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(57) ABSTRACT

Lime-based sorbent suitable for use in a flue gas treatment
process comprising at least 70 wt. % of Ca(OH), and at least
0.2 wt. % to at most 10 wt. % of a first additive selected
among the group of hydrogels of natural or synthetic origin,
in particular superabsorbent polymers (SAPs) or in the
group of cellulose ethers or a combination thereof, premix
for use in a manufacturing process of said sorbent, process
for manufacturing the sorbent and use of said sorbent in a
flue gas treatment process

ek g o e nt g

3 B

%

i

t

1

€

3

3

:

H

: ¢

: ! i
: h i
N H

i

¢

3

£

:

3

§

‘,

[N
S
1

s
L
o3



Patent Application Publication

-

o

 fcaciumsinsmnsnsen

Nov. 3,2022 Sheet 1 of 2

o
S ma AN GO RN e v AN s A o
2

M A G W OD T AN W AR WA W AR ST A S e e

L

P
S

o

—

- .
3\\ g w"“‘
RS R
L
o
- =y
. o
e f
83
M N 2
t I e
¥ 3 T
e
{
o T H
L& e L e , {
e Sl T
.--“""j
"“:&
®
‘\\z\ A“‘
E\W \P"‘

L3 -
O

US 2022/0347651 Al

'@““Ej
t}\&:\\

o maan §

W3
S s
St L

o




Patent Application Publication  Nov. 3,2022 Sheet 2 of 2 US 2022/0347651 A1

P -
Yed { q\”y
P X
] X
® RS
& v S
o
2
SN,
kal
I
< ﬂ
3
kS N
& I s N
] S y e
e - ~ ~oessatl e ‘\\
e ot 3 3
— 4
e B §
H
p sf
N
Y
X N
%&&\S

Ny

X
N
N
\ \
‘\\
¥ 9
3
3
N
e
X Y ) g
& & AN
_ & ¢
B » - =3 X
s 3 e, o
g 2 o H g -
R 3 §
e &
AN Sy
3 <A
R NN,
G\ ““\\\‘*\\’\\
e ; B

",
“rrrces

3 2
et s piiiid® P e byrewt

g

R

&

K2
/f"”“""“h.,\..

s \ 3 m_‘,\.»"’

Namacan= i }
X ~

3
B s
7




US 2022/0347651 Al

LIME-BASED SORBENT FOR USE IN A
FLUE GAS TREATMENT INSTALLATION
AND PROCESS OF MANUFACTURING SAID
LIME-BASED SORBENT

TECHNICAL FIELD

[0001] In a first aspect, the present invention is related to
a sorbent suitable for a use in a flue gas treatment installa-
tion. In a second aspect, the present invention is related to a
premix for use in a manufacturing process of said sorbent.
In a third aspect, the present invention is related to a process
for manufacturing a sorbent suitable for a use in flue gas
treatment installation. In a fourth aspect, the present inven-
tion is related to the use of said sorbent in a flue gas
treatment process. In a fifth aspect, the present invention is
related to a process for flue gas treatment using said sorbent.

STATE OF THE ART

[0002] The combustion flue gases contain substances con-
sidered harmful to the environment and flue gases treatment
is more and more often performed in order to remove or
neutralize those harmful substances and pollutants. Various
processes are used for flue gas treatment, including the
scrubbing technology. A first type of such technology is the
wet scrubber technology using wet scrubber units which
work generally via the contact of target compounds or
particulate matter with a scrubbing liquid which can be
water for dust or solutions or suspensions of reagents for
targeting specific compounds. A second type of scrubbing
technology includes the dry scrubbing systems and the
semi-dry scrubbing systems, also called semi-wet scrubbing
systems. Those systems in comparison to the wet scrubber
units do not saturate the treated flue gas with moisture. In
some cases, no moisture is added, while in other cases only
the amount of moisture that can be evaporated in the flue gas
without condensing is added. The main use of dry or
semi-dry scrubbing devices is related to the capture and
removal of acid gases such as sulfur oxides and hydrochloric
acid primarily from combustion sources. In the present
disclosure, the terms “circulating dry” in the wording “cir-
culating dry scrubber device” or “circulating dry scrubber
installation” or “circulating dry scrubber systems” or “cir-
culating dry scrubber unit or circulating dry scrubber facil-
ity” refers to either “circulating dry scrubber”or “circulating
semi-dry scrubber”.

[0003] Circulating dry scrubber (CDS) technology was
first developed for SO, removal in coal-fired power plants.
Today it is also used in flue gas treatment for industrial
furnaces and boilers that use biomass, industrial or munici-
pal waste as fuels. The CDS technology generally carries out
a CDS process and involves a CDS unit. The CDS unit can
be integrated in a more global CDS facility. The CDS
process is based on the recirculation of residues collected
from particulate control device, comprising unreacted sor-
bent, reaction products and optionally fly ash.

[0004] A CDS unit generally comprises a reactor for
receiving flue gases and sorbents which are generally cal-
cium-based sorbents. The reactor is followed by a particulate
control device which filters the solids (also called residues
and comprising unreacted sorbent, reaction products and
optionally fly ash) from the gas released. These solids are
partially recycled into the reactor afterwards through a
recycling loop. Some fresh sorbent can be periodically or
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continuously added to the reactor, before or after. In most
cases water is injected into the reactor and/or onto the solids
for temperature control, to improve the pollutants removal
performances and to re-activate the residues. Some CDS
facilities have a CDS unit and may comprise a hydrator (also
called slaking unit). They use quicklime CaO that is
hydrated prior to entering the CDS unit in a CDS process.
Some other CDS facilities do not comprise any hydrator and
the fresh sorbent injected is hydrated lime.

[0005] In a first way to handle a CDS process, the residues
are wetted before reinjection in the reactor. In a second way
to handle a CDS process, water is directly injected in the
reactor.

[0006] Unfortunately, even if the CDS technology is effec-
tive in terms of removal of pollutants, limitations exist
regarding the amount of water which can be added, while
water addition remains a key factor for removal of these
pollutants. Indeed, it is known that higher capture levels of
acid gases can be achieved by increasing the flue gases
moisture, while keeping in mind that going below the dew
point may cause corrosion issues especially in the reactor.

[0007] In the case wherein the residues are wetted before
reinjection in the reactor, the maximum water content rela-
tive to the mass of dry recirculated residue observed at
commercial scale is 10 weight %, more often between 2 and
7 weight %. Above 10% of water content, sticky behavior
and clogging phenomena occur on duct walls both in the
recycling loop and in the reactor, bringing operational
instability up to a complete stop of the flue gas cleaning unit.
[0008] In the case wherein water is directly injected in the
reactor, even though water is not carried by the recycled
material, clogging phenomena appearing in the reactor are
still observed, thereby impacting negatively the flue gases
treatment process.

[0009] There is a need to provide a sorbent and a flue gas
treatment process allowing the operation of a CDS process
wherein the water content can be increased without impact-
ing negatively the circulating dry scrubbing process. It is
particularly desirable to at least reduce the sticky behavior
and the clogging phenomena of the recycled materials on
duct walls, in the recycling loop and in the reactor.

[0010] The document WO2018185328 of the applicant
discloses a sorbent for use in a circulating dry scrubber,
which comprises at least 50 wt. % of Ca(OH), and between
0.5 wt. % to 8 wt. % of silicon or aluminum or a combination
thereof expressed under their elemental form, with respect to
the total weight of said sorbent under a dry form, wherein the
said sorbent further comprises 1 to 12 wt % of bound water
with respect to the total weight of said sorbent under a dry
form and wherein between 1 to 40 mol % of the calcium is
neither under the form of Ca(OH), nor CaCO; nor CaO.
Such sorbent is obtained by a process comprising the steps
of:

[0011] providing quicklime and water in an hydrator;

[0012] slaking said quicklime in the hydrator via a
non-wet route;

[0013] collecting a lime-based sorbent at an exit of the
hydrator

characterized in that said process comprises a further step of
adding at least a first additive comprising:

[0014] a compound comprising silicon, preferably
selected among the group comprising silicates, silicates
of sodium, metasilicates, metasilicates of sodium, kie-
selguhr, diatomite, diatomaceous earth, precipitated
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silica, rice husk ash, silica fume, perlites, silicic acid,
amorphous silica, calcium silicates or a combination
thereof, and/or;

[0015] a compound comprising aluminum preferably
selected among the group comprising aluminates, alu-
minates of sodium, aluminum trihydroxide, boehmite,
calcium aluminates or a combination thereof, and/or;

[0016] a compound comprising silicon and aluminum
preferably selected among the group comprising alu-
minosilicates, aluminosilicates of sodium, fly ash, blast
furnace slag, vermiculite paper ash, or a combination
thereof;

before or during said slaking step, at a molar ratio between
silicon or aluminum or a combination thereof and the
calcium provided to said hydrator equal to or below 0.2 and
equal to or above 0.02.

[0017] Despite such a sorbent presents good performances
in terms of capture of pollutants and in terms of fluidity in
CDS facilities, there is a need for alternative sorbent com-
positions obtainable from different raw materials with
improved performances.

SUMMARY OF THE INVENTION

[0018] According to a first aspect, the present invention is
related to a lime-based sorbent suitable for use in a flue gas
treatment process comprising:

[0019] atleast 70 wt. % of Ca(OH),, preferably at least
80 wt. % of Ca(OH),, more preferably at least 90 wt.
% of Ca(OH),, more preferably at least 95 wt. % of
Ca(OH), with respect to the total weight of said lime-
based sorbent under a dry form after drying until
constant weight at 150° C., and;

[0020] and at least 0.2 wt. % to at most 10 wt. %,
preferably at least 1 wt. % to at most 5 wt. %, more
preferably at least 1.2 wt. % to at most 2.5 wt. % with
respect to the total weight of said lime-based sorbent
under a dry form after drying until constant weight at
150° C., of a first additive selected among the group of
hydrogels forming materials of natural or synthetic
origin, in particular superabsorbent polymers (SAPs) or
in the group of cellulose ethers or a combination
thereof.

