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(57) ABSTRACT

The present invention relates to the preparation of block
copolymers, which can be used in particular as rheology
agents, suitable, inter alia, for oil extraction, comprising a
step of radical micellar polymerisation wherein the following
are brought into contact in an aqueous medium: —hydro-
philic monomers, dissolved or dispersed in the aqueous
medium; —hydrophobic monomers in the form of a micellar
solution, i.e. containing, in a dispersed state, micelles com-
prising these hydrophobic monomers; —at least one radical
polymerisation initiator; and —at least one radical polymeri-
sation control agent. The polymers obtained according to the
invention can be used in particular for enhanced oil recovery
(EOR).
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PREPARATION OF AMPHIPHILIC BLOCK
POLYMERS BY CONTROLLED RADICAL
MICELLAR POLYMERISATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. national stage entry under
35 US.C. §371 of international Application No. PCT/
EP2012/071079 filed Oct. 24, 2012, which claims priority to
French Application No. 11.03246 filed on Oct. 24, 2011 and
French Application No. 11.03707 filed on Dec. 5, 2011, the
whole content of these applications being herein incorporated
by reference for all purposes.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a particular poly-
merization process, which gives access to amphiphilic block
polymers that have a specific controlled structure, namely,
schematically, based on a backbone formed from hydrophilic
units (water-soluble or water-dispersible units) interrupted at
various places with small hydrophobic blocks, these hydro-
phobic blocks all being of substantially identical size and
present substantially in the same number and proportion on
all the polymer chains. The invention also relates to
amphiphilic polymers of controlled structure obtained
according to this method, the mean molar mass of which may
be finely controlled by means of the preparation method of the
invention, and which may be used, especially as associative
thickeners, surfactants or surface modifiers.

BACKGROUND OF THE INVENTION

[0003] To obtain water-soluble or water-dispersible poly-
mers including hydrophobic blocks, one currently known
method is that known as “micellar radical polymerization”.
Examples of micellar polymerization have been described
especially in U.S. Pat. No. 4,432,881 or in Polymer, vol. 36,
No. 16, pp. 3197-3211 (1996), to which reference may be
made for further details.
[0004] According to the particular technique of “micellar
radical polymerization”, which will be referred to as “micel-
lar polymerization” for the purposes of brevity in the rest of
the description, block polymers of multiblock type are syn-
thesized by copolymerization of hydrophilic monomers and
hydrophobic monomers in an aqueous dispersing medium
(typically water or a water/alcohol mixture) which com-
prises:
[0005] hydrophilic monomers in dissolved form or dis-
persed in said medium; and
[0006] hydrophobic monomers in surfactant micelles

formed in said medium by introducing therein this sur-

factant at a concentration above its critical micelle con-

centration (cmc).
[0007] According to a particular embodiment, the hydro-
phobic monomers present in the surfactant micelles used in
micellar polymerization may be monomers, which them-
selves have the property of forming micelles without the need
to add additional surfactants (monomers referred to as “self-
micellizable” in the rest of the description). According to this
particular embodiment, the surfactant used may be the self-
micellizable hydrophobic monomer itself, used without any
other surfactants, although the presence of an additional sur-
factant of this type is not excluded. Thus, for the purposes of
the present description, when mention is made of hydropho-
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bic monomers in surfactant micelles, this notion encom-
passes both (i) hydrophobic monomers present in surfactant
micelles other than these monomers, and (ii) monomers com-
prising at least one hydrophobic part or block and forming by
themselves the micelles in aqueous medium. The two above-
mentioned modes (i) and (ii) are compatible and may coexist
(hydrophobic monomers in micelles formed with another
self-micellizable monomer, for example, or alternatively
micelles comprising a combination of surfactants and of self-
micellizable monomers).

[0008] Inmicellar polymerization, the hydrophobic mono-
mers contained in the micelles are said to be in “micellar
solution”.

[0009] The micellar solution to which reference is made is
a micro-heterogeneous system that is generally isotropic,
optically transparent and, thermodynamically stable.

