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METHOD FOR PREPARING A POLYMER BY RADICAL POLYMERIZATION IN
INVERSE EMULSION

Technical field of the invention

The present invention relates to a method for preparing a water-soluble block polymer by radical

polymerization, by reversible addition-fragmentation chain transfer in inverse emulsion.
Prior art

Block polymers are polymers composed of at least two different monomer blocks. To obtain
them, it is custom to polymerise a first monomer phase and then add a second different monomer
phase. There are different techniques to obtain these polymers, like controlled radical
polymerisation, template polymerisation, polymerisation on a macromonomer, the
functionalisation of prepolymers enabling the formation of a covalent bond between said
prepolymers, or also the use of two monomers having a reactivity ratio broadly in favour of one

of the two.

High molecular weight block polymers are impossible to prepare in solution, or thus with a very
low concentration. Indeed, the high viscosity resulting from the formation of the polymer
prevents the homogeneous incorporation of a second hydrophilic phase, leading to composition

derivatives of the final polymer and a limited molecular weight.

Inverse emulsion polymerisation (water-in-oil) is known to avoid problems linked to the
viscosity of the polymerised solution, it consists of dissolving the monomers in an aqueous
solvent, of emulsifying the monomer solution in an oil to obtain a water-in-oil emulsion, and of

performing the polymerisation of monomers in the dispersed phase of the emulsion.

Documents US4152200, US4191645, US4217262 and US5171783 disclose the preparation of a
polymer by means of an inverse emulsion method comprising the progressive addition, during
the polymerisation, of a hydrophilic phase comprising monomers. This results in a poor
incorporation of the hydrophilic phase in the inverse emulsion, thus a plurality of droplets are
obtained, having different monomeric compositions, which leads to composition derivatives of

the desired polymer.

WO 2008/000766 discloses a method for preparing a block copolymer by controlled radical

polymerization of a diallyl amine derivative monomer.

WO 2020/094963 discloses a method for preparing high molecular weight polymers by
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controlled radical polymerization.

The Applicant has developed a radical polymerisation method, making it possible to obtain
inverse emulsions with a good incorporation of the hydrophilic phase, which thus makes it

possible to access high molecular weight and high concentration block polymers.

Without wanting to be linked to any theory, the Applicant puts forward the possibility that the
combination between (1) a control agent used for a polymerisation by reversible addition-
fragmentation chain transfer, (2) the size of the polymer chains of the prepolymer formed in a
first step and (3) the control of the viscosity of the hydrophilic phase of the inverse emulsion,
enables a better integration of a second hydrophilic phase to the first hydrophilic phase of the

inverse emulsion already formed.

The method of the invention falls under a principle of environmental awareness and of the
impact of industries and man on the planet. This method enables the obtaining of high
concentration, high molecular weight block polymers, thus improving the yield with respect to a
conventional polymerisation and the use of an inverse emulsion makes it possible to reduce the
quantity of energy associated with the homogenisation of the less viscous medium, making it
possible to reduce the quantity of greenhouse gas emissions such as the CO; associated with the

production of these polymers.
Disclosure of the invention

The invention relates to a method for preparing, by radical polymerisation, a water-soluble block
polymer by reversible addition-fragmentation chain transfer in inverse emulsion comprising the
following steps:

a) Mixing a hydrophilic phase PH1 and a lipophilic phase PL1 under stirring, in order to form an
inverse emulsion EMI1, the hydrophilic phase PH1 comprising at least one hydrophilic solvent

SH1, at least one monomer A and at least one water-soluble control agent of formula (I):

S\ i
/

RymemZ

™
S

3

)

wherein
- Z represents O, S or NR3;

-Rj and R; and R3, identical or different, represent:
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* an optionally substituted alkyl, acyl, alcenyl or alcynyl group (1), or

* a carbon cycle (ii), saturated or not, optionally substituted or aromatic, or

* a heterocycle (iii), saturated or not, optionally substituted or aromatic,

these groups and cycles (i), (i1) and (iii) being able to be substituted by substituted aromatic
groups or by alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxy (-COOH), acyloxy (-O2CR),
carbamoyl (-CON(R)»), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl,
arylalkylcarbonyl, phtalimido, maleimido, succinimido, amidino, guanidimo, hydroxy (-OH),
amino (-N(R)2), halogen, allyl, epoxy, alkoxy (-OR), S-alkyl, S-aryl groups, groups having a
hydrophilic or ionic character, such as carboxylic acid alkaline salts, sulfonic acid alkaline salts,
alkylene polyoxide chains (POE, POP), cationic substitutes (quaternary ammonium salts);

- R representing a C1-Cao alkyl or aryl group;

- R3 can further represent a hydrogen atom.

- Q is single bond between the sulfur atom and the Rz group, or a linear or structured polymer
chain comprising n identical or different hydrophilic monomers comprising at least one ethylenic
function;

- n is an integer of between 2 and 500, advantageously between 2 and 100, more between
advantageously 2 and 50,

the lipophilic phase PL1 comprising at least one lipophilic solvent and at least one water-in-oil
emulsifying agent;

b) Polymerisation P1, in the presence of at least one initiator, of at least the monomer A of the
inverse emulsion EMI1 to form a prepolymer PP1 having a molecular weight of between 10 000
and 3 000 000g/mol and having an apparent viscosity of between 400 and 100 000cps;

c) Addition to and mixture to the inverse emulsion EMI1, of a hydrophilic phase PH2
comprising at least one hydrophilic solvent SH2, at lecast one monomer B to form an inverse
emulsion EMI2;

the hydrophilic phase PH2 and the hydrophilic phase PH1 having distinct compositions,

d) Polymerisation P2, in the presence of at least one initiator, of at least the monomer B on the

prepolymer PP1, in order to form a water-soluble block polymer.

According to an embodiment, Z = S-Q’ (formula (I) = R;-Q’-S-C(=S)-S-Q-R2), wherein Q’ is a
linear or structured polymeric chain comprising n’ identical or different monomers comprising at
least one ethylenic function. Q’ and n” are defined according to the definition of Q and n, as

shown above below. Q and Q” may be equal or different. n and n’ may be equal or different.

The present invention also relates to a water-soluble block polymer obtained according to this
method.



10

15

20

25

WO 2025/141012 PCT/EP2024/088216

The present invention also relates to the use of this water-soluble block polymer in: hydrocarbon
recovery (oil or gas); drilling wells; cementing wells; stimulation of hydrocarbon wells (oil or
gas), for example hydraulic fracturing; conformance; diversion; open, closed or semi-closed
circuit water treatment; treatment of fermentation broth; sludge treatment; construction, paper or
cardboard manufacture; batteries; wood treatment; treatment of hydraulic composition (concrete,
cement, mortar and aggregates); mining; formulation of cosmetic products; formulation of

detergents; textile manufacture; geothermal energy; manufacture of nappies; or agriculture.

Finally the present invention also relates to the use of this water-soluble block polymer as a
flocculant, coagulant, binding agent, fixing agent, viscosity reducing agent, thickening agent,
absorbent agent, friction reducing agent, draining agent, filler retention agent, dehydrating agent,
conditioning agent, stabilising agent, film-forming agent, sizing agent, superplasticising agent,

clay inhibitor or dispersant.
Description of the invention

By "polymer", is meant a polymer obtained from at least two different monomers, this can be a

copolymer, a terpolymer or a polymer prepared from more than three different monomers.
By "block polymer", is meant di-blocks, tri-blocks or multi-blocks.

By "hydrophilic monomer", is meant a monomer that has an octanol-water partition coefficient,
Kow, less than or equal to 1, wherein the partition coefficient Kow is determined at 25°C in an

octanol-water mixture with a volume ratio of 1/1, at a pH of between 6 and 8.

By "hydrophobic monomer", is meant a monomer that has an octanol-water partition coefficient,
Kow, greater than 1, wherein the partition coefficient Kow is determined at 25°C in an octanol-

water mixture with a volume ratio of 1/1, at a pH of between 6 and 8.

The octanol-water partition coefficient, Kow, represents the ratio of concentrations (g/L) of a

monomer between the octanol phase and the aqueous phase. It is defined as follows:

_ [monomer]octanol

K. =
o [monomer]water

By "water-soluble polymer" or "water-soluble control agent", is meant a polymer or an agent
which gives an aqueous solution without insoluble particle, when it is dissolved under stirring at

25°C and with a concentration of 10g.L! in deionised water.
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By "X and/or Y", is meant "X", or "Y", or "X and Y".

The invention also includes all possible combinations of the various embodiments disclosed,
whether they are preferred embodiments or given by way of example. Furthermore, when ranges
of values are indicated, the limit values are included in these ranges. The disclosure also includes
all of the combinations between the limit values of these ranges of values. For example, the
ranges of values “1-20, preferably 5-15” imply disclosure of the ranges “1-57, “1-157, “5-20”
and “15-20” and the values 1, 5, 15 and 20.

By "water-in-oil emulsifying agent", is meant a compound capable of emulsifying water in an oil
and an "oil-in-water emulsifying agent" is a compound capable of emulsifying an oil in water.
Generally, it is considered that an emulsifying agent of the water-in-oil type is a surfactant
having an HLB strictly less than 8, and that an oil-in-water emulsifying agent is a surfactant
having an HLB greater than or equal to 10. A surfactant having an HLB of between 8 and 10 is
considered as a wetting agent. A person skilled in the art can refer to the document, "Handbook

of Applied Surface and Colloid Chemistry" by K. Holmberg, Chapter 11, if needed.

The hydrophilic-lipophilic balance (HLB) of a chemical compound is a measurement of its
hydrophilic and/or lipophilic properties, determined by calculating the values for the different
regions of the molecule, such as described by Griffin in 1949.

