm, more preferably from 0.5 {0 1.5 mm.

Preferably, the lignin in powder form is dried before compaction. The drying of
the lignin is carried out by methods and equipment known in the art. The
fignin in powder form used in step 1) has a moisture content of less than 45
wt-%. Preferably, the moisture content of the lignin before compaction
according to the present invention is less than 25 wi-%, preferably less than
10 wi-%, more preferably less than 8 wt-%. In one embodiment, the moisture
content of the lignin before compaction according to the present invention is

at least 1 wt-%, such as at least 5 wt-%. The temperature during the drying is
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preferably in the range of from 80°C to 160°C, more preferably in the range of
from 100°C to 120°C.

The lignin powder obtained after drying has a wide particle size distribution
ranging from 1 um to 2 mm which is significantly skewed towards the
micrometer range, meaning that a significant proportion of the particles has a

diameter in the range of 1 {0 200 micrometers.

The compaction of the lignin is preferably carried out by roll compaction.

The roll compaction of lignin can be achieved by a roller compactor to

agglomerate the lignin particles.

in the compaction step, an intermediate product is generated. Here, the fine
ignin powder is usually fed through a hopper and conveyed by means of a
horizontal or vertical feeding screw into the compaction zone where the
material is compacted into flakes by compaction rollers with a defined gap. By
controliing the feeding screw speed, the pressure development in the
compaction zone, flakes with uniform density can be obtained. The pressure
deveiopment in the compaction zone can preferably be monitored and
controlled by the rotational speed of the compaction rolis. As the powder is
dragged between the rollers, it enters what is termed as the nip area where
the density of the material is increased and the powder is converted into a
flake or ribbon. The rolls used have cavities. The depth of each cavity usad in
the roll compaction is from G.1 mm to 10 mm, preferably from 1 mm to 8 mm,
more praferably from 1 mm to 5 mm or from 1 mm to 3 mm. The specific
press force exerted during the compaction may vary depending on the
gquipment used for compaction, but may be in the range of from 1 kN/cm to
100 kN/em. Equipment suitable for carrying out the compaction are known in

the art.

After compaction, crushing is preferably carried cut.
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in the crushing step, the intermediate product from the compaction siep is
subjecied to crushing or grinding, such as by means of rotary granulator,
cage mill, beater mill, hammer mill or crusher mill and/or combinations

thereof. During this step, a further intermediate product is generated.

After crushing, the crushed material is preferably subjected 10 a sieving step,
to remove fine material. In addition, large material, such as agglomerates
having a diameter larger than 5.0 mm, may be removed and/or recirculated

back to the crushing step.

in the sieving step, the intermediate product from the crushing step is
screened by means of physical fractionation such as sieving, also referred {o
as screening, to obtain a product which is agglomerated lignin with a defined
particle size distribution set by the porosity of the sieves or screens in this
step. The sieve or screen is selected such that most particles having a
diameter below 100 (or 500) um pass through the screen and are rejected
and preferably returned to the compaction step, whereas most particles
having a diameter above 100 (or 500} um are retained and subjected to the
subseqguent heating step of the process according to the present nvention.
The sieving may be carried out in more than one step, Le. the sieving can be
carried out such that the crushed material from the crushing step passes

sequentiaily through more than one screen or sieve.

in one embaodiment of the roll compaction, the rolls configuration is such that
the first roll has an annual rim in such configuration s¢ that the powder in the

nip region is sealed in the axial direction along the roller surface.

in one embaodiment, the roll configuration is such that the nip region s sealed
in the axial direction along the roller surface with a static plate.
By ensuring that the nip region is sealed, loss of powder at the axial ends of

the rollers is minimized as compared to entirely cylindrical nip rollers.
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it is particularly beneficial to carry out the compaction according to the
present invention on a material that is essentially only lignin, L.e. inthe
absence of additives, since that makes the use of the compacted product
easier, due to the absence of binders or other components that could
otherwise negatively influence the application in which the compacied,

crushed and optionally sieved lignin is supposed to be used.

Due to the compaction of the lignin powder during preparation of
agglomerated lignin, the bulk density of lignin will increase as pressure is
applied to the lignin powder. This means that the agglomerated lignin will
have a higher bulk density than the lignin powder. More compact lignin
particles may be beneficial during subsequent processing to carbon enriched
materials, as compact lignin particies have been found to retain its shape and
dimensions with no melting or swelling. The agglomerated lignin particles will
aiso have a relatively higher hardness after compaction. Hard particles are
advantageous during subsequent processing as they can resist physical
impact during processing. Further, when using hard, compacted particles
processing problems that might arise due to the presence of lignin dust on the
surface of the particles are avoided. This is of particular importance in a large-
scale process since dust can form explosive mixtures with air and also cause

blockings inside processing eguipment.