[0010] Itshould be noted that a micellar solution of the type
used in micellar polymerization should be distinguished from
a microemulsion. In particular, in contrast with a microemul-
sion, a micellar solution is formed at any concentration
exceeding the critical micelle concentration of the surfactant
used, with the sole condition that the hydrophobic monomer
is soluble at least to a certain extent in the internal space of the
micelles. A micellar solution moreover differs from an emul-
sion by the absence of an internal homogeneous phase:
micelles contain a very small number of molecules (typically
less than 1000, in general less than 500 and typically from 1
to 100, most usually with 1 to 50 monomers and not more than
a few hundred surfactant molecules when a surfactant is
present) and the micellar solution generally has physical
properties similar to those of the surfactant micelles without
monomers. Moreover, usually, a micellar solution is transpar-
ent with respect to visible light, given the small size of the
micelles, which do not bring about refraction, unlike the
drops of an emulsion, which refract light and give it its char-
acteristic cloudy or white appearance.

[0011] The micellar polymerization technique leads to
characteristic block polymers which each contain several
hydrophobic blocks of substantially the same size, in which
this size may be controlled. Specifically, given the confine-
ment of the hydrophobic monomers in micelles, each of the
hydrophobic blocks formed, of controlled, size, contains sub-
stantially a defined number n,, of hydrophobic monomers,
this number n,, being able to be calculated as follows (Mac-
romolecular Chem. Physics, 202, 8, 1384-1397, 2001):

=N g [Mp)([surfactant]-cmc)

where:

[0012] N, is the aggregation number of the surfactant,
which reflects the number of surfactants present in each
micelle

[0013] [M,,] is the molar concentration of hydrophobic
monomer in the medium, and

[0014] [surfactant] is the molar concentration of surfac-
tant in the medium

[0015]

[0016] The micellar polymerization technique thus enables
advantageous control of the hydrophobic units introduced
into the formed polymers, namely:

[0017] overall control of the mole fraction of hydropho-
bic units in the polymer (by modulating the concentra-
tion ratio of the two monomers); and

cmc is the critical micelle (molar) concentration.
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[0018] a more specific control of the number of hydro-
phobic units present in each of the hydrophobic blocks
(by modifying the parameters influencing the n,, defined
above).

[0019] The multiblock polymers obtained by micellar
polymerization also have an associative nature, which makes
them, in absolute terms, good candidates for applications as
viscosity enhancers.

[0020] However, as a general rule, micellar polymerization
leads to polymer chains of highly non-homogeneous size.
Specifically, although they allow fine control of the size of the
hydrophobic blocks, the current micellar polymerization
techniques lead to more erratic polymerization of the hydro-
philic monomer units. Thus, the micellar polymerization pro-
cesses currently known lead to polymer chains often com-
prising high heterogeneity in terms of composition, with, as a
general rule, a highly polydispersed molecular mass distribu-
tion, without possible predefinition of the mean molecular
mass Mn obtained. This inhomogeneity is especially revealed
in the abovementioned article Polymer, vol. 36, No. 16, pp.
3197-3211 (1996).

[0021] Furthermore, the microstructure of the polymers
obtained (i.e. the distribution of the hydrophobic blocks in the
various chains) is not controlled, which is due especially to
the very short lifetimes of the propagating chains relative to
the overall polymerization time, combined with the differ-
ences in reactivity of the propagating active centres with
respect to the hydrophilic monomers and the hydrophobic
monomers (and also to their differences in concentration).

[0022] Inother words, micellar polymerization does indeed
make it possible, in the most general case, to integrate hydro-
phobic blocks of controlled size into hydrophilic chains,
which makes it possible to synthesize self-associative poly-
mers, but without controlling the overall size of the polymers
synthesized or the microstructure of these polymers, which
does not allow fine control of the properties of these self-
associative polymers.

[0023] Moreover, the absence of control of the microstruc-
ture does not allow sufficiently fine modulation and control of
the properties of polymers synthesized by micellar polymer-
ization. Furthermore, it prevents access to copolymers of
controlled architecture.