In the present invention, the Griffin method has been adopted, based on calculating a value based
on the chemical groups of the molecule. Griffin has attributed a dimensionless number between 0

and 20 to give information on the solubility of water and oil.

The HLB value of a substance having a total molecular mass M and a hydrophilic part of a
molecular mass Mh is given by:

HLB =20 (Mh/M).

The molecular weight is advantageously determined from the intrinsic viscosity of the polymer.
The intrinsic viscosity can be measured by methods known to a person skilled in the art and can
be calculated from the reduced viscosity values for different polymer concentrations by a
graphical method consisting in plotting the reduced viscosity values (y-axis) against the
concentration (x-axis) and extrapolating the curve to zero concentration. The intrinsic viscosity
value is plotted on the y-axis or using the least-squares method. The molecular weight can then
be determined using the Mark-Houwink equation:

] = K M*

[n] represents the intrinsic viscosity of the polymer as determined by the solution viscosity

5
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method.

K represents an empirical constant.

M represents the molecular weight of the polymer.
o represents the Mark-Houwink coefficient.

K and a depend on the particular polymer-solvent system.

The apparent viscosity of the prepolymer PP1 of the hydrophilic phase of the inverse emulsion
EMI1 is measured according to the following method:

- precipitation in the acetone of the prepolymer PP1, under stirring at 1000rpm (rotations per
minute);

- recovering by filtration of the prepolymer PP1 in solid form;

- drying of the prepolymer PP1 in solid form in a heat chamber at 30°C for 24 hours;

- solubilizing the dried prepolymer PP1 in a 1 M sodium chloride solution, at 7% by weight in
water,

- measuring the apparent viscosity of the prepolymer PP1 solution using a Brookfield LVT or

LVD viscosimeter at a temperature of 25°C.
Method for preparing the polymer

The polymerisation is a radical polymerisation. The radical polymerisation includes the

polymerisation by means of UV, azoic, thermal initiators, or redox salts.

The polymerisation is done by reversible addition-fragmentation chain transfer polymerisation

(RAFT).

RAFT is a reversible deactivation radical polymerisation (RDRP) technique, combining both the
facility to implement conventional radical polymerisation and the living character of ionic

polymerisation.

RAFT is based on a reversible activation-deactivation balance between a dormant species and an
active species (growing macro-radical). This activation-deactivation process enables the chains
to grow at the same speed, and this, until the total consumption of the monomer, making
controlling the molecular weights of the polymers possible and obtaining the narrow
distributions of molecular weights. This will also make it possible to minimise the heterogeneity
of the composition. The reversible deactivation of the growing chains lies at the origin of
minimising irreversible end reactions. The large majority of polymer chains remains in dormant
form and can therefore be reactivated. It is thus possible to functionalise the chain ends in view
of priming other polymerisation modes or to make chain extensions. This mechanism makes it

6
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possible to access at high molecular weights, controlled compositions and architectures.

Controlled radical polymerisation can therefore have the following distinctive aspects:
1. the number of polymer chains is fixed throughout the duration of the reaction,

2. the polymer chains all grow at the same speed, which is reflected by:

* a linear increase of the molecular weights,

* a narrowed molecular weight distribution,

3. the mean molecular weight is controlled by the monomer/control agent molar ratio.

The controlled character is all the more marked that the reactivation speed of the radical chains is
high in front of the growth speed of the chains (propagation). However, in certain cases, the
reactivation speed of the radical chains is greater than or equal to the propagation speed. In these
cases, conditions 1 and 2 are not observed and, consequently, controlling the molecular weights

is not possible.

Reversible addition-fragmentation chain transfer polymerisation requires the use of a control

agent.

The control agent according to the invention is typically a thiocarbonate derivative such as a
dithiocarbonate (or xanthate) or trithiocarbonate or a dithiocarbamate derivative described by the

formula (I).

In the scope of the invention, the water-soluble control agent is of formula (I):

)

R,——Z

4

D

wherein

- Z represents O, S or NRa;

-R1 and R; and R, identical or different, represent:

* an optionally substituted alkyl, acyl, alcenyl or alcynyl group (1), or

* a carbon cycle (i), saturated or not, optionally substituted or aromatic, or

* a heterocycle (iii), saturated or not, optionally substituted or aromatic,

these groups and cycles (i), (i1) and (iii) being able to be substituted by substituted aromatic
groups or by alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxy (-COOH), acyloxy (-O2CR),
carbamoyl (-CON(R)z), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl,
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arylalkylcarbonyl, phtalimido, maleimido, succinimido, amidino, guanidimo, hydroxy (-OH),
amino (-N(R)2), halogen, allyl, epoxy, alkoxy (-OR), S-alkyl, S-aryl groups, groups having a
hydrophilic or ionic character, such as carboxylic acid alkaline salts, sulfonic acid alkaline salts,
alkylene polyoxide chains (POE, POP), cationic substitutes (quaternary ammonium salts);

R represents a Ci-Cao alkyl or aryl group;

- Rz can further represent a hydrogen atom.

- Q is a single bond between the sulfur atom and the Ra group, or a linear or structured polymeric
chain comprising n identical or different monomers comprising at least one ethylenic function,

- n is an integer of between 2 and 500, advantageously between 2 and 100, more between
advantageously 2 and 50. The monomer(s) used to form Q are advantageously selected from the
same hydrophilic monomers used to form the water-soluble block polymer and described below

in the description.

According to an embodiment, Z = S-Q’ (formula (I) = R1-Q’-S-C(=S)-S-Q-Rz2), wherein Q’ is a
linear or structured polymeric chain comprising n’ identical or different monomers comprising at
least one ethylenic function. Q’ and n’ are defined according to the definition of Q and n, as

shown above below. Q and Q’ may be equal or different. n and n” may be equal or different.

Q is typically a linear or structured, preferably linear, polymer chain.
In the N(R): functions, the two R groups can be identical or different from one another.

According to a preferred embodiment, the water-soluble control agent is of formula (I), is a

dithiocarbonate or xanthate derivative, wherein Z = O.

According to a preferred embodiment, the water-soluble control agent is of formula (I), wherein:
-72=0;

- Q is a single bond or a linear or structured polymer chain obtained from 2 to 100 monomers
comprising at least one non-ionic hydrophilic monomer and/or at least one anionic hydrophilic

monomer and/or at least one cationic hydrophilic monomer.

According to another preferred embodiment, the water-soluble control agent is of formula (I),
wherein:

-2=0;

- Qis a single bond or a linear or structured polymer chain obtained from 2 to 100 monomers
comprising at least one non-ionic hydrophilic monomer and/or at least one anionic hydrophilic

monomer and/or at least one monomer comprising an LCST group.

According to another preferred embodiment, the water-soluble control agent is of formula (I),

8
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wherein Z = O, Q is a polymer chain of an acrylamide monomer, n is an integer of between 2

and 100, preferably between 2 and 50 represented by formula (II):

NH, 0
S
/\O)J\S n Q\
O

In another preferred embodiment, the control agent is a trithiocarbonate of formula (I), wherein

5 Z=S.

n

In another preferred embodiment, the control agent of formula (I) is a trithiocarbonate, wherein

Z = S represented by formula (III):

S

R,00C COOR,
(1)

wherein Q is a single bond between the sulfur atom and the Rz (alkoxycarbonyl) group = -

10 CH(CHj3)>-CO2R3 and:
- the R3 are identical or different, independently representing an H or a CH3 or a monovalent or
divalent cation, advantageously selected among cations of alkaline metal (Li, Na, K, etc.),
alkaline earth metal (Ca, Mg, etc.) or ammonium ion (for example, ammonium ion or a tertiary

ammonium). Preferably, this is sodium.

15  In another preferred embodiment, the control agent is a trithiocarbonate of following formula

(V).

R:00C
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wherein Z = S-Q’; wherein Q’ is a polymer chain of an acrylamide monomer; Q is a polymer
chain of an acrylamide monomer and:

- the R3 are identical or different, independently represent an H or a CH3z or a monovalent or
divalent cation, advantageously selected from cations of alkaline metals (Li, Na, K, etc.),
alkaline earth metals (Ca, Mg, etc.) or ammonium ion (for example, ammonium ion or a tertiary
ammonium), preferably this is sodium;

-n and n’ are integers independent of one another, of between 1 and 100, preferably between 1

and 50.

In another preferred embodiment, the control agent of formula (I) is a trithiocarbonate, wherein

7 =S, Ry =-CH(CH3)COOR;3 and R = -(CH2),CO2R3 represented by the following formula (V):

S
R,00C

S S
COOR; ™

and wherein Q is a single bond between the sulfur atom and the R> group:

- the R3 are identical or different, independently represent an H, a CH3z or a monovalent or
divalent cation, advantageously selected from cations of alkaline metals (Li, Na, K, etc.),
alkaline earth metals (Ca, Mg, etc.) or ammonium ion (for example, ammonium ion or a tertiary

ammonium). Preferably, this is sodium.

In another preferred embodiment, the control agent is of formula (I), wherein Z = S, and Qis a

polymer chain of an acrylamide monomer represented by the formula (VI):

0 NH,

R:00C
S S COOR; D)

and the R3, identical or different, independently represent an H, a CHz or a monovalent or
divalent cation, advantageously selected from cations of alkaline metals (Li, Na, K, etc.),
alkaline earth metals (Ca, Mg, etc.) or ammonium ion (for example, ammonium ion or a tertiary
ammonium), preferably this is sodium; and

-n is an integer, of between 2 and 100, preferably between 2 and 50.

10
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Inverse emulsion polymerisation

Polymerisation is carried out in inverse emulsion. The expression "inverse emulsion" means both
inverse emulsions and inverse microemulsions. These are water-in-oil emulsions, wherein the

hydrophilic phase is dispersed in the lipophilic phase in the form of drops or droplets.