[0021] The Ca(OH), present in said sorbent can be mea-
sured qualitatively and quantitatively by usual techniques
known by the skilled in the art. The amount of calcium is
measured by XRF, the cristalline structure of the compounds
is analyzed by XRD and the determination of the proportion
of calcium carbonate and/or calcium oxide if present, and
calcium hydroxide is determined by thermogravimetry on a
sample dried at 150° C. until constant weight.

[0022] The additive present in said sorbent can be mea-
sured qualitatively and quantitatively by NMR. The additive
in said sorbent can be detected after preparation of a sample
dried at 150° C. until constant weight and mixing in a
deuterated solvent, or a mixture of deuterated solvents,
preferably a mixture of D,O and CD,CN, by 'H NMR or
13C NMR or a combination thereof using a probe HR-MAS
(high resolution magic angle spinning) for analysis in semi-
liquid state, or measured on a solid sample dried at 150° C.
until constant weight by solid 'H NMR. Quantitative mea-
surements by NMR can be done by comparison with cali-
bration curves obtained by preparation of samples of sorbent
comprising the additive in various concentrations.

Nov. 3, 2022

[0023] The terms “hydrogels forming material” according
to the present invention encompass either dehydrated hydro-
gel (i.e. as a powdery form) or hydrogel having captured
water. Also encompassed within the scope of this wording
are included any intermediate form such as for example
hydrogels forming materials which are in powdery form
while having captured ambient humidity, for example
including 5% of water or 10% water, but still as powder.

[0024] Preferably, the said first additive is selected among:

[0025] the group of hydrogels forming materials of
synthetic origin including polyacrylates, polyacrylic
acids, crosslinked polyacrylates and polyacrylic acids,
or crosslinked acrylamide and acrylate copolymers, in
particular those partially neutralized with sodium and/
or potassium, or

[0026] the group of hydrogels forming materials of
natural origin including guar gum, alginates, dextran or
xanthane gum or a combination thereof and/or;

[0027] the group of cellulose ethers, including hydroxy-
alkyl or carboxyalkyl cellulose ethers, in particular
carboxymethyl cellulose or hydroxyethyl methyl cel-
Iulose (HEMC).

[0028] Preferably, the superabsorbent polymer is selected
among one or more of the superabsorbent polymer of
synthetic origin selected among crosslinked polymers of
acrylic or methacrylic acid, crosslinked graft copolymers of
the polysaccharide/acrylic or methacrylic acid, crosslinked
terpolymers of acrylic acid or methacrylic acid/acrylamide/
sulfonated acrylamide and their alkaline earth or alkaline
metal salts.

[0029] Preferably, the monomers selected for the prepa-
ration of the superabsorant polymers are chosen among
acrylamide, acrylic acid, ATBS (acrylamido tertio
butylsulfonate), NVP (N vinylpyrrolidone), acryloylmor-
pholine, and/or itaconic acid, each of those monomers being
partially or totally salified.

[0030] Preferably, the superabsorbant polymers are
homopolymers or cross-linked copolymers of acrylic acid
partially or totally salified. Superabsorbant polymers can be
made of hydrophilic monomers such as cationic polymers
including diallyldialkyl ammonium, diallylaminoalkyl
(meth)acrylate, dialkylaminoalkyl (meth)acrylamide, their
ammonium quaternary salts or their acids, more particularly
acrylate of dimethylaminoethyl (ADAME), metacrylate of
dimethylaminoethyl (MADAME), acrylamidopropyltrim-
ethylammonium chloride (APTAC) and/or methacrylami-
dopropyltrimethylammonium chloride (MAPTAC).

[0031] Synthetic superabsorbent polymers are generally
cross-linked with a cross linking agent selected among
N,N-methylene bis acrylamide (MBA), ethylene glycol
dimetacrylate, 1,1,1-trimethylolpropane triacrylate, tetreaal-
Iuloxy ethane, tetra allylammonium chloride, divinyl ben-
zene, metallic salts or any cross linking agent known in the
art.

[0032] Superabsorbent polymers are well known polymers
available commercially.

[0033] According to the present invention, the hydrogels
forming material has a water adsorption capacity less than
400 g/g, preferably equal to or less than 350 g/g, more
preferably equal to or less than 300 g/g, in particular, equal
to or less than 250 g/g and more particularly equal to or
lower than 200 g/g expressed as the weight of deionized
water with respect to the weight of polymer.
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[0034] More particularly, according to the present inven-
tion, the hydrogels forming material has a water adsorption
capacity equal to or higher than 80 g/g, preferably equal to
or higher than 100 g/g expressed as the weight of deionized
water with respect to the weight of polymer.

[0035] Advantageously, the hydrogels forming material
has a water adsorption capacity comprised between 100 g/g
and 200 g/g, more preferably between 120 g/g and 180 g/g,
such as for example around 150 g/g expressed as the weight
of deionized water with respect to the weight of polymer.
[0036] The first additive according to the present inven-
tion, chosen amongst hydrogels forming materials is able to
capture water at relatively low temperature such as around
ambient temperature for its conditioning but also allows to
release water in the CDS unit or the dry scrubber injection
(DSI unit, under the form of vapor at an operating tempera-
ture comprised between 50° C. and 350° C. and preferably
of about 150° C. to 180° C., also in presence of Ca(OH),.
Further the lime-based sorbent combining the hydrogels
forming material and Ca(OH), remains preferably in powder
form to be injected during the flue gas treatment.

[0037] The lime-based sorbent according to the present
invention sustains numerous passing cycles through the
CDS facility in a flue gas treatment during which it alter-
nates between a water capture step (in a conditioning drum
for example) and a water release step (in the CDS unit).
[0038] In an embodiment, the lime-based sorbent accord-
ing to the present invention further comprises sodium at an
amount of sodium expressed under its equivalent Na,O
oxide form in said lime-based sorbent measured by XRF of
at least 0.1 weight %, preferably at least 0.3 weight %,
preferably at least 0.5 weight %, preferably at least 0.7
weight %, preferably at most 15 weight %, preferably at
most 7 weight %, preferably at most 5 weight %, preferably
at most 2.5 weight % with respect to the total weight of said
sorbent under a dry form.

[0039] Preferably, the lime-based sorbent according to the
present invention has a BET specific surface area of at least
3 m?%/g, preferably at least 10 m*/g, more preferably at least
20 m*/g, preferably at least 40m*/g measured by manometry
with adsorption of nitrogen after degassing in vacuum at
190° C. for at least 2 hours and calculated according the
multipoint BET method as described in the ISO 9277/2010E
standard. In an embodiment of the invention, the sorbent has
a BET specific surface area comprised between 3 and 20
m?/g.

[0040] Advantageously, the lime-based sorbent according
to the present invention, has a total BJH pore volume of at
least 0.01 cm?®/g, preferably at least 0.05 cm’/g, more
preferably at least 0.1 cm>/g, more preferably of at least 0.15
cm®/g, more preferably at least 0.2 cm®/g, determined
manometry with adsorption of nitrogen after degassing in
vacuum at 190° C. for at least 2 hours and calculated
according the multipoint BJH method as described in the
ISO 9277/2010FE standard. In an embodiment of the inven-
tion, the sorbent has a BJH pore volume comprised between
0.01 and 0.15 cm’/g.

[0041] The particle size of the lime-based sorbent, of the
hydrated lime and of the additive can be measured by two
methods in function of the properties of the samples. A first
method is the sieve analysis wherein dry samples are passed
through a series of sieves having a mesh size progressively
decreasing in size, the retained fraction on each mesh being
weighted. A first value d,,,,, is defined as the mesh size for
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which the retained fraction of a powder is inferior to 2% in
weight of the powder, and a second value d,,,,, is defined as
the mesh size for which the retained fraction of the powder
is superior to 90% in weight of the powder. This method is
used for samples having a d,,,,, superior to 30 um because of
the limitation of the mesh size of the sieves. For the sieves
having a mesh size inferior to 100 pum, a depression can be
applied to force the passage of the particles through the
sieves.

[0042] A second method for measuring the particle size
distribution of the lime-based sorbent, of the hydrated lime
and of the additive is the laser granulometry after sonication
in a solvent such as for example methanol, wherein the
sample is not soluble or does not jellify. A first value d,,  is
defined and corresponds to the d98, and a second value d,,,,,,
is defined and corresponds to the d, . The notation dx means
a particle size distribution of a sample of particles wherein
X % of the particles have a size under a certain value

expressed in pm.

[0043] Preferably the lime-based sorbent according to the
present invention has a d,, . inferior or equal to 1 mm,
preferably inferior or equal to 400 pum, more preferably
inferior or equal to 200 pum, more preferably inferior or equal
to 100 pm, preferably inferior or equal to 80 um, preferably
inferior or equal to 40 um, more preferably inferior or equal
to 30 um. The d,,,;, is preferably superior or equal to 1 pum,
preferably superior or equal to 2 pm, more preferably
superior or equal to 5 um, more preferably superior or equal
to 10 um more preferably superior or equal to 20 pm, more
preferably superior or equal to 30 um.