[0024] In addition, micellar polymerization processes are
generally limited to extremely dilute systems to enable the
addition and mixing of reagents. The molecular masses
obtained in micellar radical polymerization are generally of
the order of 500 000 to 5 000 000 g/mol, for example from 500
000 to 3 000 000.

[0025] To reduce the composition drift in polymers derived
from micellar polymerization, a process of semi-continuous
addition ofhydrophobic monomers was proposed in U.S. Pat.
No. 6,207,771. Although interesting, this process does not,
however, allow effective control of the microstructure and
does not at all control the molecular masses.

[0026] One aim of the present invention is to provide block
polymers comprising hydrophobic blocks of controlled size,
of the type obtained in standard micellar polymerization, but
improving the control of the mean molecular mass of the
chains synthesized and also allowing control of the micro-
structure of polymers, i.e. homogeneity, from one polymer
chain to another, of the distribution of the hydrophobic blocks
in the hydrophilic backbone.
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SUMMARY OF THE INVENTION

[0027] To this end, according to afirst aspect, one subject of
the present invention is a process for preparing a block
copolymer, which comprises a step (E) of micellar radical
polymerization in which the following are placed in contact,
in an aqueous medium (M):

[0028] hydrophilic monomers, dissolved or dispersed in
said aqueous medium (M);

[0029] hydrophobic monomers in the form of a micellar
solution, i.e. containing, in dispersed form in the
medium (M), micelles comprising these hydrophobic
monomers (this dispersed state being able especially to
be obtained by means of at least one surfactant);

[0030] at least one radical polymerization initiator, this
initiator typically being water-soluble or water-dispers-
ible; and

[0031] at least one radical polymerization control agent.

[0032] The aqueous medium (M) used in step (E) is a
medium comprising water, preferably to a proportion of at
least 50% by mass, or even at least 80%, for example at least
90%, or even at least 95%. This aqueous medium may option-
ally comprise solvents other than water, for example a water-
miscible alcohol. Thus, the medium (M) may be, for example,
an aqueous-alcoholic mixture. According to a possible vari-
ant, the medium (M) may comprise other solvents, preferably
in a concentration in which said solvent is water-miscible,
which may especially make it possible to reduce the amount
of stabilizing surfactants used. Thus, for example, the
medium (M) may comprise pentanol, or any other additive for
modulating the aggregation number of the surfactants. In
general, itis preferable for the medium (M) to be a continuous
phase of water consisting of one or more solvents and/or
additives that are miscible with each other and in water in the
concentrations at which they are used.

[0033] For the purposes of the present description, the term
“radical polymerization control agent” means a compound
that is capable of extending the lifetime of the growing poly-
mer chains in a polymerization reaction and of giving the
polymerization a living or controlled nature. This control
agent is typically a reversible transfer agent as used in con-
trolled radical polymerizations known under the terminology
RAFT or MADIX, which typically use a process of reversible
addition-fragmentation transfer, such as those described, for
example, in W096/30421, WO 98/01478, WO 99135178,
WO 98/58974, WO 00/75207, WO 01/42312, WO 99/35177,
WO 99/31144, FR2794464 or WO 02/26836.

[0034] According to an advantageous embodiment, the
radical polymerization control agent used in step (E) is a
compound which comprises a thiocarbonylthio group
—S(C=—S)—. Thus, for example, it may be a compound
which comprises a xanthate group (bearing —SC—S—0—
functions), for example a xanthate. Other types of control
agent may be envisioned (for example ofthe type used in CRP
or ATRP).

[0035] According to a particular embodiment, the control
agent used in step (E) may be a polymer chain derived from a
controlled radical polymerization and bearing a group that is
capable of controlling a radical polymerization (polymer
chain of “living” type, which is a type that is well known per
se). Thus, for example, the control agent may be a polymer
chain (preferably hydrophilic or water-dispersible) function-
alized at the chain end with a xanthate group or more gener-
ally comprising a group —SC—S—, for example obtained,
according to the MADIX technique.
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[0036] Alternatively, the control agent used in step (E) is a
non-polymer compound bearing a group that ensures control
of the radical polymerization, especially a thiocarbonylthio
group —S(C—8)—.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIGS. 1 and 3 illustrate the change in collected
masses as a function of time for the solutions containing 0.2%
of polymers of Examples 12 and 13 during filtration at 60° C.
(referred to as the filtered masses).