An inverse emulsion consists of a two-phase medium. It can be unstable in the absence of
surfactant (the surfactants group together the water-in-oil emulsifying agents and the oil-in-water
emulsifying agents). Under stirring, hydrophilic phase particles are observed, dispersed in a
lipophilic phase, having a wide size distribution around an average, which can be around one
micrometer. During an inverse emulsion polymerisation, the monomer is dispersed in large
droplets of the emulsion (diameter: around 1 pm to 10 pm), as well as in small emulsifying

micelles (diameter: around 5 to 10 nm).

This polymerisation technique is well-known to a person skilled in the art. It consists of putting a
hydrophilic phase in emulsion comprising one or more monomers in a lipophilic phase. This

emulsification is done thanks to a water-in-oil emulsifying agent.
Step a)
Step a) comprises the mixture of a hydrophilic phase and a lipophilic phase PL1.

The hydrophilic solvent SH1 of the hydrophilic phase can be any solvent capable of solubilising

a hydrophilic monomer. Advantageously, this is water.

The quantity of monomer A in the hydrophilic phase PH1 is advantageously between 10 and
50% by weight with respect to the total weight of the hydrophilic phase PHI, preferably between
15 and 45% by weight, more preferably between 20 and 40% by weight.

The quantity of monomer A in the hydrophilic phase PH1 is advantageously between 0.1 and
99.9 mol% with respect to the total quantity of monomer of the water-soluble block polymer,
preferably between 1 and 99 mol%, more preferably between 5 and 95 mol%, more preferably
between 10 and 90 mol%, more preferably between 15 and 80 mol%, more preferably between

20 and 50 mol%.

The quantity of water-soluble control agent in the hydrophilic phase PHI is advantageously
between 5x1077% and 10% by weight with respect to the total weight of the hydrophilic phase
PH1, preferably between 5x10™* and 5% by weight.

11
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The mass ratio between the monomer(s) A and the water-soluble control agent in the hydrophilic
phase PH1 is advantageously between 150:1 and 500000:1, preferably between 100:1 and
300000:1, more preferably between 50:1 and 150000:1, more preferably between 10:1 and
100000:1.

The lipophilic solvent of the lipophilic phase PL1 can be a mineral oil, a vegetable oil, a

synthetic oil or a mixture of these oils.

Examples of mineral oils are mineral oils containing saturated or unsaturated hydrocarbons of
the aliphatic, naphtenic, paraffinic, isoparaffinic, cycloparaffinic or naphtyl type include
Exxsol™ D100, I’Exxsol™ D80, Isopar™ J, Isopar™ K, Isopar™ L, Isopar™ M, Isopar™ N

commercialised by ExxonMobile, white oils.

Examples of vegetable oils are squalene, an ester- or triglyceride-type oil, like coco

caprylate/caprate, octyldodecyl myristate, ethoxylated vegetable oils, jojoba oil, macadamia oil.

Examples of synthetic oils are hydrogenated polydecene or hydrogenated polyiscbutene, esters

such as octyl stearate or butyl oleate.

The water-in-oil emulsifying agent is advantageously selected from the following list: polyesters
having a molecular weight of between 1000 and 3000 g/mol; condensation products between a
succinic poly(isobutenyl) acid or its anhydride and a glycol polyethylene; sequenced block
water-soluble polymers having a molecular weight of between 2500 and 3500 g/mol, like for
example those sold under Hypermer® names; sorbitan extracts, such as monooleate or sorbitan
polyoleates; sorbitan isostearate or sorbitan sesquioleate; polyethoxylated sorbitan esters;
diethyoxyl oleocetylic alcohol; tetracthoxyl laurylacrylate; fatty alcohol condensation products
greater than ethylene, like oleic alcohol reaction product with 2 ethylene oxide units; alkylphenol
and ethylene oxide condensation products, such as the nonyl phenol reaction product with 4
ethylene oxide units. Ethoxyl fatty amines such as Witcamide® 511, betaine-based products and

ethoxyl amine are also good candidates as water-in-oil emulsifying agents.

The quantity of water-in-oil emulsifying agent in the lipophilic phase PL1 is advantageously
between 5 and 30% by weight with respect to the total weight of the inverse emulsion, preferably

between 10 and 25% by weight, more preferably between 15 and 20% by weight.

The mixture of the hydrophilic phase PH1 and the lipophilic phase PL1 is carried out under
stirring, advantageously at a speed of between 10 and 10 000 rpm (rotations per minute),

preferably between 100 and 1 000 rpm.

12
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The stirring can be done by any system enabling a homogeneous mixture, as an example, a
mixing foot, a homogeniser can be mentioned. Preferably, the mixture is done with a mixing

foot.
The stirring 1s advantageously maintained during step b).

The ratio by weight between the hydrophilic phase PH1 and the lipophilic phase PL1 in the
inverse emulsion EMI1 is advantageously between 50/50 and 90/10, preferably between 60/40
and 85/15, more preferably between 70/30 and 80/20.

The quantity of monomer(s) in the inverse emulsion EMI1 is advantageously between 5 and 50%
by weight with respect to the total weight of the inverse emulsion EMII1, preferably between 15
and 40% by weight.

Step b)
The polymerisation P1 is done in the presence of at least one initiator.

The initiator can be added to the hydrophilic phase PH1 before or after the formation of the
inverse emulsion EMI1. Preferably, the initiator is added before the formation of the inverse

emulsion EMI1.

In the case of redox catalyst, it is possible to put the oxidiser in PH1 and to pour the reducer or

vice versa.

The polymerisation initiators advantageously used can be selected from the compounds which
are separated into radicals under polymerisation conditions, for example: organic peroxides,
hydroperoxides, hydrogen peroxide, persulfates, azoic compounds and redox catalysts. Using
initiators which are soluble in water is preferred. In certain cases, it is advantageous to use
mixtures of various polymerisation initiators, for example, mixtures of redox salts and of azoic

compounds.

Advantageously, the quantity of initiator is between 5 and 1 000 ppm with respect to the total
weight of monomer A of the hydrophilic phase PHI, preferably between 10 and 500 ppm, more
preferably between 20 and 100 ppm.

Prior to polymerisation, the atmosphere of the polymerisation vessel can be replaced by an inert

gas, like for example, nitrogen or argon.

The polymerisation is done, advantageously at a temperature of between 1 and 70°C, preferably
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between 5 and 60°C, more preferably between 20 and 40°C.

The duration of the polymerisation is advantageously between 60 minutes and 300 minutes,

preferably between 90 minutes and 240 minutes.
Once the polymerisation is primed, the prepolymer PP1 starts to form.

The prepolymer PP1 obtained at the end of the polymerisation P1, has a molecular weight
advantageously of between 15 000 and 2 500 000g/mol, preferably between 20 000 and 2 000
000g/mol, more preferably between 25 000 and 1 500 000g/mol. This is the mean molecular
weight by weight.

The prepolymer PP1 of the hydrophilic phase PH1 of the inverse emulsion EMII has an apparent
viscosity of between 400 and 100 000 cps after the formation of the prepolymer PP1, preferably
between 1 000 and 90 000cps.

Step ¢)

Step c) can start before the end of polymerisation step b) (but after the end of the addition of the
initiator). In other words, it is not necessary to expect that all of the monomers comprised in the

emulsion EMI1 have polymerised to start adding the hydrophilic phase PH2. Preferably, the step
c) starts at the end of step b).

The hydrophilic phase PH2 has a distinct composition of the hydrophilic phase PH1.

By distinct composition, is meant a composition of different monomers (ratio and/or nature of

the monomers).
In a preferred embodiment, the hydrophilic phase PH2 has no control agent.

The combination of the reversible addition-fragmentation chain transfer, of starting step ¢) at the
end of step b) and the use of different monomers A and B, makes it possible to access polymers
having a block structure, which is not possible by using a conventional inverse emulsion

polymerisation method.

The hydrophilic solvent SH2 of the hydrophilic phase PH2 can be different from or identical to
the hydrophilic solvent SH1 of the hydrophilic phase PH1.

The hydrophilic solvent SH2 is such as defined for SH1. Preferably, this is the same hydrophilic

solvent, advantageously, this is water.
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The quantity of monomer B in the hydrophilic phase PH2 is advantageously between 10 and
40% by weight with respect to the total weight of the hydrophilic phase PH2, preferably between
15 and 35% by weight, more preferably between 20 and 30% by weight.

The quantity of monomer B in the hydrophilic phase PH2 is advantageously between 0.1 and
99.9 mol% with respect to the total quantity of monomer of the water-soluble block polymer,
preferably between 1 and 99 mol%, more preferably between 5 and 95 mol%, more preferably
between 10 and 90 mol%, more preferably between 15 and 80 mol%, more preferably between

20 and 50 mol%.

The incorporation of the hydrophilic phase PH2 to the inverse emulsion EMI1 can be done
continuously or discontinuously and/or once or several times. Preferably, the addition is done

once.

In a particular embodiment, the hydrophilic phase PH2 comprises at least one water-in-oil

emulsitying agent, advantageously selected from the list described above.

In a particular embodiment, it is possible, in addition, to the hydrophilic phase PH2 to
incorporate a lipophilic phase PL2 in order to adjust the ratio by weight of phase between the
sum of the hydrophilic phases (PH1 + PH2) and the sum of the lipophilic phases (PL1 + PL2) of

the inverse emulsion.

In the inverse emulsion EMI2, the weight ratio between (hydrophilic phase PH1 + hydrophilic
phase PH2) and (lipophilic phase PL1 + optionally lipophilic phase PL2) is advantageously
comprised between 50/50 and 90/10, preferably between 60/40 and 85/15, more preferably
between 70/30 and 80/20.