The agglomerated lignin preferably has a bulk density in the range of from 0.5
gfem® to 0.7 gfom®, more preferably from 0.5 g/em® to 0.6 g/em?®. The lignin
powder, prior 1o agglomeration, preferably has a builk density in the range of
from 0.3 g/em® to 0.4 giem®. The thermally stabilized agglomerated lignin
preferably also has a bulk density in the range of from 0.5 gicm® to 0.7 glem®,
more preferably from 0.5 g/om? to 0.6 g/om®. The thermal stabilization might
lead to a slight increase or decrease in bulk density of the lignin. The bulk
density will however preferably remain within the same range as prior (o the

thermal stabilization.
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The agglomerated lignin has a particle size distribution such that at least 80
wt-% of the particles have a diameter in the range of from 0.2 mm {0 5.0 mm.
Preferably, the parlicle size distribution is such that at least 90 wi-%, more
preferably at least 95 wi-%, of the particies have a diameter in the range of
from 0.2 mm to 5.0 mm. More preferably, at least 90 wi-%, more preferably at
least 95 wi-%, of the particles have a diameter in the range of from 0.5 mm 1o

2 mm.

The step of heating the aggiomerated lignin to produce thermaily stabilized
agglomerated lignin can be carried out continuously or in batch mode. The
heating can be carried out using methods known in the art and can be carried
out in the presence of air or completely or partially under inert gas. Preferably,
the heating is carried out in a rotary kiln, moving bed furnace or rotary hearth

furmace.

The heating to produce thermally stabilized agglomerated lignin is carried out
at such that the agglomerated lignin is heated to a temperature in the range of
from 140 to 250°C, preferably from 180 to 230°C. The heating is carried out
for at least 1.5 hours, 1.e. the residence time of the agglomerated lignin inside
the equipment used for the heating is at least 1.5 hours. Preferably, the
heating is carried for less than 12 hours. The heating may be carried out at
the same temperature throughout the entire heating stage or may be carried
out at varying temperature, such as a stepwise increase of the temperature or
using a temperature gradient. More preferably, the heating is carried out such
that the agglomerated iignin is first heated o a temperature of from 140 to
175°C for a period of at least one hour and subsequently heated {o a

temperature of from 175 to 250°C for at least one hour.

By controlling and optimizing parameters such as femperature and time
during the thermal stabilization process, thermally stabilized agglomerated
fignin that retains its shape and dimensions with no fusing or swelling during
subseguent processing can be obtained. The described process has an

excellent compatibility with the typical process requirements for continuous
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production, using rotary kiln for example, due to mechanical stability of the
agglomerated lignin and a relatively short residence time. This is of particular
importance for achieving an economical large industry-scale process for

producing carbon enriched materials.

The colour of the thermailly stabilized agglomerated lignin is different from the
colour of the agglomerated lignin prior to thermail stabilization. The colour can
be determined for example by using a specirophotometer and reported in
accordance with the CIELAB colour space. in the CIELAB colour space,
colour can be reported as lightness (L™), green-red (8”) and blue-yeliow (b™)
components. Preferably, the lightness (L*) of the surface of the thermally
stabilized agglomerated lignin is in the range of from 37 10 39, preferably in
the range of from 37 to 38. The lightness of the surface of the agglomerated
tignin prior to thermal stabilization is above 44, such as in the range of from
44 to 52. Thus, the lightness of the agglomerated lignin decreases during

thermal stabilization.

The thermally stabilized agglomerated lignin obtained in step b) is subjected
to heat treatment at one or more temperatures in the range of from 300°C {o
1500°C, whersin the heat treatment is carried out for a total time of from 30

minutes to 10 hours, o obtain granular carbon.

Preferably, the heat treatment comprises a preliminary heating step,
preferably followed by a final heating step. The preliminary heating step is
preferably carried out at a temperature of between 300 and 800°C, such as
between 500 and 700°C under inert atmosphere, preferably nitrogen
aimosphere. The duration of the preliminary heating step is at least 30
minutes and preferably less than 10 hours. The preliminary and final heating
steps may be carried out as discrete steps or as one single step in direct
sequence. The surface area of the product obtained after the preliminary
heating step is typically in the range of from 300 to 700 m?/g, measured as

BET using nitrogen gas.
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The final heating step is preferably carried out at a temperature between
800°C and 1500°C, under inert atmosphere, preferably nitrogen atmosphere.
The duration of final heating step is at least 30 minutes and preferably less
than 10 hours. After the final heating step, the surface area of the product

obtained is typically 10 m4/g or less.

Preferably, the heat treatment is carried out siepwise. Preferably, the
praliminary heating starts at about 300°C and is subsequently increased to
about 500°C. The final heating step is preferably carried out between 900°C
and 1300°C, such as at about 1000°C.