DETAILED DESCRIPTION OF THE INVENTION

[0038] The studies that were performed by the inventors in
the context of the present invention have now made it possible
to demonstrate that a micellar radical polymerization per-
formed in the presence of a radical polymerization control
agent of the abovementioned type leads, in addition to the
advantages generally observed in micellar polymerization
(namely (i) control of the mole fraction of hydrophobic units
in the polymers; and (ii) control of the number of hydrophobic
units in each hydrophobic block), to:

[0039] control of the mean molecular mass; and

[0040] control of the distribution of the hydrophobic
blocks in the various chains;

[0041] production of polymer chains of living nature,
offering the possibility of preparing complex polymers
of controlled architecture.

[0042] This effect is most particularly marked when the
control agentused is a compound that is soluble or dispersible
in the aqueous medium (M) used in step (E), and/or when this
control agent is not capable of penetrating into the micelles of
the micellar solution. This effect may also be observed in the
case where the control agent is not soluble/dispersible in the
medium (M) or when the control agent is capable of penetrat-
ing into the micelles.

[0043] According to a particular variant, the radical poly-
merization control agent used in step (E) is a polymer, advan-
tageously an oligomer, of water-soluble or water-dispersible
nature and bearing a thiocarbonylthio group —S(C—S)—,
for example a xanthate group —SC—S—O—. This polymer,
which is capable of acting both as a polymerization control
agent and as a monomer in step (E), is also referred to as a
“prepolymer” in the rest of the description. Typically, this
prepolymer is obtained, by radical polymerization of hydro-
philic monomers in the presence of a control agent bearing a
thiocarbonylthio group —S(C—S)—, for example a xan-
thate. Thus, for example, according to an advantageous
embodiment that is illustrated at the end of the present
description, the control agent used in step (E) may advanta-
geously be a prepolymer bearing a thiocarbonylthio group
—S(C=S)—, for example a xanthate group —SC—S—
O—, obtained after a step (E°) of controlled radical polymer-
ization prior to step (E). In this step (E°), hydrophilic mono-
mers; advantageously identical to those used in step (E); a
radical polymerization initiator; and a control agent bearing a
thiocarbonylthio group —S(C—S)—, for example a xan-
thate, can typically be placed in contact.

[0044] The use of the abovementioned step (EO) prior to
step (E) makes it possible, schematically, to hydrophilize a
large number of control agents bearing thiocarbonylthio
functions (for example xanthate, which are rather hydropho-
bic by nature), by converting them from prepolymers that are
soluble or dispersible in the medium (M) of step (E). Prefer-
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ably, a prepolymer synthesized in step (E®) has a short poly-
mer chain, for example comprising a sequence of less than 50
or even less than 25 monomer units, for example between 2
and 15.

[0045] Unexpectedly, it turns out that the conditions of step
(E) make it possible to combine the advantages both of con-
trolled radical polymerization and of micellar polymeriza-
tion. In this context, the inventors have in particular now
demonstrated that the presence of micelles in the polymer-
ization medium does not affect the action of the control
agents, which make it possible to perform a controlled poly-
merization of the monomers present in the aqueous medium
in a similar manner to a controlled radical polymerization
performed in homogeneous medium, thus making it possible
very readily to predict and control the mean molar mass ofthe
synthesized polymer (this mass is proportionately higher the
smaller the initial concentration of control agent in the
medium, this concentration dictating the number of growing
polymer chains). Atthe same time, the presence of the control
agent is not harmful either to the advantageous effect
observed in polymerization, namely the precise control of the
size of the hydrophobic blocks.