[0044] In a preferred embodiment of the lime-based sor-
bent according to the invention, the said Ca(OH), and said
first additive are under the form of a blend of powders
comprising:
[0045] powdered particles of slaked lime having a par-
ticle size distribution comprised in a first range of
values d,,,, and d,,,,.. and;

[0046] powdered particles of said first additive having a
particle size distribution comprised in a second range of
values d,, . and d,,,, overlapping or being equal to the
said first range.

[0047] It is of great importance than the particle size
distribution of the powdered particles of hydrated lime and
the powdered particles of additives are close to each other,
in order to prevent segregation of the particles of hydrated
lime from particles of additive.

[0048] According to a second aspect, the present invention
is related to a premix for use in a process of manufacturing
of a lime-based sorbent, the premix comprising:

[0049] atleast 70 wt. % , more preferably at least 90 wt.
% of quicklime with respect to the total weight of said
premix under a dry form after drying until constant
weight at 150° C., and;

[0050] atleast 0.2 wt. % to at most 10 wt. %, preferably
at least 1 wt. % to at most 5 wt. %, more preferably at
least 1.2 wt. % to at most 2.5 wt. %, of a first additive
selected among the group of hydrogels forming mate-
rials of natural or synthetic origin, in particular super-
absorbent polymers (SAPs) or in the group of cellulose
ethers or a combination thereof, with respect to the total
weight of said premix under a dry form after drying
until constant weight at 150° C.

min
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[0051] Providing such a premix can be more advantageous
in term of logisitics and costs for flue gas treatment plants
having a hydrator at their disposal.

[0052] Preferably, in the premix according to the inven-
tion, the said powdered quicklime and said powdered first
additive are under the form of a blend of powders compris-
ing:

[0053] powdered particles of quicklime having a par-
ticle size distribution comprised in a third range of
values d,,,. and d,,,,,, and;

[0054] powdered particles of said first additive having a
particle size distribution comprised in a fourth range of
values d,, . and d,,, overlapping or being equal to the
said third range.

[0055] It is important that the particle size distributions of
the particles of quicklime and of the particles of the first
additive are closed to each other, in order to prevent segre-
gation of particles in the premix.

[0056] According to a third aspect, the present invention is
related to a process for manufacturing a lime-based sorbent
suitable for a use in a flue gas treatment process, the process
of manufacturing comprising the steps of:

[0057] slaking quicklime with water in a hydrator via a
non-wet route;

[0058] collecting a slaked lime at an exit of the hydra-
tor;

characterized in that said process comprises a further step of
adding at least a first additive selected among the group of
hydrogels forming materials of natural or synthetic origin, in
particular superabsorbent polymers (SAPs) or in the group
of cellulose ethers or a combination thereof, said first
additive being added before, during or after said step of
slaking, at a weight ratio relative to the weight of said slaked
lime comprised between 0.2 and 10%, preferably at most 5
wt. %, more preferably at most 2.5 wt. %, wherein the
amount of said slaked lime is expressed under equivalent
CaO and the amount of said first additive is expressed under
dry equivalent form after drying until constant weight at
150° C.

[0059] Preferably, in the process of manufacturing accord-
ing to the invention, the said first additive is selected among:

[0060] the group of hydrogels forming materials of
synthetic origin includes crosslinked polyacrylates or
crosslinked acrylamide and acrylate copolymers, in
particular those partially neutralized with sodium and/
or potassium,

[0061] the group of hydrogels forming materials of
natural origin includes guar gum, alginates, dextran or
xanthane gum or a combination thereof or

[0062] the group of cellulose ethers, includes hydroxy-
alkyl or carboxyalkyl cellulose ethers, in particular
carboxymethyl cellulose or hydroxyethyl methyl cel-
Iulose (HEMC).

[0063] By the term “hydrator” in the meaning of the
present invention, it is meant a conventional hydrator single
or multi-stage or a mixer.

[0064] According to the invention, the term “slaking via a
non-wet route” refers to slaking quicklime with:

[0065] In the process of manufacturing according to the
invention, the step of slaking is a slaking mode via a
“non-wet route” which designates slaking modes via a dry
route, via a quasi-dry route or via semi-dry route. In a
non-wet route, the amount of water relative to the amount of
quicklime is comprised between 0.6 and 1.2. The expression
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“non-wet route” excludes the two slaking modes via a wet
route and via a putty route. Each of these slaking routes is
defined herein after.
[0066] In a dry hydration of quicklime, meaning a slaking
mode “via a dry route”, the mass ratio of water to quicklime
used for slaking quicklime via a dry route is comprised
between 0.6 and 0.7.
[0067] In a quasi-dry hydration of quicklime, being
another slaking mode, the hydration may be achieved with
a larger excess of water, the mass ratio of water to quicklime
used for quasi-dry hydration of quicklime is comprised
between 0.85 and 1.2.
[0068] In a semi-dry hydration of quicklime, the mass
ratio of water to quicklime used for slaking quicklime is
comprised between 0.7 and 0.85.
[0069] In a slaking mode «by a wet route», the amount of
added water is in very large excess as compared with the
amount strictly required for the slaking reaction, the mass
ratio of water to quicklime used for slaking quicklime is
typically more than 1.5. A milk of lime is then obtained, i.e.
an aqueous suspension of slaked lime particles.
[0070] In a slaking mode “via a putty route”, the amount
of'water used for the slaking reaction is a little lower than the
amount of water used for the slaking “by the wet route”, the
mass ratio of water to quicklime used for slaking quicklime
is typically more than 1.2 and less than 1.5 and the obtained
product is pasty (lime putty).
[0071] In the process of manufacturing according to the
invention, said first additive is provided at least partially in
a solution or in a suspension and added to said water and/or
to the slaked lime, and/or said first additive is provided at
least partially under solid form and added to said quicklime
and/or to the slaked lime.
[0072] Preferably, the process of manufacturing according
to the invention comprises a step of mixing powdered slaked
lime with said first additive under the form of a powder.
[0073] In an embodiment of the process of manufacturing
a lime-based sorbent according to the invention, the process
of manufacturing comprises the steps of:

[0074] slaking quicklime with water in a hydrator via a

non-wet route;

[0075] collecting a slaked lime at an exit of a hydrator;
[0076] optionally drying the said slaked lime;

[0077] optionally grinding the said slaked lime;
[0078] optionally air classifying and/or sieving said

slaked lime to obtain a slaked lime having a particle
size distribution comprised in a first range of particle
size defined by ad, andad,,;
[0079] providing said first additive having a particles
size distribution comprised in a second range of particle
size defined by a d,,, and a d,,, overlapping or
comprised in the range of the said first range of particle
size and mixing the said first additive with the said
slaked lime having a particle size distribution com-
prised in a first range of particle size defined by ad,,,,
andad,,,.
[0080] Preferably, said first additive is provided with a
particle size distribution having a d,,,. inferior or equal to
400 pm and a d,,,,,, of at least 1 pm, and said powdered slaked
lime is air classified or sieved such that to have a particle size
distribution within a range comprised between 1 um and 200
um, alternatively between 1 and 20 pm, alternatively
between 5 and 20 um, alternatively between 20 and 35 pum,

alternatively between 20 and 50 um, alternatively between
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50 and 100 pum, alternatively between 50 and 150 um,
alternatively between 100 and 200 pm.

[0081] Inone embodiment of the invention, the process of
manufacturing comprises a preliminary step of granulomet-
ric cutting of particles of hydrated lime and a separated
granulometric cutting of particles of additives to remove a
fraction of particles inferior to a predetermined value and
superior to a predetermined value, such as to provide par-
ticles of hydrated lime and particles of additive having
similar particle size distribution in order to prevent segre-
gation of particles of hydrated lime from particles of addi-
tive. The step of granulometric cutting can be performed by
passing the particles of hydrated lime and/or additives
through a series of sieves of predetermined mesh sizes or by
passing the particles of hydrated lime and/or additives
through an air classifier.

[0082] In one embodiment, the additive and/or the
hydrated lime are ground before the steps of granulometric
cutting or inversely.

[0083] In another embodiment of the process of manufac-
turing according to the invention, the process comprises the
steps of:

[0084] providing quicklime with a predetermined par-
ticle size distribution comprised in a third range of
particle size defined by a d,,,. andad,,,;

[0085] providing said first additive with a particle size
distribution comprised between a fourth range of par-
ticle size defined by ad,,, and ad,,,, overlapping or
comprised in the range of the said third range of particle
size and mixing the said first additive with the said
quicklime having a particle size distribution comprised
in a third range of particle size defined by ad,,,, and a
d,,, to form a premix;

[0086] slaking the said premix via a non-wet route in a
hydrator to obtain slaked lime containing said first
additive;

[0087] collecting slaked lime at an exit of the said
hydrator

[0088] optionally drying the said slaked lime;

[0089] optionally grinding the said slaked lime;

[0090] optionally sieving or air classifying said slaked
lime.

[0091] In an embodiment of the process of manufacturing
according to the invention, the process further comprises a
step of addition of an amount of a second additive being a
salt or hydroxide of an alkali metal before and/or during
and/or after said step of slaking, the amount of a salt or
hydroxide of an alkali metal being sufficient for obtaining in
said sorbent, a content of an alkali metal expressed in oxide
equivalent of this alkali metal equal to or greater than 0.2%
and equal to or less than 3.5% by weight on the basis of the
total weight of the slaked lime.

[0092] Preferably, the said salt or hydroxide of alkali metal
is soluble in water, such as for example sodium hydroxide,
sodium carbonate, sodium hydrogenocarbonate, sodium
nitrate, sodium phosphate, sodium persulfate or sodium
acetate. Preferably, the alkali compound has a solubility in
water at 20° C. superior or equal to 50 g/dm?, preferably
superior or equal to 100 g/dm?>, preferably superior or equal
to 200 g/dm?>, preferably superior or equal to 300 g/dm?,
preferably superior or equal to 500 g/dm?.