The initiator for polymerisation P2 can be added directly into the hydrophilic phase PH2 or
poured once in the formed EMI2.

The mixture of the hydrophilic phase PH2 and of the inverse emulsion EMI1 is done under
stirring, advantageously at a speed of between 50 and 1 000 rpm (rotations per minute),

preferably between 100 and 500 rpm.

The duration of the mixture of the hydrophilic phase PH2 and of the inverse emulsion EMI1 is
advantageously comprised between 30 minutes and 480 minutes, preferably between 40 minutes
and 240 minutes, more preferably between 60 minutes and 120 minutes.

The stirring can be done by any system enabling a homogeneous mixture, as an example, a
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mixing foot, a homogeniser, a mixing arm, a stirring ink can be mentioned. Preferably, the

mixture is done with a stirring ink.
Step d)
The polymerisation P2 is done in the presence of at least one initiator.

The initiator can be added to the hydrophilic phase PH2 before or after the formation of the
inverse emulsion EMI2. Preferably, the initiator is added before the formation of the inverse

emulsion EMI2.

In the case of redox catalyst, it is possible to put the oxidiser in PH2 and to pour the reducer or

vice versa.

The initiator is advantageously selected from the initiators described above. Preferably, this is

the same initiator as that used to prime the polymerisation of step b).

Advantageously, the quantity of initiator present in the hydrophilic phase PH2 is between 5 and
1 000 ppm with respect to the total weight of active material (PP1 + monomer B) implemented
for the polymerisation P2, preferably between 10 and S00 ppm, more preferably between 20 and
100 ppm.

The polymerisation is advantageously done at a temperature of between 5 and 70°C, preferably

between 10 and 50°C, more preferably between 20 and 40°C.

The duration of the polymerisation is advantageously between 60 minutes and 300 minutes,

preferably between 90 minutes and 240 minutes.

Once the addition of the hydrophilic phase PH2 has started, the water-soluble block polymer

forms.

In a preferred embodiment, the polymerisation P2 is done in the continuity of the polymerisation
P1, in other words, the conditions being applied to the polymerisation P2 are the same as the

conditions of polymerisation P1.

The polymerisation is considered complete, when a conversion rate of at least 70 mol% of the
monomers (A+B) is reached with respect to the total quantity of monomers present in the
reactional medium, preferably at least 75 mol%, more preferably at least 80 mol%, even more
preferably at least 85 mol%, even more preferably at least 90 mol%, and even more preferably at

least 95 mol%. A person skilled in the art will know how to determine the conversion rate of the
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monomers, which remains a common practice and forms part of their general knowledge.

The quantity of water-soluble block polymer in the inverse emulsion EMI2 is advantageously
between S and 50% by weight with respect to the total weight of the inverse emulsion EMI2,
preferably between 15 and 40% by weight.

Particular and optional embodiment(s)
The method of the invention is not limited to the steps described above and can comprise others.

The method of the invention can comprise the addition of at least one oil-in-water emulsifying

agent.
The addition of at least one oil-in-water emulsifying agent is done generally at the end of step d).

The oil-in-water emulsifying agent(s) are advantageously selected from ethoxylated
nonylphenol, preferably having 4 to 10 ethoxylations (i.e. preferably having an ethoxylation
degree going from 4 to 10); ethoxylated/propoxylated alcohols preferably having an
ethoxylation/propoxylation comprising 12 to 25 carbon atoms; ethoxylated tridecyl alcohols;
ethoxylated/propoxylated fatty alcohols; ethoxylated sorbitan esters (advantageously having 20
ethylene oxide molar equivalents); polyethoxylated sorbitan laurate (advantageously having 20
ethylene oxide molar equivalents); polyethoxylated castor oil (advantageously having 40
ethylene oxide molar equivalents), decaethoxylated oleodecyclic alcohol; hepta oxyethylated
lauric alcohol; polyethoxylated sorbitan monostearate (advantageously having 20 ethylene oxide
molar equivalents); cetyl ether polyethoxylated phenol alkyls (advantageously having 10
ethylene oxide molar equivalents); aryl ether alkyl ethylene polyoxides; N-cetyl-N-ethyl
morpholinium ethosulfate; sodium sulfate lauryl; fatty alcohol condensation products with
ethylene oxide (advantageously having 10 ethylene oxide molar equivalents); alkylphenol and
ethylene oxide condensation products (advantageously having 12 oxide ethylene molar
equivalents); fatty amine condensation products with 5 molar equivalent or more ethylene oxide
(advantageously 5 to 50 equivalents); ethoxylated phenol tristyryl, condensates of ethylene oxide
with partially esterified polyhydric alcohols with fatty chains, as well as their anhydrous forms;
amine oxides advantageously having alkyl polyglucosides; glucamide; phosphate esters;
sulphonic alkylbenzene acids and their salts; and surfactant block polymers and their mixtures.
The alkyl groups of these oil-in-water-type emulsifying agents mean linear or branched groups
and advantageously having 1 to 20 carbon atoms, more advantageously 3 to 15 carbon atoms.
Furthermore, the aryls of these oil-in-water-type emulsifying agents advantageously comprise 6
to 20 carbon atoms, more advantageously 6 to 12 carbon atoms.
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Generally, the inverse emulsion comprises between 0.01 and 10% by weight of oil-in-water

emulsifying agent with respect to the total weight of the inverse emulsion.

The method of the invention can be done in batch, in semi-batch or continuously. It is

advantageously done in batch.

In a particular embodiment, the steps b) and d) are carried out at a pressure less than the
atmospheric pressure, preferably at a pressure of between 20 and 800 mbar, more preferably of

between 30 and 500 mbar, more preferably between 40 and 400 mbar.

In a particular embodiment, the method of the invention comprises, following the polymerisation
P1 and/or following the polymerisation P2, a step of removal of the residual monomers. The
removal of the residual monomers can be done, for example, by the addition of an excess

initiator.

The invention is not limited to the addition of a second hydrophilic phase PH2, it can comprise
the addition of n hydrophilic phases (with n an integer greater than or equal to 2, n>2). In this
case, the monomers of the hydrophilic phase PHn react on the prepolymer PPn-1 and it is thus
possible to obtain so-called multiblock polymers. The monomers present in these n hydrophilic
phases being able to be identical or different, in order to obtain multiblock polymers constituted

of different blocks (W-X-Y-Z) or multiblock polymers having an alternate structure (X-Y-X-Y).

It is possible to add as many hydrophilic phases as desired, insofar as the molecular weight of the
prepolymer PP1 is between 10 000 g/mol and 3 000 000 g/mol, preferably between 15 000 g/mol
and 2 500 000 g/mol, more preferably between 20 000 g/mol and 2 000 000 g/mol, and more
preferably between 25 000 g/mol and 1 500 000 g/mol, that the molecular weight of the
prepolymer PPn-1 obtained before the addition of the last hydrophilic phase PHn has a molecular
weight less than 3 000 000 g/mol, preferably less than 2 500 000 g/mol, more preferably less
than 2 000 000g/mol, and even more preferably less than 1 500 000 g/mol, and that the apparent
viscosity of the prepolymer PP1 of the hydrophilic phase PH1 of the inverse emulsion EMI1 is
between 400 and 100 000 cps, preferably between 1 000 and 90 000 cps and that the apparent
viscosity of the prepolymer PP(n-1) of the hydrophilic phase PH(n-1) is less than 100 000 cps,
preferably less than 90 000 cps.

At the same time, it is possible in addition to add other lipophilic phases PLq (with q, an integer
greater than or equal to 1, n>1) in order to adjust the phase weight ratio between the sum of the
hydrophilic phases (PH1 + PH2 + PHn) and the sum of the lipophilic phases (PL1 + PLq) of the

inverse emulsion.
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In a particular embodiment, the method of the invention comprises an optional step e) of
concentrating the inverse emulsion EMI2, advantageously by distillation, to form an inverse
emulsion EMI2'. This concentration step consists of removing at least some of the hydrophilic

phase and/or the lipophilic phase of the emulsion EMI2.

In the case of adding n hydrophilic phases and/or q lipophilic phases, the inverse emulsion EMIn
is advantageously distilled to form the inverse emulsion EMIn' (with n an integer greater than or

equal to 3, n>3).

The distillation can be continuous or discontinuous, with azeotropic entrainment. Preferably, the
distillation is continuous and a light oil (boiling point less than 200°C) is advantageously used as

a lipophilic solvent to facilitate the entrainment of the water.

The inverse emulsion EMI2' advantageously comprises between 20 and 80% by weight of water-
soluble block polymer with respect to the total weight of the inverse emulsion EMI2', preferably
between 30 and 70% by weight, more preferably between 35 and 60% by weight.

Composition of the water-soluble block polymer

The method of preparation by radical polymerisation according to the invention can be applied
for preparing any types of water-soluble block polymers.

The monomers A and B are advantageously selected from the monomers comprising at least one
ethylenic function selected from non-ionic hydrophilic monomers, anionic hydrophilic
monomers, cationic hydrophilic monomers, zwitterionic hydrophilic monomers, hydrophobic

monomers, and their mixtures.

The invention is applicable to any monomeric composition of the water-soluble block polymer.

Thus, the invention cannot be limited to a precise and preferred monomeric composition.

The monomers A and B can be identical or different. Preferably, they are different.

When the monomers A and B are identical, a water-soluble homopolymer is thus obtained.
When the monomers A and B are different, a water-soluble block copolymer is thus obtained.