[0046] In addition to this control of polymerization of the
monomers, which is not obtained in the more usual micellar
polymerization processes, the implementation of step (E) of
the process of the invention also makes it possible, again
entirely surprisingly, to gain access to polymers of both high
and controlled size, which proves to be very particularly
unexpected in the light of the maximum sizes that can be
obtained at the present time using controlled radical polymer-
ization or micellar radical polymerization methods in the
absence of control agents.

[0047] Under the conditions of step (E), it proves to be
possible to control the number-average molar mass of the
polymers up to very high values; thus, according to a particu-
lar embodiment, the polymers synthesized according to the
process of the invention may have a molecular mass of greater
than 300 000 g/mol. In particular, by adjusting the initial
concentration of control agent in the medium (M), step (E)
may typically lead to the synthesis of a block polymer having
a molecular mass Mn of greater than 400 000 g/mol. Accord-
ing to an advantageous embodiment of the process of the
invention, in step (E), the initial concentration of control
agent in the medium is chosen such that the synthesized
hydrophilic polymer block average molecular mass has a
number-average molecular mass Mn of greater than or equal
to 500 000 g/mol, for example between 500 000 and 1 000 000
g/mol, sizes of up to 2 000 000 possibly being achieved.
[0048] The process of the invention also makes it possible
to prepare polymers of lower masses. According to an advan-
tageous embodiment, the synthesized polymer is a polymer
with a mass of between 1000 and 100 000 g/mol and prefer-
ably between 2000 and 25 000 g/mol. Typically, such poly-
mers of low masses may be obtained at a concentration below
their critical overlap concentration. On account of their small
sizes, such polymers can diffuse at the interfaces and partici-
pate in modifying the properties of these interfaces or sur-
faces.

[0049] Irrespective of the size of the polymers synthesized
in step (E), these polymers also have a highly controlled
microstructure, with chains that are substantially all similar,
comprising hydrophobic blocks substantially distributed in
the same manner from one polymer chain to another. This
homogeneity of the distribution of the hydrophobic blocks
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from one chain to another makes it possible to obtain a poly-
mer population all having similar properties, which makes it
possible to provide compositions having perfectly targeted
and reproducible properties, which constitute an advantage
for certain applications of polymers, for example when it is
sought to use them to obtain a precisely metered viscosity-
enhancing effect. The polymers obtained according to the
invention are distinguished in this from the polymers gener-
ally obtained in micellar polymerization, which most usually
have a very broad and very heterogeneous distribution of the
hydrophobic blocks in the various chains.

[0050] Thus, the use of step (E) affords access to particu-
larly novel and advantageous polymers. According to a sec-
ond aspect, these polymers constitute another subject of the
present invention. Given the implementation of the condi-
tions of step (E), these polymers usually have a linear struc-
ture, with hydrophobic blocks localized on a monotonous
gradient, i.e. of constantly decreasing or constantly increas-
ing concentration from the start to the end of the polymer
chain in formation, which is especially explained by the fact
that the hydrophobic monomers present in the micellar solu-
tion become depleted over time.

[0051] The polymers obtained according to the present
invention may be used, in many fields. They may be used most
particularly as surfactants and/or rheology modifiers, espe-
cially as viscosity enhancers or thickeners, in particular in
aqueous media.

[0052] According to a third aspect, a subject of the inven-
tion is also this particular use of the specific polymers
obtained according to the invention. A subject of the invention
is also processes for modifying aqueous media using these
polymers as rheology modifiers. The invention also relates to
aqueous compositions comprising the polymers according to
the invention, which may be used especially for exploiting oil
and/or gas reservoirs. A subject of the invention is also meth-
ods using aqueous compositions of this type for exploiting oil
and/or gas reservoirs, especially methods using circulation or
placement of such a composition in a well.

[0053] The specific polymers obtained according to the
invention may also be used for performing surface function-
alizations (hydrophilization or hydrophobization depending
on the nature of the surface, given the amphiphilic nature of
the polymers), stabilization of interfaces of oil/water or
water/gas type.

[0054] Various features and embodiments of the invention
will now be described in greater detail.