[0093] In an embodiment of the process of manufacturing
according to the invention, the said salt or hydroxide of
alkali metal is provided in under solid form or in a solution
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and added to the said water and/or to the said quicklime
and/or to the said slaked lime. The said salt or hydroxide of
alkali metal may be added in the process before and/or
during and/or after the step of slaking.

[0094] In an embodiment of the process of manufacturing
according to the invention, a step of drying said lime-based
sorbent and/or granulometric cutting of said lime-based
sorbent and/or grinding or milling said lime-based sorbent is
performed.

[0095] Advantageously, in the process according to the
present invention, the residence time of quicklime being
slaked inside the hydrator is comprised between 5 and 45
minutes, preferably between 20 and 40 minutes and more
preferably between 25 and 35 minutes.

[0096] In another embodiment of the process according to
the invention, the said quicklime is submitted to a granulo-
metric cutting such that to have particles comprised between
a third range of values and the said first additive is submitted
to a granulometric cutting such as to have particles com-
prised between a fourth range of values, and wherein the
said third range of values and the said fourth range of values
have an overlap. Then a step of blending the said quicklime
and the said first additive is provided before the said step of
slaking.

[0097] According to a fourth aspect, the present invention
is related to the use of a lime-based sorbent such as disclosed
herein and/or obtained from a manufacturing process as
presented herein, in a flue gas treatment process.

[0098] According to a fifth aspect, the present invention is
related to a flue gas treatment process wherein gas contain-
ing pollutants are circulated through a duct before reaching
a particulate control device, characterized in that it com-
prises a step of injection of a lime-based sorbent as presented
herein.

[0099] The flue gas treatment can be a circulating dry
scrubber process or a dry sorbent injection (DSI) process.
[0100] The use of a sorbent according to the invention in
a circulating dry scrubber process allows to provide a
residue which is able to carry more water than prior art
residues while keeping a good flowability of such residue in
the CDS process, thereby preventing sticking in pipes, ducts
or other parts of the circulating dry scrubber unit or facility.
[0101] The sorbent according to the present invention
provides a residue in a CDS process that presents good
flowability properties, even with high moistures such as
more than 10 weight % in the residue circulating in a
circulating dry scrubber unit or facility.

[0102] With higher water content in the sorbent carrying
water, the performance of the flue gas treatment device is
thought to be improved significantly because:

[0103] adding water is believed helping conditioning
the gas reducing in particular the reaction temperature
and increasing relative humidity;

[0104] the added water is believed helping rejuvenating
the residues bringing remaining Ca(OH)2available for
reaction again;

[0105] the added water is believed creating local favor-
able conditions around the solid in the reactor to boost
the activity of the sorbent, the reaction products (the
added water may help converting carbonated forms of
Ca into reacted species with targeted acid gas removal
(SO,, HC], HF . . . ) and even possibly the fly ash.

[0106] If the same quantity of water can be brought in the
reactor on a lower quantity of recycled materials, downsiz-
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ing the conditioning mixer and all related equipment in
particular the conveying devices (screws, airslides . . . )
could be possible at the benefit of investment costs but also
utilities and maintenances costs to run a CDS process, which
will be reduced as less material would circulate.

[0107] In the process of flue gas treatment using a circu-
lating dry scrubber unit or facility, the sorbent particles will
enter in contact with flue gas and form a suspension of
reacted sorbent particles, unreacted sorbent particles and
eventually other by-products. The suspension is filtered by a
particulate control device. The flue gas depleted in pollutants
is directed to the chimney or stack whereas residues formed
by reacted sorbent particles, unreacted sorbent particles and
eventually other by-products are redirected and recycled in
the CDS unit for another cycle. The said residues can be
recirculated and recycled several times. Some fresh sorbent
can also be introduced at any time in the CDS facility. Water
is added to reactivate the reacted sorbent.

[0108] With the sorbent according to the present inven-
tion, it is foreseen to add water on said residues circulating
in the circulating dry scrubber (CDS) unit or facility such as
to have a water content relative to the dry mass of residues
of at least 5 weight %, preferably at least 7 weight %,
preferably at least 10 weight %, preferably at least 12 weight
%, preferably at least 15 weight %.

[0109] In function of the ratio of sulfur oxide to HCI in the
flue gas treated in a circulating dry scrubber unit or facility,
the amount of water added on the residues circulating in the
circulating dry scrubber unit or facility can be adapted.
[0110] For ratios of sulfur oxide relative to HCI superior to
20, the amount of HCl is generally low and it is possible to
add water on the residues circulating in the circulating dry
scrubber unit or facility such as to have a water content
relative to the dry mass which can go up to maximum 20
weight % without risk of clogging of residues in the circu-
lating dry scrubber unit or facility.

[0111] For ratios of sulfur dioxide relative to HCI inferior
to 20, the amount of HCl is generally considered as high and
may cause more problem of clogging of the residues in the
circulating dry scrubber unit or facility. Therefore for such
ratios of sulfur oxide to HCI inferior to 20, the water on the
residues circulating in the circulating dry scrubber unit or
facility can be such as the water content relative to the dry
mass of residues is only of at least 2 weight %.

[0112] Inan embodiment, the process of flue gas treatment
according to the invention comprises a step of introduction
in the said circulating dry scrubber unit or facility of a
sorbent according to the present invention or obtained from
a process of manufacturing such as disclosed herein.
[0113] One of the advantages of using the lime-based
sorbent according to the invention in a dry sorbent injection
process, is that the additive can capture the moisture and
thereby minimize sticking of the sorbent into the storage silo
or into the injection pipe connected to the flow gas duct.
[0114] Other characteristics and advantages of the present
invention will be derived from the non-limitative following
description, and by making reference to the drawings and the
examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0115] FIG. 1 shows a schematic embodiment of a circu-
lating dry scrubber facility used in a process of flue gas
treatment according to the present invention.
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[0116] FIG. 2 shows "H NMR spectrums obtained with a
probe HR-MAS in semi-solid state of a sample of sodium
polyacrylate commercialized under the name of
Apromud™P150XL by the company Aprotek, in a mixture
of D,O and CD;CN, and compared with a sample of a
sorbent according to the present invention comprising 2.5%
of Apromud™P150XL in weight of the sorbent and with a
sample of sorbent according to the invention comprising
10% of Apromud™P150XL. in weight of the sorbent, mea-
sured in the same conditions.

DESCRIPTION OF THE INVENTION

[0117] According to the invention, a lime-based sorbent
suitable for use in a flue gas treatment process is provided.
The lime base sorbent comprises:

[0118] at least 70 wt. % of Ca(OH),, preferably at least
80 wt. % of Ca(OH),, more preferably at least 90 wt.
% of Ca(OH),, more preferably at least 95 wt. % of
Ca(OH),, with respect to the total weight of said
lime-based sorbent under a dry form after drying until
constant weight at 150° C. and;

[0119] atleast 0.2 wt. % to at most 10 wt. %, preferably
at least 1 wt. % to at most 5 wt. %, more preferably at
least 1.2 wt. % to at most 2.5 wt. %, with respect to the
total weight of said lime-based sorbent under a dry
form after drying until constant weight at 150° C., of a
first additive selected among the group of hydrogels of
natural or forming materials synthetic origin, in par-
ticular superabsorbent polymers (SAPs) or in the group
of cellulose ethers or a combination thereof.

[0120] The Ca(OH), present in said sorbent can be mea-
sured qualitatively and quantitatively by usual techniques
known by the skilled in the art. The amount of calcium is
measured by XRF, the cristalline structure of the compounds
is analyzed by XRD and the determination of the proportion
of calcium carbonate and/or calcium oxide if present, and
calcium hydroxide is determined by thermogravimetry on a
sample dried at 150° C. until constant weight.

[0121] The additive present in said sorbent can be mea-
sured qualitatively and quantitatively by NMR. The additive
in said sorbent can be detected after preparation of a sample
dried at 150° C. until constant weight and mixing in a
deuterated solvent, or a mixture of deuterated solvents,
preferably a mixture of D,O and CD,CN, by 'H NMR or
13C NMR or a combination thereof using a probe HR-MAS
(high resolution magic angle spinning) for analysis in semi-
liquid state, or measured on a solid sample dried at 150° C.
until constant weight by solid state 'H NMR or solid state
13C NMR. Quantitative measurements by NMR can be done
by comparison with calibration curves obtained by prepa-
ration of samples of sorbent comprising the additive in
various concentrations. The sample must be dried until
constant weight before the analysis since the said first
additive has the property to retain water, the lime-based
sorbent may contain an amount of water for example coming
from the ambient air or from the manufacturing process.
[0122] The said first additive is selected among:

[0123] the group of hydrogels forming materials of
synthetic origin including polyacrylates, polyacrylic
acids, crosslinked polyacrylates and polyacrylic acids
or crosslinked acrylamide and acrylate copolymers, in
particular those partially neutralized with sodium and/
or potassium, or
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[0124] the group of hydrogels forming materials of
natural origin including guar gum, alginates, dextran or
xanthane gum or a combination thereof and/or;

[0125] the group of cellulose ethers, including hydroxy-
alkyl or carboxyalkyl cellulose ethers, in particular
carboxymethyl cellulose or hydroxyethyl methyl cel-
Iulose (HEMC).

[0126] The said superabsorbent polymer is selected
among crosslinked polymers of acrylic or methacrylic acid,
crosslinked graft copolymers of the polysaccharide/acrylic
or methacrylic acid, crosslinked terpolymers of acrylic acid
or methacrylic acid/acrylamide/sulfonated acrylamide and
their alkaline earth or alkaline metal salts.