Advantageously, the non-ionic hydrophilic monomer(s) that may be used in the scope of the
invention are selected, in particular, fromacrylamide, methacrylamide, N-alkylacrylamides, N-
alkylmethacrylamides, N,N-dialkyl acrylamides (for example, N,N-dimethylacrylamide or N,N-
diethylacrylamide), N,N-dialkylmethacrylamides, acrylic acid alkoxyl esters, methacrylic acid
alkoxyl esters, N-vinylpyrrolidone, N-methylol(meth)acrylamide, N-vinyl caprolactame, N-
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vinylformamide (NVF), N-vinyl acetamide, N-vinyl imidazole, N-vinyl succinimide, acryloyl
morpholine (ACMO), glycidyl methacrylate, vinyl acetate, glyceryl methacrylate, diacetone
acrylamide, methacrylic anyhydride, acrylonitrile, maleic anydride, itaconic anhydride,
itaconamide, hydroxyalkyl (meth)acrylate, thioalkyl (meth)acrylate, isoprenol and its alcoxyl
derivatives, hydroxyethyl(meth)acrylates and their alcoxyl derivatives,
hydroxypropyl(meth)acrylate and its alcoxyl derivatives, and their mixtures. Among these non-
ionic monomers, the alkyl groups are advantageously Ci-Cs, more advantageously Ci-Cs.

Preferably, the non-ionic hydrophilic monomer is acrylamide.

Advantageously, the anionic hydrophilic monomer(s) that may be used in the scope of the
invention can be selected from a broad group. These monomers can have a vinyl function, in
particular, acrylic, maleic, fumaric, itaconic, or allylic. They can also contain a carboxylate,
phosphonate, phosphate, sulfonate, sulfate group, or another anionic filler group. Preferred
monomers belonging to this class are, for example, acrylic acid; methacrylic acid,;
dimethylacrylic acid; acryloyl chloride; crotonic acid; maleic acid; fumaric acid; 3-acrylamido 3-
methylbutanoic acid; strong acid-type monomers having, for example, a sulfonic acid- or
phosphonic acid-type function, such as vinylsulfonic acid, vinylphosphonic acid, allylsulfonic
acid, methallylsulfonic acid, 2-methylidenepropane-1,3-disulfonic acid, 2-
sulfoethylmethacrylate, sulfopropylmethacrylate, sulfopropylacrylate, allylphosphonic acid,
ethylene glycol methacrylate phosphate, sulfonic styrene acid, 2-acrylamido-2-methylpropane
sulfonic acid (ATBS), 2-acrylamido-2-methylpropane disulfonic acid, 3-allyloxy-2-
hydroxypropane sulfonic acid, diethylallylphosphonate, carboxyethyle acrylate; water-soluble
salts of these monomers as their alkaline metal salts, alkaline earth metals, or ammonium; and

their mixtures. Preferably, the anionic hydrophilic monomer is acrylic acid.

In a particular embodiment of the invention, the anionic monomer(s) can be salified. This can
also be a mixture of acid form and salified form, for example a mixture of acrylic acid and

acrylate.

By salified, is meant the substitution of a proton of at least one acid function of the - R%=0)-OH
type (with R? representing P, S or C) of the anionic monomer by a metal cation or organic cation
to form a salt of the -R(=0)-OX type (X being a metal cation or an organic cation). In other
words, the non-salified form corresponds to the acid form of the monomer, for example R®-
C(=0)-OH in the case of the carboxylic acid function, while the salified form of the monomer
corresponds to the RP-C(=0)-O" X*, X" corresponding to a metal cation or an organic cation. The

salification of the acid functions can be partial or total.
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The metal cation is advantageously an alkaline metal salt (Li, Na, K, etc.) or an alkaline earth
metal (Ca, Mg, etc.), and the organic cation is advantageously ammonium ion or a tertiary

ammonium. The preferred salts are sodium salts.
The salification can be done before or after polymerisation, preferably before.

In a particular embodiment, the polymer advantageously comprises between 1 and 100 mol% of

water-soluble anionic monomer(s) in salified form, preferably between 50 and 100 mol%.

Advantageously, the cationic hydrophilic monomer(s) being able to be used in the scope of the
invention are selected, in particular, from the vinyl-type monomers, in particular acrylamide,
acrylic, allylic or maleic having a protonable amine function or ammonium, advantageously
quaternary ammonium. In particular, and in a non-limiting manner, diallyldialkyl ammonium
salts like dimethyldiallylammonium chloride (DADMAC); acidified or quaternised dialkyl-
aminoalkyl(meth)acrylamide salts, like for example (3-
methacrylamidopropyl)trimethylammonium chloride (MAPTAC), (3-
acrylamidopropyl)trimethylammonium chloride (APTAC); acidified or quaternised dialkyl-
aminoalkyl acrylate salts like quaternised or salified dimethylaminoethyl acrylate (ADAME);
acidified or quaternised dialkyl aminoalkyl methacrylate salts like quaternised or salified
dimethylaminoethyl methacrylate (MADAME); acidified or quaternised N,N-dimethylallylamine
salts; acidified or quaternised diallylmethylamine salts; acidified or quaternised diallylamine
salts; vinylamine obtained by hydrolysis (basic or acid) of an amide group -N(R?)-CO-R! with
R! and R? being, independently, a hydrogen atom or an alkyl chain of 1 to 6 carbons, for
example vinylamine coming from the hydrolysis of N-vinylformamide; vinylamine obtained by
Hofmann degradation; and their mixtures can be mentioned. Advantageously, the alkyl groups
are C1-C, preferably Ci-Cs and can be linear, cyclic, saturated or unsaturated chains. Preferably,
the cationic hydrophilic monomer is quaternised or salified dimethylaminoethyl acrylate

(ADAME),

A person skilled in the art will know how to prepare the quaternised monomers, for example by
means of an R-X-type quaternisation agent, R being an alkyl group and X being a halogen or a
sulfate. The quaternisation agent can be selected from dialkyl sulfates comprising 1 to 6 carbon
atoms or alkyl halides comprising 1 to 6 carbon atoms. Preferably, the quaternisation agent is
selected from methyl chloride, benzyl chloride, dimethylsulfate or diethylsulfate. Furthermore,
the present invention also covers DADMAC, APTAC and MAPTAC monomers, in which the

counterion is a sulfate, fluoride, bromide or iodide instead of chloride.
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By "quaternisation agent", is meant a molecule being able to alkylate a tertiary amine.

Advantageously, the zwitterionic hydrophilic monomer(s) that may be used in the scope of the
invention are selected, in particular, from the derivatives of a vinyl-type pattern (advantageously
acrylamide, acrylic, allylic or maleic), this monomer has a quaternary amine or ammonium
function and a carboxylic- (or carboxylate)-, sulfonic- (or sulfonate)- or phosphoric- (or

phosphate)-type acid function.

Preferably, this monomer comprises a quaternary amine or ammonium function and a
carboxylic- (or carboxylate)-, sulfonic- (or sulfonate)- or phosphoric- (or phosphate)-type acid

function.

In particular, and in a non-limiting manner, dimethylaminoethyl acrylate derivatives can be
mentioned, such as 2 - ((2-9 (acryloyloxy) ethyl) dimethylammonio) ethane-1-sulfonate, 3 - ((2-
(acryloyloxy) ethyl) dimethylammonio) propane-1-sulfonate, 4 - ((2- (acryloyloxy) ethyl)
dimethylammonio) butane-1-sulfonate, [2- (acryloyloxy) ethyl] (dimethylammonio) acetate,
derivatives of dimethylaminoethyl methacrylate such as 2 - ((2- (methacryloyloxy) ethyl)
dimethylammonio) ethane-1-sulfonate, 3 - ((2- (methacryloyloxy) ethyl) dimethylammonio)
propane-1-sulfonate, 4 - ((2 - (methacryloyloxy) ethyl) dimethylammonio) butane-1-sulfonate,
[2- (methacryloyloxy) ethyl] (dimethylammonio) acetate, derivatives of dimethylamino
propylacrylamide such as 2 - ((3-acrylamidopropyl) dimethylammonio) ethane-1- sulfonate, 3 -
((3-acrylamidopropyl) dimethylammonio) propane-1-sulfonate, 4 - ((3-acrylamidopropyl)
dimethylammonio) butane-1-sulfonate, [3- (acryloyl) oxy) propyl] (dimethylammonio) acetate,
dimethylamino propyl methylacrylamide, or also derivatives such as 2 - ((3-
methacrylamidopropyl) dimethylammonio) ethane-1-sulfonate, 3 - (dimethylammonio) propane-
1-sulfonate 4 - ((3-methacrylamidopropyl) dimethylammonio) butane-1-sulfonate and propyl [3-

(methacryloyloxy)] (dimethylammonio) acetate and their mixtures.

Other zwitterionic hydrophilic monomers can be used, in particular those described by the

Applicant in document W02021/123599.
In a particular embodiment, the polymer can comprise at least one group with an LCST.

According to the general knowledge of a person skilled in the art, a group with an LCST
corresponds to a group of which the water solubility, for a given concentration, is modified
above a certain temperature and as a function of salinity. This is a group having a heating
transition temperature defining its lack of affinity with the solvent medium. The lack of affinity

with the solvent results in opacification or loss of transparency, which can be due to
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precipitation, aggregation, gelation or viscosification of the medium. The minimum transition
temperature is known as the LCST (Lower Critical Solution Temperature). For each
concentration of a group with an LCST, a heating transition temperature is observed. It is greater
than the LCST, which is the minimum point on the curve. Below this temperature, the polymer is

soluble in water; above this temperature, the polymer loses its solubility in water.
In a particular embodiment, the polymer can comprise at least one group with a UCST.