Radical Polymerization Control Agent

[0055] The control agent used in step (E) or, where appro-
priate, in step (E° of the process of the invention is advanta-
geously a compound bearing a thiocarbonylthio group
—S(C=—S)—. According to a particular embodiment, the
control agent may bear several thiocarbonylthio groups. It
may optionally be a polymer chain bearing such a group.
[0056] Thus, this control agent may, for example, corre-
spond to formula (A) below:

&)
S

RI—S%

Z
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in which:
[0057] Z represents:
[0058] a hydrogen atom,
[0059] a chlorine atom,
[0060] an optionally substituted alkyl or optionally

substituted aryl radical,

[0061] an optionally substituted heterocycle,

[0062] an optionally substituted alkylthio radical,

[0063] an optionally substituted arylthio radical,

[0064] an optionally substituted alkoxy radical,

[0065] an optionally substituted aryloxy radical,

[0066] an optionally substituted amino radical,

[0067] an optionally substituted hydrazine radical,

[0068] an optionally substituted alkoxycarbonyl radi-
cal,

[0069] an optionally substituted aryloxycarbonyl
radical,

[0070] an optionally substituted carboxyl or acyloxyl
radical,

[0071] an optionally substituted aryloxy radical,

[0072] an optionally substituted carbamoyl radical,

[0073] a cyano radical,

[0074] a dialkyl- or diaryl-phosphonato radical,

[0075] a dialkyl-phosphinato or diaryl-phosphinato
radical, or

[0076] a polymer chain,

and
[0077] R, represents:

[0078] an optionally substituted alkyl, acyl, aryl,
aralkyl, alkene or alkyne group,

[0079] asaturated or unsaturated, aromatic, optionally
substituted carbocycle or heterocycle, or

[0080] a polymer chain, which is preferably hydro-
philic or water-dispersible when the agent is used in
step (E).

[0081] The groups R, or Z, when they are substituted, may

be substituted with optionally substituted phenyl groups,
optionally substituted aromatic groups, saturated or unsatur-
ated carbocycles, saturated or unsaturated heterocycles, or
groups chosen from the following: alkoxycarbonyl or ary-
loxycarbonyl (—COOR), carboxyl (—COOH), acyloxy
(—0,0R), carbamoyl (—CONR,), cyano (—CN), alkylcar-
bonyl, alkylarylcarbonyl, arylcarbonyl, arylalkylcarbonyl,
phthalimido, maleimido, succinimido, amidino, guanidimo,
hydroxyl (—OH), amino (—NR,), halogen, perfluoroalkyl
C,F,,,.1,allyl, epoxy, alkoxy (—OR), S-alkyl, S-aryl, groups
of hydrophilic or ionic nature such as alkali metal salts of
carboxylic acids, alkali metal salts of sulfonic acid, polyalky-
lene oxide chains (PEO, PPO), cationic substituents (quater-
nary ammonium salts), R representing an alkyl or aryl group,
or a polymer chain.

[0082] For the control agents of formula (A) used in step
(E), it is generally preferred for the group R1 to be of hydro-
philic nature. Advantageously, it is a water-soluble or water-
dispersible polymer chain.

[0083] The group R1 may alternatively be amphiphilic, i.e.
it may have both hydrophilic and lipophilic nature. It is pref-
erable for R1 not to be hydrophobic.

[0084] As regards the control agents of formula (A) used in
step (E°), R, may typically be a substituted or unsubstituted,
preferably substituted, alkyl group. A control agent of for-
mula (A) used in step (E°) may nevertheless comprise other
types of group R, especially a ring or a polymer chain.
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[0085] The optionally substituted alkyl, acyl, aryl, aralkyl
or alkyne groups generally contain 1 to 20 carbon atoms,
preferably 1 to 12 and more preferentially 1 to 9 carbon
atoms. They may be linear or branched. They may also be
substituted with oxygen atoms, especially in the form of
esters or sulfur or nitrogen atoms.

[0086] Among the alkyl radicals, mention may be made
especially of methyl, ethyl, propyl, butyl, pentyl, isopropyl,
tert-butyl, pentyl, hexyl, octyl, decyl or dodecyl radicals.
[0087] The alkyne groups are radicals generally containing
from 2 to 10 carbon atoms, and contain at least one acetylenic
unsaturation, such as the acetylenyl radical.