[0127] Inoneembodiment, the lime-based sorbent accord-
ing to the invention further comprises sodium wherein the
amount of sodium expressed under its equivalent Na,O
oxide form in said lime-based sorbent measured by XRF is
of at least 0.1 weight % of sodium, preferably at least 0.3
weight %, preferably at least 0.5 weight %, preferably at
least 0.7 weight %, preferably at most 15 weight %, pref-
erably at most 7 weight %, preferably at most 5 weight %,
preferably at most 2.5 weight % with respect to the total
weight of said sorbent under a dry form.

[0128] Preferably, the lime-based sorbent has a BET spe-
cific surface area comprised of at least 3 m*/g, preferably at
least 10 m*/g, more preferably at least 20 m?/g, preferably
at least 40 m*/g measured by manometry with adsorption of
nitrogen after degassing in vacuum at 190° C. for at least 2
hours and calculated according the multipoint BET method
as described in the ISO 9277/2010E standard.

[0129] Preferably, the lime-based sorbent a total BJH pore
volume of at least 0.01 cm?®/g, preferably at least 0.05 cm®/g,
more preferably at least 0.1 cm®/g, more preferably at least
0.2 cm®/g determined by manometry with adsorption of
nitrogen after degassing in vacuum at 190° C. for at least 2
hours and calculated according the multipoint BJH method
as described in the ISO 9277/2010E standard.

[0130]
blend of:

[0131] powdered particles of slaked lime having a par-
ticle size distribution comprised in a first range of
values, and;

[0132] powdered particles of said first additive having a
particle size distribution comprised in a second range of
values overlapping or being equal to the said first range.

[0133] The lime-based sorbent according to the invention
is obtained by a process of manufacturing comprising the
steps of:
[0134] slaking quicklime with water in a hydrator via a
non-wet route;

In one embodiment, the lime-based sorbent is a

[0135] collecting a slaked lime at an exit of the hydra-
tor;
[0136] characterized in that said process comprises a fur-

ther step of adding at least a first additive selected among the
group of hydrogels forming materials of natural or synthetic
origin, in particular superabsorbent polymers (SAPs) or in
the group of cellulose ethers or a combination thereof, said
first additive being added before, during or after said step of
slaking, at a weight ratio relative to the weight of said slaked
lime comprised between 0.2 and 10%, preferably at most 5
wt. %, more preferably at most 2.5 wt. %, wherein the
amount of said slaked lime is expressed under equivalent
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CaO and the amount of said first additive is expressed under
dry equivalent form after drying until constant weight at
150° C.

[0137] Preferably, the said first additive is selected among:

[0138] the group of hydrogels forming materials of
synthetic origin includes polyacrylates, polyacrylic
acids, crosslinked polyacrylates and polyacrylic acids
or crosslinked acrylamide and acrylate copolymers, in
particular those partially neutralized with sodium and/
or potassium,

[0139] the group of hydrogels forming materials of
natural origin includes guar gum, alginates, dextran or
xanthan gum or a combination thereof or

[0140] the group of cellulose ethers, includes hydroxy-
alkyl or carboxyalkyl cellulose ethers, in particular
carboxymethyl cellulose or hydroxyethyl methyl cel-
Iulose (HEMC).

[0141] In one embodiment of the manufacturing process,
the said first additive is added before or during the said step
of slaking and is provided at least partially or totally in
solution or in suspension and added to the water used for the
slaking step.

[0142] In another embodiment of the manufacturing pro-
cess, the said first additive is added after the slaking step and
is provided at least partially or totally in solution or in a
suspension and added to the slaked lime, for example by
spaying the additive to the collected slaked lime.

[0143] In another embodiment of the manufacturing pro-
cess, the said first additive is added before the step of
slaking, as a powder to the quicklime.

[0144] In another embodiment of the manufacturing pro-
cess, the said first additive is added after the step of slaking
on the collected slaked lime. Preferably the first additive
added after the step of slaking is under the form of a powder.
[0145] In another embodiment of the manufacturing pro-
cess of the lime-based sorbent according to the invention,
the manufacturing process further comprises a step of addi-
tion of a second additive being a salt or hydroxide of an
alkali metal before and/or during and/or after said step of
slaking, the amount of a salt or hydroxide of an alkali metal
being sufficient for obtaining in said slaked lime, a content
of'an alkali metal expressed in oxide equivalent of this alkali
metal equal to or greater than 0.2% and equal to or less than
3.5% by weight on the basis of the total weight of the slaked
lime.

[0146] Preferably, the said a salt or hydroxide of an alkali
metal is hydrosoluble and can be selected amongst sodium
hydroxide, sodium carbonate, sodium hydrogenocarbonate,
sodium nitrate, sodium phosphate, sodium persulfate or
sodium acetate. Preferably, the salt or hydroxide of an alkali
metal has a solubility at 20° C. in water superior or equal to
50 g/dm®, preferably superior or equal to 100 g/dm?>, pref-
erably superior or equal to 200 g/dm?, preferably superior or
equal to 300 g/dm’, preferably superior or equal to 500
g/dm®.

[0147] In one embodiment of the manufacturing process,
the second additive is added before, during or after the step
of slaking, and the first additive is added after the said step
of slaking, preferably under the form of a powder. The
second additive may be added under the form of a powder
or in a solution.

[0148] In the process of manufacturing the lime-based
sorbent according to the invention, the residence time of
quicklime being slaked inside the hydrator is preferably



US 2022/0347651 Al

comprised between 5 and 45 minutes, preferably between 20
and 40 minutes and more preferably between 25 and 35
minutes.

[0149] In an embodiment of the process of manufacturing
the lime-based sorbent wherein the first additive is added
before or during the said step of slaking, the process further
comprises a step of drying said lime-based sorbent and/or
granulometric cutting of said lime-based sorbent and/or
grinding or milling said lime-based sorbent.

[0150] In another embodiment of the process of manufac-
turing of the lime-based sorbent wherein the said first
additive is added to the slaked lime after the said step of
slaking, the process further comprises:

[0151] a step of granulometric cutting of the collected
slaked lime such that to remove a fraction of particles
outside a first range of values, and;

[0152] a step of granulometric cutting of the said first
additive under a powdered form such that to remove a
fraction of particles outside a second range of values
overlapping or being equal to the first range of values,
in order to provide particles of hydrated lime and
particles of first additive having similar particle size
distribution, and;

[0153] blending the said slaked lime and the said first
additive in a homogenizing device.

[0154] In another embodiment of the process of manufac-
turing according to the invention, the process comprises the
steps of:

[0155] providing quicklime with a predetermined par-
ticle size distribution comprised in a third range of
particle size defined by ad,,, andad,,,;

[0156] providing said first additive with a particle size
distribution comprised between a fourth range of par-
ticle size defined by a d,, . and a d,,,,,, overlapping or

comprised in the range of the said third range of particle
size and mixing the said first additive with the said
quicklime having a particle size distribution comprised
in a third range of particle size defined by ad,,, and a
d,,;, to form a premix;

[0157] slaking the said premix via a non-wet route in a
hydrator to obtain slaked lime containing said first
additive;

[0158] collecting slaked lime at an exit of the said
hydrator

[0159] optionally drying the said slaked lime;

[0160] optionally grinding the said slaked lime;

[0161] optionally sieving or air classifying said slaked
lime.

[0162] For example, said first additive can be classified to
have a particle size distribution with a d,,,,,, superior or equal
to 1 pm, and a d,,,, inferior or equal to 200 um and said
powdered slaked lime is classified such that to have a
particle size distribution with a d,,,, superior or equal to 1
um, and a d,,, .. 200 pm, alternatively with a d,,,,,, superior or
equal to 1 um, and a d,,,, inferior to 20 um, alternatively
with a d,,,;, superior or equal to 5 um, and a d,, . inferior to
20 um, alternatively with a d,,,;, superior or equal to 20 pm,
and a d,,, inferior to 35 pm, alternatively with a d,,,
superior or equal to 20 um, and a d,,,, inferior to 50 um,
alternatively with a d,,,, superior or equal to 50 pm, and a
d,,, . inferior to 100 um, alternatively with a d,,,;,, superior or
equal to 50 um, and a d,,,,, inferior to 150 um, alternatively

with a d,,,;,, superior or e,:n(izl);al to 100 um, and a d,,, ., inferior
to 200 pum.
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[0163] In an embodiment of the process of manufacturing
according to the invention, the said first additive is added
before the step of slaking to the quicklime such as to form
a premix which is provided into the hydrator for the step of
slaking. It can be advantageous in term of logistics and costs
for plants having a flue gas treatment installation and a
hydrator to provide a premix including quicklime and at
least the said first additive.

[0164] The premix according to the invention comprises:

[0165] at least 70 wt. %, more preferably at least 85 wt.
% of quicklime with respect to the total weight of said
premix under a dry form after drying until constant
weight at 150° C., and;

[0166] atleast 0.2 wt. % to at most 10 wt. %, preferably
at least 1 wt. % to at most 5 wt. %, more preferably at
least 1.2 wt. % to at most 2.5 wt. %, of a first additive
selected among the group of hydrogels forming mate-
rials of natural or synthetic origin, in particular super-
absorbent polymers (SAPs) or in the group of cellulose
ethers or a combination thereof, with respect to the total
weight of said premix under a dry form after drying
until constant weight at 150° C.

[0167] Preferably, in the premix, the said powdered quick-
lime and said powdered first additive are under the form of
a blend of powders comprising:

[0168] powdered particles of quicklime having a par-
ticle size distribution comprised in a third range of
values d,,,, and d,,,,.. and;

[0169] powdered particles of said first additive having a
particle size distribution comprised in a fourth range of
values d,, . and d,,,, overlapping or being equal to the
said third range.