According to the general knowledge of a person skilled in the art, a group with a UCST
corresponds to a group of which the water solubility, for a given concentration, is modified
below a certain temperature and according to the salinity. This is a group having a cooling
transition temperature defining its lack of affinity with the solvent medium. The lack of affinity
with the solvent results in opacification or loss of transparency, which can be due to
precipitation, aggregation, gelation or viscosification of the medium. The maximum transition
temperature is known as the UCST (Upper Critical Solution Temperature). For each
concentration of a group with a UCST, a cooling transition temperature is observed. It is lower
than the UCST, which is the maximum point on the curve. Above this temperature, the polymer

is soluble in water; below this temperature, the polymer loses its solubility in water.

Advantageously, the monomer(s) having a hydrophobic character being able to be used in the
scope of the invention can be selected, in particular, from the (meth)acrylic acid esters having (i)
a C4-Cs0 alkyl chain or (ii) an arylalkyl (Cs-Csg alkyl, C4-Cs0 aryl) chain, or (iii) propoxylated
chain, or (iv) ethoxylated chain, or (v) ethoxylated and propoxylated chain; alkyl aryl sulfonates
(C4-Cs3p alkyl, C4-C3o aryl); mono- or di-amides substituted by (meth)acrylamide having (i) a Cs-
Cs0 alkyl chain, or (i1) an arylalkyle (C4-Cs0 alkyl, C4-Csq aryl), or (iii) propoxylated chain, or
(iv) ethoxylated chain, or (v) ethoxylated and propoxylated chain; anionic or cationic monomer
derivatives of (meth)acrylamide or (meth)acrylic acid carrying a hydrophobic chain; and their

mixtures. The hydrophobic monomers can comprise halogen atoms, for example, chlorine.

Among these hydrophobic monomers:

- alkyl groups are preferably C4-Ca, more preferably C4-Cs groups. Cs-Coo alkyls are preferably
linear alkyls, while C4-Cs are preferably branched,

- the arylalkyl groups are preferably C7-Czs, more preferably C7-Cis,

- ethoxyl chains advantageously comprise between 1 and 200 -CH2-CH2-O- groups, preferably
between 6 and 100, more preferably between 10 and 40,

- propoxyl chains advantageously comprise between 1 and 50 -CHz-CHz-CH»-O- groups, more

preferably between 1 and 20.
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Preferred hydrophobic monomers belonging to these classes are, for example:
- n-hexyl (meth)acrylate, n-octyl (meth)acrylate, octyl (meth)acrylamide, lauryl (meth)acrylate,
lauryl (meth)acrylamide, myristyl (meth)acrylate, myristyl (meth)acrylamide, pentadecyl
(meth)acrylate, pentadecyl (meth)acrylamide, cetyl (meth)acrylate, cetyl (meth)acrylamide, oleyl
5  (meth)acrylate, oleyl (meth)acrylamide, erucyl (meth)acrylate, erucyl (meth)acrylamide, N-tert-
Butyl(meth)acrylamide, vinylpyridine, 2-ethylhexyl acrylate, Ca-Cz itaconic acid hemi-esters,
acidified or quaternised C4-Ca2(meth)arcrylate dialkyl aminoalkyl salts, acidified or quaternised
C4-Cy dialkyl-aminoalkyl(meth)acrylamide salts, undecanoic acrylamido acid, and their
mixtures,

10 - cationic allyl derivatives of formula (VII) or (VIII):

x@ x©

/N,

® ®/

N ‘
”R/ \R | R/ \Rwﬁg

(VID (VIID

wherein:
R: independently, an alkyl chain containing 1 to 4 carbons;
Ri: an alkyl or arylalkyl chain comprising 8 to 30 carbons;

15  X: ahalide selected from the group composed of bromides, chlorides, iodides, fluorides and of
any negatively charged counter-ion;
and, preferably, hydrophobic cationic derivatives of the (meth)acryloyl type responding to the
formula (IX):

. R7
E-N-Rs

X Rs

ax)

20  wherein:
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- A represents O or N-Rs (preferably A represents N-Rs),

-R2, R3, R4, Rs, Rs, R7: independently, a hydrogen atom or an alkyl chain containing 1 to 4
carbons,

- E: an alkyl chain comprising 1 to 20 carbons,

- Rs: an alkyl or arylalkyl chain comprising 8 to 30 carbons,

- X: a halide selected from the group composed of bromides, chlorides, iodides, fluorides, and

any negatively charged counter-ion.

The water-soluble block polymer advantageously comprises less than 3mol% of hydrophobic

monomers.

When the water-soluble block polymer comprises at least one hydrophobic monomer, its

quantity is adjusted, such that the polymer remains soluble in water.
The hydrophobic monomer(s) can be added to step a) or c¢), preferably to step c).

The quantities of the different monomer(s) will be adjusted by a person skilled in the art in order
not to exceed 100mol% when preparing the water-soluble block polymer according to the

invention.

The water-soluble block polymer can have a linear, branched, cross-linked, star-shaped or comb-
shaped structure. This structure can be obtained, according to the general knowledge of a person
skilled in the art, for example by selecting the initiator, the transfer agent, the water-soluble

control agent, incorporating structural monomers, or concentrating.

The water-soluble block polymer can further be structured by a branching agent. By structured,

is meant a non-linear polymer which has side chains.

The branching agent 1s advantageously selected from:

- structure agents, being able to be selected from the group comprising polyethylically
unsaturation monomers (having, as a minimum, two unsaturated functions), like for example,
vinyl functions, in particular, allylic or acrylic, and, for example, methylene bis acrylamide
(MBA), triallyamine, or tetraallylammonium chloride or 1,2 dihydroxyethylene bis-(N-
acrylamide) can be mentioned,

- monomers having at least two epoxy functions,

- monomers having at least one unsaturated function and one epoxy function,

- macroinitiators such as polyperoxides, polyazoics and transfer polyagents, such as

polymercaptan polymers, and polyols,
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- functionalized polysaccharides,

- water-soluble metal complexes composed:

* of a metal of valence greater than 3 such as, as an example and in a non-limiting manner,
aluminum, boron, zirconium, or also titanium, and

* of a ligand carrying a hydroxyl function.

The branching agent can be added to step a) or ¢).

When the water-soluble block polymer comprises a branching agent, it remains soluble in water.
A person skilled in the art will know how to adjust the quantity of branching agent and, possibly,

the quantity of transfer agent needed to obtain this result.

In a particular embodiment, the water-soluble block polymer does not comprise any branching

agent.
In a particular embodiment, the water-soluble block polymer can comprise a transfer agent.

The transfer agent is advantageously selected from methanol; isopropylic alcohol; sodium
hypophosphite; calcium hypophosphite; magnesium hypophosphite; potassium hypophosphite;
ammonium hypophosphite; formic acid; sodium formiate; calcium formiate; magnesium
formiate; potassium formiate; ammonium formiate; 2-mercaptoethanol; 3-mercaptopropanol;
glycol dithiopropylene; thioglycerol; thioglycolic acid, thiohydracrylic acid; thiolactic acid;
thiomalic acid; cysteine; aminoethanethiol; thioglycolates; allyl phosphites; allyl mercaptans;
like n-dodecyl mercaptan; sodium methallysulfonate; calcium methallysulfonate; magnesium
methallysulfonate; potassium methallysulfonate; ammonium methallysulfonate; alkyl phosphites
like tri alkyl (C12-C15) phosphites, di-oleyl-hydrogenophosphites, dibutyl phosphite;
dialkyldithiophosphates like dioctyl phosphonate; tertiary nonylmercaptan; 2-ethylhexyl
thioglycolate; n-octyl mercaptan; n-dodecyl mercaptan; tertio-dodecyl mercaptan; iso-
octylthioglycolate; 2-ethylhexyl thioglycolate; 2-ethylhexyl mercaptoacetate; polythiols; and

their mixtures. Preferably, this is sodium hypophosphite or sodium formiate.

The transfer agent can be added to step a) or c).

In a particular embodiment, the water-soluble block polymer does not comprise any transfer

agent.

The water-soluble block polymer according to the invention can have a molecular weight

covering all the applications, wherein high molecular weight polymers can be used. Thus, the
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water-soluble block polymer advantageously has a molecular weight of at least 100 000 g/mol,
preferably of at least 1 000 000g/mol, more preferably of at least 1 500 000g/mol, more
preferably of at least 2 000 000g/mol, more preferably of at least 3 000 000g/mol, more
preferably of at least 5 000 000g/mol, more preferably of at least 7 000 000g/mol, more
preferably of at least 10 000 000g/mol. This is the mean molecular weight by weight.
Advantageously, the molecular weight of the water-soluble block polymer is less than 30 000
000g/mol, preferably less than 20 000 000g/mol, and more preferably less than 15 000 000g/mol.

The polydispersity index (Ip) of the polymer obtained according to the invention is
advantageously less than or equal to 5 (<5), preferably less than or equal to 4 (<4), preferably
less than or equal to 3 (<3), more preferably less than or equal to 2 (<2), and even more
preferably less than or equal to 1.5 (<1.5). It is advantageously between 1 and 2. The
polydispersity index is determined according to the following formula:

Ip=Mw/Mn

Mw is the mean molecular weight by weight

Mn is the mean molecular weight by number.

The present invention also relates to a water-soluble block polymer obtained according to the
method of the invention.

The present invention also relates to the use of this water-soluble block polymer in: hydrocarbon
recovery (oil or gas); drilling wells; cementing wells; stimulation of hydrocarbon wells (oil or
gas), for example hydraulic fracturing; conformance; diversion; open, closed or semi-closed
circuit water treatment; treatment of fermentation broth; sludge treatment; construction, paper or
cardboard manufacture; batteries, wood treatment; treatment of hydraulic composition (concrete,
cement, mortar and aggregates); mining; formulation of cosmetic products; formulation of

detergents; textile manufacture; geothermal energy; manufacture of nappies; or agriculture.