[0088] The acyl group is a radical generally containing
from 1 to 20 carbon atoms with a carbonyl group.

[0089] Among the aryl radicals, mention may be made
especially of the phenyl radical, optionally substituted espe-
cially with a nitro or hydroxyl function.

[0090] Among the aralkyl radicals, mention may be made
especially of the benzyl or phenethyl radical, optionally sub-
stituted especially with a nitro or hydroxyl function.

[0091] WhenR, orZ is a polymer chain, this polymer chain
may be derived from a radical or ionic polymerization or
derived from a polycondensation.

[0092] Advantageously, compounds bearing a xanthate
—S(C=—S8)O—, trithiocarbonate, dithiocarbamate or dithio-
carbazate function, for example bearing an O-ethyl xanthate
function of formula —S(C—S)OCH,CHj,, are used as con-
trol agent for step (E), and also for step (E°), where appropri-
ate.

[0093] When step (E°) is performed, it is especially advan-
tageous to use as control agents in this step a compound
chosen from xanthates, trithiocarbonates, dithiocarbamates
and dithiocarbazates. Xanthates prove to be most particularly
advantageous, especially those bearing an O-ethyl xanthate
function —S(C—S)OCH,CH,;, such as O-ethyl-S-(1-meth-
oxycarbonylethyl) xanthate (CH;CH(CO,CH,))S(C=S)
OEt. Another possible control agent in step (E°) is dibenzyl-
trithiocarbonate of formula PhCH,S(C—S)SCH,Ph (in
which Ph=phenyl).

[0094] The living prepolymers obtained in step (E°) using
the abovementioned control agents prove to be particularly
advantageous for performing step (E).

Hydrophilic Monomers

[0095] The process of the invention may be employed with
a very large number of hydrophilic monomers.

[0096] Typically, the monomers may comprise monomers
chosen from:

[0097] ethylenically unsaturated carboxylic acids, sul-
fonic acids and phosphonic acids, and/or derivatives
thereof such as acrylic acid (AA), methacrylic acid,
ethacrylic acid, a-chloroacrylic acid, crotonic acid,
maleic acid, maleic anhydride, itaconic acid, citraconic
acid, mesaconic acid, glutaconic acid, aconitic acid,
fumaric acid, monoethylenically unsaturated dicar-
boxylic acid monoesters comprising 1 to 3 and prefer-
ably 1 to 2 carbon atoms, for example monomethyl
maleate, vinylsulfonic acid, (meth)allylsulfonic acid,
sulfoethyl acrylate, sulfoethyl methacrylate, sulfopro-
py!l acrylate, sulfopropyl methacrylate, 2-hydroxy-3-
acryloyloxypropylsulfonic acid, 2-hydroxy-3-meth-
acryloyloxypropylsulfonic acid, styrenesulfonic acids,
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2-acrylamido-2-methylpropanesulfonic acid,
vinylphosphonic acid, a-methylvinylphosphonic acid
and allylphosphonic acid;

[0098] esters of a,B-ethylenically unsaturated monocar-
boxylic and dicarboxylic acids with C2-C3 alkanediols,
for example 2-hydroxyethyl acrylate, 2-hydroxyethyl
methacrylate, 2-hydroxyethyl ethacrylate, 2-hydrox-
ypropyl acrylate, 2-hydroxypropyl methacrylate, 3-hy-
droxypropyl acrylate, 3-hydroxypropyl methacrylate
and polyalkylene glycol (meth)acrylates;

[0099] o.,fB-ethylenically unsaturated monocarboxylic
acid amides and the N-alkyl and N,N-dialkyl derivatives
thereof such as acrylamide, methacrylamide, N-methyl
(meth)acrylamide, N-ethyl(meth)acrylamide, N-propyl
(meth)acrylamide, N,N-di methyl(meth)acrylamide,
N,N-diethyl(meth)acrylamide, morpholinyl(meth)acry-
lamide and methylolacrylamide (acrylamide and N,N-
dimethyl(meth)acrylamide prove to be particularly
advantageous);