[0170] In an embodiment of the premix, the quicklime is
provided preferably after a step of grinding and optionally
after a step of granulometric cutting, with a particle size
distribution defined by a first set of values ofd,,,,,andd,, .,
and the said first additive is selected, for example after a step
of granulometric cutting of such as to have a particle size
distribution defined by a second set of values of d,,,,,, and
d,,,..- Advantageously, the value ds, of one of the quicklime
or the said first additive is comprised between the values
d,, and d,, . of the other. Preferably both values of ds, of
the quicklime and of the first additive are comprised
between the values d,,,;, and d,,,, of each other. Similar
particle size distribution of quicklime and said first additive
advantageously prevents segregation of both compounds.
[0171] In another embodiment, the said premix can also
contain the said second additive.

[0172] The lime-based sorbent according to the invention,
obtained from a process as described herein is advanta-
geously used in a flue gas treatment process including
circulating dry scrubber process or dry sorbent injection
process.

[0173] The present invention is also related to a flue gas
treatment process wherein gas containing pollutants are
circulated through a duct before reaching a particulate
control device, characterized in that it comprises a step of
injection of a lime-based sorbent as disclosed herein.
[0174] In one embodiment the flue gas treatment process
is a circulating dry scrubber process. Circulating dry scrub-
ber (CDS) units or facilities are well known in the art and are
operated for removing pollutants from flue gases. CDS
technology was first developed for SO, removal in coal-fired
power plants. Today it is also used in flue gas treatment for
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industrial furnaces and boilers that use biomass, industrial or
municipal waste as fuels. The CDS process is able to remove
both acidic gas components and micro-pollutants. It is based
on the recirculation of filter residue which consists of
sorbent reaction products and fly ash from the filter. CDS
units operate with calcium-based sorbents.

[0175] A non-limitative example of a CDS is represented
in FIG. 1. The CDS facility 100 is arranged downstream of
a gas burner 200 which is connected by a first duct 101 to
the bottom of a reactor 102. A reservoir 107 containing fresh
sorbent is connected by a second duct 108 to the bottom of
the reactor 102 and a metering device 109 is arranged
between the second duct and the bottom of the reactor for
injecting fresh sorbent when required. The gas 300 contain-
ing pollutants flows from the burner 200 through the first
duct 101, then through the reactor 102 wherein pollutants
react with the fresh sorbent, then the gas and the partially
reacted sorbent are filtered through a particulate filter device
103 arranged downstream of the reactor 102 and upstream of
a stack 110. The particulate filter device 103 comprises a
plurality of baghouse filters 104. The reacted sorbent, the
unreacted sorbent and optionally fly ashes collected to the
baghouse filters 104 form the residues. The residues col-
lected are removed from the baghouse filters 104 and falls
into hoppers 105 at the bottom of the particle filter device
103 while the flue gas depleted in pollutants is evacuated
through the stack 110. The residues are directed to a con-
ditioning mixer 106 comprising a mixer shaft 111 and
wherein water is added to reactivate the residue before the
being recycled into the reactor 102.

[0176] In a process of flue gas treatment using a circulat-
ing dry scrubber unit or facility according to the present
invention, fresh lime-based sorbent as disclosed herein is
introduced in the CDS facility. The sorbent according to the
present invention is able to provide a residue which has a
good flowability in the CDS process, thereby preventing
sticking in pipes, ducts or other parts of the circulating dry
scrubber unit or facility. The sorbent according to the
invention is able to release its water at low temperature,
typically at the temperature of the circulating dry scrubber
unit or facility between 50° C. and 350° C. The lime-based
sorbent according to the present invention provides a residue
in a CDS process that presents good flowability properties,
even with high moistures also called carried water such as
more than 10 weight % in the residue circulating in a
circulating dry scrubber unit with respect to the total weight
of said sorbent under a dry form.

[0177] In one embodiment, the flue gas treatment process
is a dry sorbent injection (DSI) process. Such a process is
more simple than circulating dry scrubber process and
comprises a step of dry injection of the lime-based sorbent
as described herein into the flue gas before a filtering unit,
usually a bag filter, or an electrostatic precipitator. The
lime-based sorbent reacts with the pollutants in a single pass.
[0178] The reaction between the gas-phase pollutants and
the sorbent occurs in the reactor or flue gas duct and
continues in the filter, especially with a bag filter. The
reaction products and fly ash from the process are captured
by downstream filtering equipment.

[0179] One of the advantages of using the lime-based
sorbent according to the invention in a dry sorbent injection
process, is that the first additive can capture the moisture and
thereby minimize sticking of the sorbent into the storage silo
or into the injection pipe connected to the flow gas duct.
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EXAMPLES

Description of the Pilot Plant

[0180] Experiments are conducted in a CDS pilot unit
which comprises three main units connected together: a
reactor, a filter means and a mixing zone. The reactor is a
Venturi reactor and comprises a vertical thermally insulated
tube (7 m long, 4 cm diameter).

[0181] The bottom of the reactor comprises an inlet for
injecting a flow of synthetic gas containing acid gas (N,, O,,
H,0, CO,, SO,). The synthetic gas flows through the reactor
and then through a fabric bag house filter arranged at the top
of the reactor and which comprises 6 sleeves, each one
having a surface of 0.1 m>.

[0182] The temperature of the synthetic gas flow is mea-
sured at the baghouse filter and controlled at the bottom of
the reactor by heating resistances to reach 100° C. at the
baghouse filter.

[0183] The bottom of the reactor comprises an inlet for
injection of fresh sorbent and an inlet for injection of
recycled materials which are reacted fresh sorbent having
circulated at least once through the reactor. The fresh sorbent
is introduced in the bottom of the reactor through pneumatic
conveying, whereas recirculated material is introduced in
the bottom of the reactor via a dosing screw. The range of
injection rates are respectively 0 to 300 g/h for the fresh
sorbent and 0 to 6000 g/h for the recycled materials.
[0184] The solids particles of fresh sorbent and/or
recycled materials are entrained by the gas flow through the
reactor to the fabric filter. The fabric filter (filter means)
separates the gas from the solid particles comprising at least
partially reacted fresh sorbent and the recirculated material
(the residue).

[0185] The solid residue is then stored and conveyed by
means of three hoppers equipped with butterfly valves: a
buffer hopper, an extraction hopper where a fixed amount of
product is taken out to keep the mass balance in the system
in case of injection of fresh sorbent, and a weighing hopper.
The residue is then dosed in the conditioning mixer (mixing
zone) thanks to a conveying screw.

[0186] Inthe conditioning mixer, a given quantity of water
is thoroughly mixed with the recycled material. The water
content added to the recycled material can vary from 0.1
weight % up to 30 weight % with respect to the total weight
of'the sorbent fed to the mixer. Water is injected in the mixer
thanks to a stainless steel hollow cone nozzle.

[0187] The conditioning mixer comprises an elongated
recipient comprising two shafts extending from a first
extremity to a second extremity. The recipient of the con-
ditioning mixer has a capacity of about 7 dm®>. A first inlet
for introducing the residue in the recipient is arranged close
to the first extremity of the recipient and a water injection
nozzle is arranged downstream the first inlet and at the
vicinity of said first inlet for introducing water in said
recipient and for humidifying the said residue. An outlet for
evacuating the humidified residue out of the recipient is
arranged at the bottom of the recipient close to its second
extremity. The two shafts are arranged in the recipient
parallel to each other and are provided with oriented flat
paddles with interpenetrating rotation (center flow upwards).
The shafts fit into a cylinder of a first diameter D1 and the
outermost extremities of the paddles fit into a cylinder of a
second diameter D2. The central axes of both shafts are
spaced from each other at a distance strictly longer than the
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first diameter D1 and inferior to the second diameter D2. The
bottom of the recipient is profiled as a double rounded
bottom matching with the cylinder of rotation formed by the
paddles and such that the paddles never touch the double
rounded bottom of the recipient. Each paddle of one of the
shafts is offset from the paddles of the other shaft such that
to allow rotation of the shafts. Each paddle of a same shaft
is radially offset from an angle of 120° relative to the
adjacent paddle. At the vicinity of the first extremity of the
recipient, both shafts comprise two first paddles oriented at
20° relative to the longitudinal axis of the shaft, such as to
convey the residue under the water injection nozzle. Both
shaft further comprises five paddles arranged downstream
the two first paddles and oriented with and angle of 50°
relative to the longitudinal axis of the shafts in order to
produce intensive backmixing and thus an accumulation of
residue in the mixing zone. Both shafts further comprise four
last paddles arranged downstream the said five paddles and
oriented at an angle of 20° relative to the longitudinal axis
of the shaft such as to push the humidified residue progres-
sively out of the mixer. Such kinds of conditioning mixer are
commonly used in CDS facilities.

[0188] After the mixer, the humidified residue falls into a
longitudinal hopper equipped with a bridge breaker and a
conveying screw to reintroduce the humidified residue in the
reactor.

[0189] The behavior of the sorbent according to the pres-
ent invention and the behavior of a comparative sorbent are
tested in the CDS pilot unit.

[0190] A testing protocol is realized to evaluate the
response in term of product stickiness and overall CDS
process operability of the converted solid material (less than
10% free lime) circulating into the equipment to an increas-
ingly high amount of water added on the recirculated
material into the conditioning mixer.