Finally the present invention also relates to the use of this water-soluble block polymer as a
flocculant, coagulant, binding agent, fixing agent, viscosity reducing agent, thickening agent,
absorbent agent, friction reducing agent, draining agent, filler retention agent, dehydrating agent,
conditioning agent, stabilising agent, film-forming agent, sizing agent, superplasticising agent,

clay inhibitor or dispersant.

The invention and its advantages will be better understood in the light of the following figures

and examples provided in order to illustrate the invention in a non-limiting manner.

Description of the figures
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Figure 1 illustrates the measurement of the molecular weight of example PP1-CE3 (comparative

example) by size-exclusion chromatography (SEC).

Figure 2 illustrates the measurement of the molecular weight of example PP1-6 (Invention) by

size-exclusion chromatography (SEC).
Examples

List of abbreviations:

AM: Acrylamide;

AA: Acrylic acid;

ADC: [2-(Acryloyloxy)ethyl Jtrimethylammonium chloride;
ATBS: Sulfonic 2-acrylamido-2-methylpropane acid.

Characterisation of the polymers

Characterisation of the mean molar masses by number (Mn), by weight (Mw) and

polydispersity index

The polymers have been analysed by size-exclusion chromatography (SEC) in order to
determine the mean molar masses (Mn, Mw). The analytical conditions are as follows:

- 1 Shodex™ pre-column referenced SB807-G;

- 2 OHpak Shodex™ columns mounted in series, referenced SB-807 HQ / SB-805 HQ);

- The columns are coupled with a refraction index detector referenced Optilab® T-rEX and

Dawn® Heleos® II 18 angles commercialised by the company Wyatt Technology.
Characterisations of the apparent viscosities

The apparent viscosity of the prepolymer PP1 of the hydrophilic phase of the inverse emulsion
EMI1 is measured according to the following method:

- precipitation in the acetone of the prepolymer PP1, under stirring at 1000 rotations per minute;
- recovering by filtration of the prepolymer PP1 in solid form;

- drying of the prepolymer PP1 in solid form in a heat chamber at 30°C for 24 hours;

- solubilizing the dried prepolymer PP1 in a 1 M sodium chloride solution, at 7% by weight in
water,

- measuring the apparent viscosity of the prepolymer PP1 solution using a Brookfield LVT or

LVD viscosimeter at a temperature of 25°C.
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Characterisation of the particle sizes and grain-sized distributions of the inverse emulsions

of polymers

The polymers have been analysed by laser diffraction. The device used is the MASTERSIZER
MS3000 commercialised by the company Malvern. This device serves to measure particle sizes
comprised in a range from 0.5 to 2 000 pm. It also serves to measure the grain-size distribution
of the particles. This device has an organic liquid path for analysing aqueous polymer particles

emulsified in oil.

The device is equipped with three main elements which enable the system to consistently and
reliably provide accurate grain-size data:

- an optical bench: equipped with a laser beam (1 single optical measuring path)

- a sample dispersion unit

- Mastersizer 3000 software which controls the system when measuring and analysing the

diffusion data.
Example 1: Synthesis of a water-soluble control agent Xa

In a synthesis reactor, the following are introduced at ambient temperature:
- 4.53 g of o-ethyl-S-(1-methoxycarbonyl)ethyl dithiocarbonate;

-22.66 g of acrylamide;

-27.19 g of deionised water;

-4531 g of acetic acid,;

- 0.32 g of azoic initiator (VA 044).

The reactional mixture is degassed then heated to 60°C. The reaction is stirred for 3 hours.

The control agents Xb to Xh are prepared according to the protocol described in example 1. The

nature of the groups composing these control agents Xa to Xh is presented in Table 1 below:
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Water-soluble Q
control agent Ry R L Composifion Mn
By-Z-C{8)-5-0-R, -HRposiEE (g/mol)
Xa CyHs CHICH;-COOCH | O AM 700
Xb Ol CHICH;-COOCHy | O AM 1400
Xe CaHs CHICH)-COOCH; | O - -
Xa CaHs CHICH-COOCH; | O {70mol®/30 mol%) 1230
Xe s CH{ICH)-COOCH; | O ADC 1350
b4 C-Hs CH(CH:)-COOCH:| O AM 0000
Ny HOOC-CoH. CH{CH;-COOH | 8 - -
Xh HOOC-CICH )| CiCH:R-CO0H | 8 - -

Table 1: Control agents Xa to Xh

Example 2: Preparation of inverse emulsions EMI1 (step a)) and of prepolymers PP1-1 to

PP1-23 (step b))

Example 2a: Preparation of an emulsion EMI1 and of a prepolymer PP1-1 according to the

invention

Preparation of the hydrophilic phase PH1:

In a reactor equipped with a stirring system are mixed at ambient temperature:
-276.7 g of acrylamide (50% by weight in water),

-60.1 g of acrylic acid,

- 170.3 g of deionised water;

-60.1 g of lye (50% by weight in water)

- 50 ppm of tertio butyl hydroperoxide;

- 5000 ppm of water-soluble control agent Xc¢ with respect to the weight of the monomers.

Preparation of the lipophilic phase PL1:
The water-in-oil emulsifying agents (2.5% by weight with respect to the weight of the inverse
emulsion), and a mixture of alkanolamide and mono sorbitan oleate, are mixed in 250 g of

Exxsol™ D100 oil.

Emulsification (step a)) and polymerisation (step b)):

The hydrophilic phase PH1 is mixed and emulsified in the lipophilic phase PL1. The inverse
emulsion obtained EMI1-1 is then degassed for 60 minutes before the polymerisation P1-1 is
initiated at ambient temperature by pouring 8 mL of an aqueous solution to 1 g/L of sodium

metabisulfite to form the prepolymer PP1-1.
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Example 2b: Preparation of inverse emulsions EMI1-2 to EMI1-23 and of prepolymers

PP1-2 to PP1-23

The inverse emulsions EMI1-2 to EMI1-23 and prepolymers PP1-2 to PP1-23 are prepared

according to the experimental protocol described in example 2a.

Counter-examples of emulsions and prepolymers are also prepared, without adding control

agent, by a protocol identical to that described in example 2a.

The compositions and properties of the EMI1-2 to EMI1-23 and prepolymers PP1-2 to PP1-23

are presented in tables 2 and 3 below.

1 380 Wonodispersity

1210 Monodispersity

1320 Monodispersity

1 750 wonodispersity

1430 WMonodispersity

1 380 Monodispersity

1 950 Meonodispersity

5980 Monodispersity

21 200 wMonodispersity

EMIL-10 12 400 Monodispersity
EMII-11 R Monodispersity
EMIL-12 220 WMonodispersity
EMIL1-13 102 000 wonodispersity
EnI1-14 1 350 Monodispersity

EMI1-15 1 920 Monodispersity

EMI1-16 1 300 Wonodispersity
EAMIL1T 1750 Monodispersity
EMIL-18 L 430 Monodispersity
EMIL-19 1 380 Monodispersity
EMI1-20 I 360 Monodispersity
EMIL-21 1 4530 wMonodispersity
EMIL-22 1 G5 Monodispersity
EMI1-23 1 400 Monodispersity

Table 2 - Properties of the inverse emulsions EMI1-1 to EMI1-23

Composition (mol%)

Control Mn (g/mol) of

Prepolymer

AM

AA |ADC]|

ATBS agent polymer in PP1

31




10

15

WO 2025/141012 PCT/EP2024/088216
PP1-1 70 30 - - Xc 355 000
PP1-2 100 - - - Xa 347 900
PP1-3 50 30 - 20 Xd 348 500
PP1-4 40 - 60 - Xe 1 150 000
PP1-5 10 90 - - Xg 415 000
PP1-6 - 50 50 - Xa 373 250
PP1-7 20 10 50 20 Xb 450 000
PP1-8 5 - 95 - Xb 452 000
PP1-9 5 95 - - Xt 561 000
PP1-10 - 100 - - Xc 1457 000
PP1-11 - - 100 - Xe 167 450
PP1-12 70 30 - - Xa 352 200
PP1-13 70 30 - - Xa 2 850 000
PP1-14 70 30 - - Xa 4 500
PP1-15 70 30 - - Xa 3 330 000
PP1-16 100 - - - 350 400
PP1-17 70 30 - - - 950 600
PP1-18 70 30 - - 365 200
PP1-19 60 - - 40 - 345 600
PP1-20 40 - 60 - - 355300
PP1-21 - 50 50 - - 350 900
PP1-22 40 - 60 - - 1 066 100
PP1-23 50 20 30 - - 347 200

Table 3: Composition and properties of the prepolymers according to the invention and

comparative examples

Example 3: Preparation of inverse emulsions EMI2 and of water-soluble block polymers

The emulsions EMI2 are obtained by mixing under stirring at 200 rpm for 240 minutes and at

ambient temperature of:

- the EMII comprising the prepolymer PP1;

- a hydrophilic phase PH2 comprising the monomers entering into the composition of the water-

soluble block polymer and 50 ppm of tertio butyl hydroperoxide;

- a lipophilic phase PL2, in order to adjust the quantities of final active materials and the

hydrophilic phase/lipophilic phase ratios, comprising water-in-oil emulsifying agents (2.5% by

weight with respect to the weight of the inverse emulsion), and a mixture of alkanolamide and of

mono sorbitan oleate, mixed with Exxsol™ D100 oil.

The EMI2 is then degassed for 60 minutes before the polymerisation is primed by pouring 8mL

of an aqueous solution to 1g/L of sodium metabisulfite.

32



10

WO 2025/141012 PCT/EP2024/088216

The particle size, the grain-size distributions and the mean molar masses by number of the water-
soluble block polymers of the EMI2 are characterised. To characterise the molar masses, the

polymers have been precipitated beforehand in the acetone.