The heat treated material, i.e. the granular carbon which is the product of step
¢}, is useful for example as bio-char, or as precursor to activated carbon or

glacirode material.

The heat treated material, i.e. the granular carbon which is the product of step
¢) preferably has a bulk density in the range of from 0.2 g/fem® to 0.4 gfom?®.
This is lower than the bulk density of the agglomerated lignin and the
thermally stabilized lignin obtained in step b), primarily due to mass loss

during the heat treaiments.

The colour of the granular carbon is different from the colour of the thermally
stabilized agglomerated lignin prior. The colour can be determined for
axample by using a spectrophotometer and reported in accordance with the
CIELAB colour space. In the CIELAB colour space, colour can be reported as
ightness (L™, green-red {a”} and blue-yeliow (b™) components. Preferably,
the lightness (L) of the surface of the granular carbon is in the range of from
24 10 37, preferably in the range of from 34 {0 36. Thus, the lightnass of the

agglomerated lignin decreases during siep c¢).
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Examples

Exampie 1

Lignin powder from the LignoBoost process was aggiomerated by means of
roller compaction into particles with a size distribution of 0.2 - 2 mm.

The agglomerated lignin was heated slowly up to 200 °C and held for 12h.
During this process, the agglomerated lignin did not exhibit any melting
behaviour and completely retained its original shape. Surprisingly it was found
that the individual granules did not fuse together and remained free flowing.
The material gradually darkened during the processing until it was completely

black and free of smell.

The thermally stabilized agglomerated lignin was subsequently heated at 500
~1000°C under inert atmosphere. In this process, the formed carbon granules

were rounded in shape and remained free-flowing.

Example 2

Lignin powder from the LignoBoost process was aggiomerated by means of
roller compaction, then crushed and sieved into particles with a size
distribution of 0.5 - 1.5 mm.

The agglomerated lignin was placed inside a laboratory rotary furnace,
heated to 160°C using air-flow for 2h, followed by heating up to 225°C for 2 h.
During this process, the agglomerated lignin did not exhibit any melling
behaviour. Surprisingly it was found that the individual granules did not fuse
together or to the reactor walls and remained free flowing. The material

gradually darkened during the processing until it was compiletely black.

The thermally stabilized agglomerated lignin was subsequently heated to 300-

350°C for 1h, and then 500°C under inert atmosphere using nitrogen for 1h.
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Finally, this material was heated up to 1000°C under nitrogen for 1h. The

resulting carborn material remained in non-agglomerated granular form.

Example 3

This experiment was conductad in the same way as Example 2 except that

the agglomerated lignin was heated to 200°C.

The resulting carbon material was free-flowing but experienced some degree
of melting and fusing. This shows that thermally stabilized lignin obtained by
heating at 225°C, as shown in Example 2, could resist melting and fusing
during heat processing in a better way. This further highlights the importance
of selecting the correct combination of temperature and time for the thermal

stabilization step.

Example 4 (Comparalive Example)

in this experiment, thermal conversion of conventional lignin powder was

carried out.

Lignin powder from the LignoBoost process was heated slowly up to 200°C
and held for 12h. After the heating, it was found that the lignin had
melted/fused into a solid black cake free of smell. This experiment shows the
importance of aggiomeration of lignin powdaear prior to the tharmal stabilization

step.

Example 5

in this experiment, a larger-scale continuous process for manufacturing
granular carbon was evaluated. Lignin powder from the LignoBoost process
was agglomerated by means of roller compaction, then crushed and sieved
into particles with a size distribution of 0.5 ~ 1.5 mm. The lignin had a bulk

density of 0.60 g/cm?®. Thermal stabilization of the agglomerated lignin was
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performed in air in a rotary Kiln, the feed rate was 3 kg/h. The temperature
was ramped from 170°C to 230°C in different heating zones and the mean

residence time in the rotary kiln was 2.5 hours.

The bulk density of the thermally stabilized agglomerated lignin was 0.66
gfom® a slight increase comparead to the agglomerated lignin prior to

stabilization.

The colour of the samples was measured using a Konica Minolta CM-5
spectrophotometer. Samples were not pre-treated. The measurement gave
the colour in the metrics of the CIELAB colour space. The agglomerated kraft
tignin used as a starting value had an L*value of 49.4. After thermal
stabilization, the L*value was measured at six times during a time period of

five days. The values ranged from 37.4 {0 37.9.

Matt black agglomerates were obiained. The thermally stabilized lignin
agglomerates were free-flowing and exhibited a low degree of melting during
the stabilization step. The total feed of aggiomerated lignin was 441 kg and
the total output was 380 kg, giving an overall yield of 93%. The total time of
the trial was 172 h.