[0191] In a first phase of the testing protocol, the initially
unreacted fresh sorbent considered is put in presence of SO,
and CO, to obtain a sorbent converted into a residue. The
conversion of the sorbent into residue is considered achieved
when the available lime Ca(OH), measured in the residue is
lower than 10 wt. %. In order to accelerate the conversion of
the sorbent, the unreacted fresh sorbent is added at once at
the beginning of the test and no further fresh sorbent is
added at a later stage.

[0192] In a second phase of the testing protocol, the
residue is recirculated in the CDS pilot unit while progres-
sively increasing the amount of water added into the con-
ditioning mixer until a problem in the CDS pilot unit occurs,
e.g. pressure drop, clogging, pasty residue. The highest
amount of water (in % w/w) achieved still leading to
nominal operation is considered as the result of the test. It is
wished to have a residue which can flow in the CDS pilot
unit under relatively high values of moisture. A sorbent
providing such a residue in the CDS pilot unit is therefore
more efficient in term of SO, uptake and can be regenerated
more times and recirculated for a longer time, resulting in a
decrease of consumption of sorbent.

Comparative Example

[0193] In the comparative example, the fresh sorbent used
is a sample of slaked lime which doesn’t comprise any
additive. This slaked lime is produced industrially in one of
the applicant’s hydration plants. In this plant, a three-stage
hydrator (Pfeiffer) is fed with a 0-3 mm quicklime at 4 t/h
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and with water. The amount of water is adjusted in order to
target a moisture content in the product coming out of the
hydrator below 1%. This moisture content is measured by
loss on drying at 150° C. The temperature inside the
hydrator is also used as a process control parameter, espe-
cially the temperature measured in the second stage that
should be ranging typically between 100 and 105° C. From
the outlet of the hydrator, the product is brought to an air
classifier via a conveying screw and a bucket elevator.
[0194] In this classifier, the product is cut into a coarse
fraction (typically >65 um) and a fine fraction (typically <65
um), the latter going then directly to a storage silo. The
slaked lime of the comparative example presents the fol-
lowing physical properties:

[0195] a moisture content of 1wt. % measured by loss
on drying at 150° C.,

[0196] a specific surface area BET of 14 m*/g measured
by manometry with adsorption of nitrogen after degas-
sing in vacuum at 190° C. for at least 2 hours and
calculated according the multipoint BET method as
described in the ISO 9277/2010E standard,

[0197] a pore volume of 0.063 cm®/g determined by
manometry with adsorption of nitrogen after degassing
in vacuum at 190° C. for at least 2 hours and calculated
according the BJH method as described in the ISO
9277/2010E standard, and

[0198] a d98 of less than 70 pm, measured by laser
granulometry in methanol after 2 minutes of sonication
at 100 W.

[0199] The slaked lime of the comparative example is
tested in the CDS pilot unit according to the testing protocol
described above. In the first phase of the testing protocol, an
amount of 4.2 kg of the fresh sorbent is loaded in the CDS
pilot unit. The fresh sorbent is directly injected at the bottom
of the reactor by a reinjection screw. The flow rate of the
synthetic gas is setup to 25 Nm>/h, and its composition is a
mixture of gas described in table 1.

TABLE 1
Parameter Setpoint
Gas
Total flowrate 25 Nm%h
Hcl 0 Ndm*/h
SO, 25 Ndm%h (1000 ppm - 0.1%)
N, 100 Ndm?3/h
CO, 250 Ndm?>/h (1%)
H,O (steam) 2000 Ndm?/h - 8% (vol)
Gas balance air
Temperature 100° C. at the filter
Sorbent

Fresh sorbent introduced at once 4.2 kg
Fresh sorbent feed rate 0 gh
(continuous)

Recirculation flowrate
Water added in mixer

2.5 kg/h to 4 kg/h
10% (w/w)

[0200] The residue is separated from the gas by the
baghouse filter which is automatically cleaned with air
pulses when the differential pressure over the filter reaches
6 mbar. The residue is then collected, and falls through a
cascade of hoppers to reach the conditioning mixer, wherein
the residue is added at a flow of 2500 g/h to be mixed with
250 mL/h of water to obtain a moisturization of 10%. This
humidified residue is then reintroduced at the bottom of the
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reactor and recirculated again. When the residue exhibits a
good behavior in term of flowing, e.g. when 200 g of residue
can be dosed in the reactor in less than 120 seconds,
generally after 7 hours, the recirculation flow is set at 4000
g/h, to be mixed with 400 mL/h of water to keep a mois-
turization of 10%.

[0201] Twice a day, at periods of time spaced from at least
3 hours, a first sample of the residue is collected after the
mixing zone and a second sample of the residue is collected
in the weighing hopper (also equivalent to the reactor outlet)
for analyzing the content in carbonate, sulfur species (sulfate
or sulfite) and unreacted Ca(OH), (available lime). The
conversion of the sorbent into residue is considered achieved
when the available lime Ca(OH), measured in the residue is
lower than 10 wt. %.

[0202] In the second phase of the protocol, the gas flow
rate is maintained at 25 m>/h and injection of SO, and CO,
are stopped. The recirculation flowrate of the residue is
maintained at 4 kg/h and the humidity in the mixer is
increased from 12 by steps of 2% at periods of time of at
least 3 hours until a problem of clogging or pressure drop
occurs.

[0203] For each step of increasing the humidity, at least
one sample is collected at the filter and out of the mixer for
measuring the moisture content of each residue by loss of
drying at 150° C.

[0204] The highest amount of water added in the mixer
that the installation could properly handle for the sample of
the comparative example was 18%. Beyond this limit, the
installation suffered from numerous process issues (severe
cloggings, high pressure drops) induced by the high sticki-
ness of the residue.

Example 1

[0205] In this example, the slaked lime of the comparative
example has been used as a raw material and blended with
a superabsorbent polymer which is a reticulated sodium
polyacrylate having a particle size distribution d,,,, inferior
to 400 pum commercialized under the name
Apromud™P150X1, and supplied by the company Aprotek
(see for example FR 3 029 195). The superabsorbent poly-
mer is used as received and contains already 5% of moisture
(measured by loss on drying at 150° C.), which can come
from the air captured during handling and storage (storage at
temperatures between 0 and 35° C.). In order to produce 5
kg of' blend, 10 batches containing each 487.5 g of the slaked
lime described above and 12.5 g of Apromud™P150XL. are
individually mixed in a Turbula® shaker-mixer for 10 min.
The 10 batches are then put altogether in a 20 L capacity
planetary mixer (brand Hobart) where they are mixed to
produce a single batch of 5 kg. This batch contains 2.5 wt %
of Apromud™ P150XL.. Another sample is prepared in the
same manner with adapted amounts to obtain a batch
containing 10% of Apromud™P150XL..

[0206] The blend containing 2.5% of Apromud™P150XL.
is analyzed before being tested in the CDS pilot unit, and its
main properties are shown here below:

[0207] amoisture content of 1.1 wt. % measured by loss
on drying at 150° C.,

[0208] a specific surface area BET of 14.2 m*/g mea-
sured by manometry with adsorption of nitrogen after
degassing in vacuum at 190° C. for at least 2 hours and
calculated according the multipoint BET method as
described in the ISO 9277/2010E standard,
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[0209] a pore volume of 0.065 cm®/g determined by
manometry with adsorption of nitrogen after degassing
in vacuum at 190° C. for at least 2 hours and calculated
according the BJH method as described in the ISO
9277/2010E standard, and

[0210] a d98 of less than 80 pum, measured by laser
granulometry in methanol after 2 minutes of sonication
at 100 W.

[0211] The blends containing 2.5% and 10% of
Apromud™P150XL are further characterized by "H NMR.
[0212] The additive partially solubilize in a mixture of
water and acetonitrile making a trouble solution. 15 mg of
powdery Apromud™P150XL are mixed in a vial with 15 ul
of D,O and 35 pl of CD,CN and agitated vigorously for a
few seconds to obtain a trouble solution which is analyzed
by 'H NMR with a probe HR-MAS (high resolution magic
angle spinning) dedicated for semi-solid mixtures. "H NMR
spectra is registered with 64 scans at ambient temperature,
with a presaturation of the water peak and a rotation of 5000
Hz. Most of the signals are large because of the jellifying
behavior of Apromud™P150XL in presence of water. The
spectrum of Apromud™P150XL. is presented in FIG. 2 with
the reference number 1.

[0213] 15 pg of the powdery blend containing 10% of
Apromud™P150XL is mixed in a vial with 20 ul of CD,CN
and 40 ul of D,0, forming a slurry which is analyzed by 'H
NMR with a probe HR-MAS (high resolution magic angle
spinning) dedicated for semi-solid mixtures. "H NMR spec-
tra is registered with 64 scans at ambient temperature, with
a presaturation of the water peak and a rotation of 5000 Hz.
The spectrum of the blend containing 10% of
Apromud™P150XL is presented in FIG. 2 with the refer-
ence number 2.

[0214] 15 pl of the powdery blend containing 2.5% of
Apromud™P150XL is mixed with 20 pl of CD,CN and 40
ul of D,O, forming a slurry which is analyzed by by "HNMR
with a probe HR-MAS (high resolution magic angle spin-
ning) dedicated for semi-solid mixtures. "H NMR spectra is
registered with 64 scans at ambient temperature, with a
presaturation of the water peak and a rotation of 5000 Hz.
The spectrum of the blend containing 2.5% of
Apromud™P150XL is presented in FIG. 2 with the refer-
ence number 3.