The compositions of the different hydrophilic phases PH2 and the features of the water-soluble

block polymers obtained after polymerisation are summarised in Table 4.

Composition Final ‘ Ao . o
feferoncel (m01%) de PH2 | active Mn measurec! of qu-_xlydls‘per:!lih; nf.
Test PP1 materia polymers P2 pt_" Yrmer parts ‘_!5 n
AMAAADCATES 5, o) {g/mol) inverse emulsion
P2(% of P2
El PPI-1 | 7O 30 - - 21 1 456 000 Monopopulation
E2 PPI-2 10O -1 - - 21 1 687 000 Monopopulation
E3 PP1-3 50 30, - 20 21 3123 600 Monopopulation
E4 PP1-4 |40 - | 60 - 21 4 876 000 Monopopulation
E5 PPI-5 |16 190] - - 21 3612000 Monopopulation
k6 PPi1-6 | - 130 50 - 21 1 184 000 Mouoopopulation
E7 PP1-7 (20100 50 20 21 2 150000 Monopopulation
E8 PPI-8 | 5 -] 95 - 21 877 000 Monopopulation
Es PPI-2 | 2 95 - = 21 2 854 500 Monopopulation
EiG | PPL-10 | - 100 - - 21 5 454 000 Monopopulation
Ell PPI-11 | - - 100 - 21 913 000 Monopopulation
E-CEl| PP1-12 | 70 130 - - 21 NM-LP NM -LP
E-CE2| PPL-13 |70 30] - - 21 NM-LP NM-LP
E-CE3| FPI-14 |70 30| - - 21 NM-1P MM - LP
E-CE4| PPL-15 |70 30| - - 21 MM -LP NM-LP
E-CES| PPL-16 100 - - 21 NM-LP NM-LP
E-CE6! PPL-17 |70 307 - - 21 NM - LP NM-LP
E-CE7| PPI1-18 | 70 30, - 21 MM -LP NM-LP
E-CER| PPL-19 |60 - | - | 40 21 NM-LP NM-LP
E-CE9| PP1-20 |40 - | 60 - 21 M- 1P NM - LP
E-CEL0 PPI-21 | - 150 50 - 21 NM-LP NM - LP
E-CELL PP1-22 (40 - | 600 - 21 NM-LP MNM-LP
‘ﬁiwﬁfﬁiﬂ PP1-23 |50 .20 30, - 21 N - LP NM-LP

Table 4 - Composition of the PH2 and features of the water-soluble block polymers (NM:
Non-measurable; LP: Broad Polypopulation)

These results demonstrate that the presence of a control agent for the formation of a prepolymer
PP1 having a well-defined molecular weight combined with a specific apparent viscosity) is
necessary in order to afford high molecular weight water-soluble block polymers of the

invention.

Figures 1 and 2 show the result of a size-exclusion chromatography for tests E1 and E-CE1. For

figure 1, a monodispersity of molecular weights is observed for PP1-12 and during its use to
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form the water-soluble block polymer, a final polydispersed population is observed,
corresponding to the formation of a multitude of droplets of a different size, comprising water-
soluble block polymers having variable molecular weights, which corresponds to a poor PH2

integration.

On the contrary for figure 2, a monodispersity is observed for PP1-1 and also for the water-
soluble block polymer resulting from its polymerisation, which corresponds to a good PH2
integration, and which makes it possible to obtain water-soluble block polymers of high

molecular weights having a monopopulation.
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Claims

1. Method for preparing a water-soluble block polymer by radical polymerization, by
reversible addition-fragmentation chain transfer in inverse emulsion, comprising the following
steps:

a) Mixing of a hydrophilic phase PH1 and of a lipophilic phase PL1 under stirring in order to
form an inverse emulsion EMI1,

the hydrophilic phase PH1 comprising at least one hydrophilic solvent SH1, at least one

monomer A and at least one water-soluble control agent of formula (I):

/

A )

wherein

- Z represents O, S or NRz;

-Rj and R; and R3, identical or different, represent:

* an optionally substituted alkyl, acyl, alcenyl or alcynyl group (i), or

* a carbon cycle (i), saturated or not, optionally substituted or aromatic, or

* a heterocycle (iii), saturated or not, optionally substituted or aromatic,

these groups and cycles (i), (ii) and (iii) being able to be substituted by substituted aromatic
groups or by alkoxycarbonyl or aryloxycarbonyl (-COOR), carboxy (-COOH), acyloxy (-O2CR),
carbamoyl (-CON(R)»), cyano (-CN), alkylcarbonyl, alkylarylcarbonyl, arylcarbonyl,
arylalkylcarbonyl, phtalimido, maleimido, succinimido, amidino, guanidimo, hydroxy (-OH),
amino (-N(R).), halogen, allyl, epoxy, alkoxy (-OR), S-alkyl, S-aryl groups, groups having a
hydrophilic or ionic character, such as carboxylic acid alkaline salts, sulfonic acid alkaline salts,
alkylene polyoxide chains (POE, POP), cationic substitutes (quaternary ammonium salts);

- R representing a Ci-Cyo alkyl or aryl group;

- Rz can further represent a hydrogen atom,;

- Q is single bond between the sulfur atom and the Rz group, or a linear or structured polymer
chain comprising n identical or different hydrophilic monomers comprising at least one ethylenic
function;

- n is an integer of between 2 and 500;

the lipophilic phase PL.1 comprising at least one lipophilic solvent and at least one water-in-oil
emulsifying agent;

b) Polymerisation P1, in the presence of at least one initiator, of at least the monomer A of the
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inverse emulsion EMI1 to form a prepolymer PP1 having a molecular weight of between 10 000
and 3 000 000 g/mol and having an apparent viscosity of between 400 and 100000 cps;

c¢) Addition to and mixture with the inverse emulsion EMI1, of a hydrophilic phase PH2
comprising at least one hydrophilic solvent SH2, at least one monomer B to form an inverse
emulsion EMI2;

the hydrophilic phase PH2 and the hydrophilic phase PH1 having distinct compositions,

d) Polymerisation P2, in the presence of at least one initiator, of at least the monomer B on the
prepolymer PP1, in order to form a water-soluble block polymer;

wherein the molecular weight off prepolymer PP1 is determined using the Mark-Houwink
equation:

[n] =K M*

in which:

[n] represents the intrinsic viscosity of prepolymer PP1

K represents an empirical constant

M represents the molecular weight of prepolymer PP1

o represents the Mark-Houwink coefficient

and wherein the apparent viscosity of the prepolymer PP1 of the hydrophilic phase of the inverse
emulsion EMI1 is measured according to the following method:

- precipitation in the acetone of the prepolymer PP1, under stirring at 1 000 rotations per minute;
- recovering by filtration of the prepolymer PP1 in solid form;

- drying of the prepolymer PP1 in solid form in a heat chamber at 30°C for 24 hours;

- solubilizing the dried prepolymer PP1 in a 1 M sodium chloride solution, at 7% by weight in
water,

- measuring the apparent viscosity of the prepolymer PP1 solution using a Brookfield LVT or

LVD viscosimeter at a temperature of 25°C.

2. Method according to claim 1, characterised in that the hydrophilic phase PH1 comprises
a quantity of monomer A of between 10 and 50%, by weight with respect to the total weight of
the hydrophilic phase PH1.

3. Method according to claim 1 or 2, characterised in that the hydrophilic phase PH1
comprises a quantity of water-soluble control agent of between 5x107% and 10%, by weight

with respect to the total weight of the hydrophilic phase PH1.
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4. Method according to one of claims 1 to 3, characterised in that the lipophilic phase PL1
comprises a quantity of water-in-oil emulsifying agent of between 5 and 30% by weight, with

respect to the total weight of the inverse emulsion.

5. Method according to one of claims 1 to 4, characterised in that, in step c¢), the addition of

the hydrophilic phase PH2 to the inverse emulsion EMI1 is done once.

6. Method according to one of claims 1 to 5, characterised in that, in step ¢), the mixing of
the hydrophilic phase PH2 and of the inverse emulsion EMI1 is done under stirring at a speed of
between 50 and 1000 rpm.

7. Method according to one of claims 1 to 6, characterised in that, in step c¢), the duration of
the mixture of the hydrophilic phase PH2 and of the inverse emulsion EMI1 is between 30

minutes and 480 minutes.

8. Method according to one of claims 1 to 7, characterised in that the monomers A and B
are selected from non-ionic hydrophilic monomers, anionic hydrophilic monomers, cationic

hydrophilic monomers, zwitterionic hydrophilic monomers and hydrophobic monomers.

9. Method according to one of claims 1 to 8, characterised in that the monomers A and B

are different.
10.  Water-soluble block polymer obtained according to one of claims 1 to 9.

11. Use of the water-soluble block polymer obtained according to one of claims 1 to 9, in
hydrocarbon recovery, drilling wells; cementing wells; hydrocarbon wells stimulation; open,
closed or semi-closed circuit water treatment; treatment of fermentation broth; sludge treatment;
construction; paper or cardboard manufacture; batteries; wood treatment; treatment of hydraulic
compositions; mining; formulation of cosmetic products; formulation of detergents; textile

manufacture; geothermal energy; manufacture of nappies; or agriculture.

12. Use of the water-soluble block polymer obtained according to one of claims 1 t0 9, as a
flocculant, coagulant, binding agent, fixing agent, viscosity reducing agent, thickening agent,
absorbent agent, friction reducing agent, draining agent, filler retention agent, dehydrating agent,
conditioning agent, stabilising agent, film-forming agent, sizing agent, superplasticising agent,

clay inhibitor or dispersant.
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