Subsequently, a continuous pre-carbonization heat treatment of the thermally
stabilized agglomerated lignin was performed in a rotary kiln in a nitrogen
atmosphere. The feed rate was 3 kg/h and the and the mean residence time
in the rotary kiln was 2.5 hours. The temperature was ramped from 250°C {o
525°C in different heating zones. The bulk density of the pre-carbonized lignin
was 160 g/fcm®. The L*-value of the pre-carbonized lignin was measured at
four times during a time period of four days. The valuas ranged from 39.8 to
40.7. Shiny grey agglomerates were obtained. The agglomeraies exhibited a
low degree of melting and fusing during the pre-carbonization step. The toial
feed of thermally stabilized agglomerated lignin was 338 kg and the total
output was 183 kg, giving an overall vield of 54%. The total time of the trial
was 121 h.
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Finally, a continuous carbonization step of the pre-carbonized lignin was
performed in the rotary kiin in a nitrogen atmosphere. The feed rate was 2
kgfty and the and the mean residence time in the rotary kiln was 1 hour. The
temperature was set to 1000°C. The bulk density of the obtained carbonized
fignin was 190 g/fom®. The increase compared to the pre-carbonized lignin
may be due to shrinkage of the agglomerates. The L*-value of the carbonized
gnin was measured at four times during a time period of three days. The
values ranged from 35.2 to 35.9. Matt black agglomerates were obtained afier
the carbonization. No further melting or fusing of the agglomerates was
observed during carbonization. The total feed of pre-carbonized lignin was
169 kg and the total output was 134 kg, giving an overall yield of 80%. The

total time of the frial was 76 h.

This demonstrates that a large-scale process is possible.

in view of the above detailed description of the present invention, other
modifications and variations will become apparent to those skilled in the art.
However, it should be apparent that such other modifications and variations

may be effected without departing from the spirit and scope of the invention.
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A process to produce granular carbon from lignin, said process

comprising the steps of

a) providing agglomerated lignin having a particle size
distribution such that at least 80 wi-% of the agglomerates
have a diameter within the range of from 0.2 mm to 5.0 mm;

b} heating the agglomerated lignin to a temperature in the
range of from 140 to 250°C for a period of at least 1.5 hours,
to obtain thermally stabilized agglomerated lignin;

¢} subjecting the thermally stabilized agglomerated lignin to
heat treatment at one or more temperatures in the range of
from 300°C and 1500°C, wherein the heat treatment is
carried out for a total time of from 30 minutes {o 10 hours, to

obtain granular carbon.

2. Aprocess according to claim 1, wherein the agglomerated lignin used

in step a) is produced by

providing lignin in the form of a powder, wherein the particle size
distribution of the lignin in the form of a powder is such that at least
80 wi-% of the particles have a diameter less than 0.2 mm and a
moisture content of less than 45 wi-%;

compacting the lignin powder of step i);

crushing the compacted lignin obtained in step §);

optionally sieving the compacted lignin obtained in step iii) to
remove particles having a particle diameter below 100 ym, thereby
obtaining the agglomerated lignin having a particle size distribution
such that at least 80 wi-% of the agglomerates have a diameter

within the range of from 0.2 mm to 5.0 mm.

3. The process according to claim 1 or 2, wherein the agglomeraied lignin

has a bulk density in the range of from 0.5 g/em® to 0.7 g/lem®,
preferably from 0.5 gfem® to 0.6 g/lem?®
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. The process according (o any one of claims 1-3, wherein the heating of

the aggiomerated lignin in step b) is performed by first heating the
agglomerated lignin to a temperature of from 140 1o 175°C for a period
of at least one hour and subsequently heating the agglomerated lignin

to a temperature of from 175 to 250°C for at least one hour.

. The process according to any one of claims 1-4, wherein step ¢}

comprises a preliminary heating step, followed by a final heating step.

. The process according to claim 5, wherein the preliminary heating step

¢} is carriad out at a temperature of batween 400 and 800°C for at
least 30 minutes.

. The process according {o claim 6, wherein the preliminary heating step

is carried out in inert atmosphere.

. The process according to any one of claims 5-7, wherein the final

heating step is carried out at a temperature between 800°C and
1500°C for at least 30 minutes.

. The process according to claim 8, wherein the final heating step is

carried out in inert atmosphere.

10. The process according to any one of claims 1-9, wherein the CIELAB

lightness (L™} of the surface of the thermally stabilized agglomerated
lignin oblained in step b) is in the range of from 37 1o 30.

11. The process according to any one of claims 1-10, whearein the CIELAB

lightness (L™} of the surface of the granular carbon obtained in step ¢)
is in the range of from 34 to 37.

12. The process according to any one of claims 1-11, wherein the granular

carbon obtained in step ¢) has a bulk density in the range of 0.2 g/fom?
to 0.4 g/om?.
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13. The process according to any one of claims 1-12, wherein the lignin is
Kraft ignin.

14. The process according o claim 13, wherein the purity of the lignin is at
least 98%.
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