[0215] The spectrums of both blends are similar with more
intense signals for the blend containing 10% of
Apromud™P150XL, and also with a supplementary signal
around 5 ppm for the Apromud™P150XL. alone and for the
most concentrated sample. Comparison of the blends spec-
trums with the Apromud™P150XL. alone shows the pres-
ence of similar signals which are surrounded in FIG. 2, even
if some chemical shifts and some additional larger signals
are present on the spectra of Apromud™P150XL alone.
Those shifts and additional signals can be explained by
different behaviour of Apromud™P150XI. in water wherein
Apromud™P150XT, might be completely jellified by water
absorption whereas in presence of lime, a milky solution is
obtained. Therefore, it is possible to detect the
Apromud™P150XL additive in sample of sorbent according
to the invention for a concentration relatively low of
Apromud™P150X1, additive such as 2.5% in weight of
sorbent by "H NMR using a probe HR-MAS.

[0216] The blend of slaked lime—reticulated sodium
polyacrylate as obtained above is tested in the CDS pilot unit
according to the testing protocol described above. In a first
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phase of the testing protocol, an amount of 4.2 kg of the
fresh sorbent (i.e. the blend of slaked lime—reticulated
sodium polyacrylate) is loaded in the CDS pilot unit. The
fresh sorbent is directly injected at the bottom of the reactor
by a reinjection screw. The synthetic gas flow rate setup in
the process is 25 Nm>/h, and its composition is the same as
presented for the comparative example in table 1.

[0217] The residue is separated in a baghouse filter which
is automatically cleaned with air pulses when the differential
pressure over the filter reaches 6 mbar. The residue is then
collected, and falls through a cascade of hoppers to reach the
conditioning mixer wherein the residue is introduced at a
flow of 2500 g/h to be mixed with 250 mL/h of water to
obtain a moisturization of 10%. This humidified residue is
then reintroduced at the bottom of the reactor and recircu-
lated again. When the residue exhibits a good behavior in
term of flowing, e.g. when 200 g of residue can be dosed in
the reactor in less than 120 seconds, generally after 7 hours,
the recirculation flow is set at 4000 g/h, to be mixed with 400
ml/h of water to keep a moisturization of 10%.

[0218] Twice a day, at periods of time spaced from at least
3 hours, a first sample of the residue is collected after the
mixing zone and a second sample of the residue is collected
in the weighing hopper (also equivalent to the reactor outlet)
for analyzing the content in carbonate, sulfur species (sulfate
or sulfite) and unreacted Ca(OH), (available lime). The
conversion of the sorbent into residue is considered achieved
when the available lime Ca(OH), measured in the residue is
lower than 10 wt. %.

[0219] In the second phase of the protocol, the gas flow
rate is maintained at 25 m>/h and injection of SO, and CO,
are stopped. The recirculation flowrate of the residue is
maintained at 4 kg/h and the humidity in the mixer is
increased from 12 by steps of 2% at periods of time of at
least 3 hours until a problem of clogging or pressure drop
occurs.

[0220] For each step of increasing the humidity, at least
one sample is collected at the filter and out of the mixer for
measuring the moisture content of each residue by loss of
drying at 150° C.

[0221] The highest amount of water added in the mixer
that the installation could properly handle for the sample of
the example was 28%. Beyond this limit, the residue
becomes too pasty and the process cannot be run anymore.
[0222] The blend slaked lime—reticulated sodium poly-
acrylate according to the invention is therefore able to run
longer in the CDS pilot unit with higher moisture content
compared to a slaked lime having similar physical properties
but without additive.

1. Lime-based sorbent suitable for use in a flue gas
treatment process comprising:
at least 70 wt. % of Ca(OH), with respect to the total
weight of said lime-based sorbent under a dry form
after drying until constant weight at 150° C., and;
at least 0.2 wt. % to at most 10 wt. % with respect to the
total weight of said lime-based sorbent under a dry
form after drying until constant weight at 150° C., of a
first additive selected from the group consisting of
hydrogels forming materials of natural or synthetic
origin, namely, superabsorbent polymers (SAPS) or in
the group of cellulose ethers or a combination thereof.
2. Lime-based sorbent according to claim 1, wherein the
said first additive is selected from the group consisting of:
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the group of hydrogels forming materials of synthetic
origin including polyacrylates, polyacrylic acids, cross-
linked polyacrylates and polyacrylic acids, or cross-
linked acrylamide and acrylate copolymers, namely
those partially neutralized with sodium and/or potas-
sium, or the group of hydrogels forming materials of
natural origin including guar gum, alginates, dextran or
xanthane gum or a combination thereof and/or;

the group of cellulose ethers, including hydroxyalkyl or

carboxyalkyl cellulose ethers, namely carboxymethyl
cellulose or hydroxyethyl methyl cellulose (HEMC).

3. Lime-based sorbent according to claim 1, wherein the
said superabsorbent polymer is selected from the group
consisting of crosslinked polymers of acrylic or methacrylic
acid, crosslinked graft copolymers of the polysaccharide/
acrylic or methacrylic acid, crosslinked terpolymers of
acrylic acid or methacrylic acid/acrylamide/sulfonated acry-
lamide and their alkaline earth or alkaline metal salts.

4. Lime-based sorbent according to claim 1, further
comprising sodium wherein the amount of sodium expressed
under its equivalent Na,O oxide form in said lime-based
sorbent measured by XRF is of at least 0.1 weight % of
sodium, preferably at most 15 weight % with respect to the
total weight of said sorbent under a dry form.

5. Lime-based sorbent according to claim 1, having a BET
specific surface area comprised of at least 3 m*/g measured
by manometry with adsorption of nitrogen after degassing in
vacuum at 190° C. for at least 2 hours and calculated
according the multipoint BET method as described in the
ISO 9277/2010E standard.

6. Lime-based sorbent according to claim 1, having a total
BJH pore volume of at least 0.01 cm®/g determined by
manometry with adsorption of nitrogen after degassing in
vacuum at 190° C. for at least 2 hours and calculated
according the multipoint BJH method as described in the
ISO 9277/2010E standard.

7. Premix for use in a process of manufacturing of a
lime-based sorbent, the premix comprising:

at least 70 wt. % of quicklime with respect to the total

weight of said premix under a dry form after drying
until constant weight at 150° C., and;

at least 0.2 wt. % to at most 10 wt. %, with respect to the

total weight of said premix under a dry form after
drying until constant weight at 150° C., of a first
additive selected from the group consisting of hydro-
gels forming materials of natural or synthetic origin,
namely, superabsorbent polymers (SAPs) or in the
group of cellulose ethers or a combination thereof, with
respect to the total weight of said premix under a dry
form.

8. Process of manufacturing a sorbent suitable for a use in
a flue gas treatment process, the process of manufacturing
comprising the steps of:

slaking quicklime with water in a hydrator via a non-wet

route;

collecting a slaked lime at an exit of the hydrator;
characterized in that said process comprises a further step of
adding at least a first additive selected from the group
consisting of hydrogels forming materials of natural or
synthetic origin, namely, superabsorbent polymers (SAPs)
or in the group of cellulose ethers or a combination thereof,
said first additive being added before, during or after said
step of slaking, at a weight ratio relative to the weight of said
slaked lime comprised between 0.2 and 10%, wherein the
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amount of said slaked lime is expressed under equivalent
CaO and the amount of said first additive is expressed under
dry equivalent form after drying until constant weight at
150° C.
9. Process of manufacturing according to claim 8, wherein
the said first additive is selected from the group consisting
of
the group of hydrogels forming materials of synthetic
origin includes crosslinked polyacrylates or crosslinked
acrylamide and acrylate copolymers, namely, those
partially neutralized with sodium and/or potassium,

the group of hydrogels forming materials of natural origin
includes guar gum, alginates, dextran or xanthan gum
or a combination thereof or

the group of cellulose ethers, including hydroxyalkyl or

carboxyalkyl cellulose ethers, namely, carboxymethyl
cellulose or hydroxyethyl methyl cellulose (HEMC).

10. Process of manufacturing according to claim 8,
wherein

said first additive is provided at least partially in a solution

or in a suspension and added to said water and/or to the
slaked lime, and/or;

said first additive is provided at least partially under solid

form and added to said quicklime and/or to the slaked
lime.

11. Process of manufacturing according to claim 8, char-
acterized in that it further comprises a step of addition of an
amount of a second additive being a salt or hydroxide of an
alkali metal before and/or during and/or after said step of
slaking, the amount of a salt or hydroxide of an alkali metal
being sufficient for obtaining in said slaked lime, a content
of'an alkali metal expressed in oxide equivalent of this alkali
metal equal to or greater than 0.2% and equal to or less than
3.5% by weight on the basis of the total weight of the slaked
lime.
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12. Process of manufacturing according to claim 8,
wherein the residence time of quicklime being slaked inside
the hydrator is comprised between 5 and 45 minutes.

13. Process of manufacturing according to claim 8, in
which the first additive is added before or during the said
step of slaking, further comprising a step of drying said
lime-based sorbent and/or a step of granulometric cutting of
said lime-based sorbent and/or grinding or milling said
lime-based sorbent.

14. Process of manufacturing according to claim 8 in
which the said first additive is added to the slaked lime after
the said step of slaking, the process further comprising:

a step of granulometric cutting of the collected slaked
lime such that to remove a fraction of particles outside
a first range of values, and;

a step of granulometric cutting of the said first additive
under a powdered form such that to remove a fraction
of particles outside a second range of values overlap-
ping or being equal to the first range of values, in order
to provide particles of hydrated lime and particles of
additive having similar particle size distribution, and;

blending the said slaked lime and the said first additive in
a homogenizing device.

15. Use of a lime-based sorbent according to claim 1, in
a flue gas treatment process including circulating dry scrub-
ber process or dry sorbent injection process.

16. Flue gas treatment process wherein gas containing
pollutants are circulated through a duct before reaching a
particulate control device, characterized in that it comprises
a step of injection of a lime-based sorbent according to claim
1.
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