[0100] N-vinyllactams and derivatives thereof, for
example N-vinylpyrrolidone and N-vinylpiperidone;
[0101] open-chain N-vinylamide compounds, for
example N-vinylformamide, N-vinyl-N-methylforma-
mide, N-vinylacetamide, N-vinyl-N-methylacetamide,
N-vinyl-N-ethylacetamide, N-vinyipropionamide,
N-vinyl-N-methylpropionamide and N-vinylbutyra-

mide;

[0102] esters of a,B-ethylenically unsaturated monocar-
boxylic and dicarboxylic acids with amino alcohols, for
example N,N-dimethylaminomethyl (meth)acrylate,
N,N-dimethylaminoethyl (meth)acrylate, N,N-diethy-
laminoethyl acrylate and N,N-dimethylaminopropyl
(meth)acrylate:

[0103] amides of a.,p-ethylenically unsaturated mono-
carboxylic and dicarboxylic acids with diamines com-
prising at least one primary or secondary amino group,
such as N-[2-(dimethylamino)ethyl]acrylamide, N[2-
(dimethylamino)ethyl Jmethacrylamide, N-[3-(dim-
ethylamino)propyl]acrylamide, N-[3-(dimethylamino)

propyl]methacrylamide, N-[4-(dimethylamino)butyl]
acrylamide and N-[4-(dimethylamino)butyl]
methacrylamide;

[0104] N-diallylamines,  N,N-diallyl-N-alkylamines,

acid-addition salts thereof and quaternization products
thereof, the alkyl used here preferentially being C1-C3-
alkyl;

[0105] N,N-diallyl-N-methylamine and N,N-diallyl-N,
N-dimethylammonium compounds, for example the
chlorides and bromides;

[0106] nitrogenous heterocycles substituted with vinyl
and allyl, for example N-vinylimidazole, N-vinyl-2-me-
thylimidazole, heteroaromatic compounds substituted
with vinyl and allyl, for example 2- and 4-vinylpyridine,
2- and 4-allylpyridine, and salts thereof:

[0107] sulfobetaines; and

[0108] mixtures and combinations of two or more of the
abovementioned monomers.

[0109] According to a particular embodiment, these mono-
mers may especially comprise acrylic acid (AA). According
to a possible embodiment, the monomers are all acrylic acids,
but it may also be envisioned to use as monomers a mixture
comprising, inter alia, acrylic acid as a mixture with other
hydrophilic monomers.
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[0110] According to a preferential embodiment, the hydro-
philic monomers of step (E) comprise (meth)acrylic acid
and/or (meth)acrylamido monomers.

[0111] For the purposes of the present description, the term
“(meth)acrylic acid” includes methacrylic acid, and acrylic
acid, and mixtures thereof.

[0112] Similarly, for the purposes of the present descrip-
tion, the term “(meth)acrylate” includes methacrylate and
acrylate, and mixtures thereof.

[0113] Similarly, for the purposes of the present descrip-
tion, the term “(meth)acrylamide/(meth)acrylamido”
includes methacrylamide/methacrylamido and acrylamide/
acrylamido, and mixtures thereof.

[0114] The monomers containing acid groups may be used
for the polymerization in the form of the free acid or in
partially or totally neutralized form. KOH, NaOH, ammonia
or another base may be used, for example, for the neutraliza-
tion.

[0115] According to another particular embodiment, the
monomers used in the process of the invention are especially
acrylic acid, methacrylic acid and/or salts thereof, and/or
mixtures thereof.

[0116] According to another embodiment, the monomers
used in step (E) comprise (and typically consist of) (meth)
acrylamide monomers, or more generally (meth)acrylamido
monomers, including:

[0117] acrylamido monomers, namely acrylamide, the
sulfonate derivative thereof (AMPS), quaternary ammo-
nium (APTAC) and sulfopropyldimethylammonium-
propylacrylamide;

[0118] methacrylamido monomers, such as sulfopropy-
ldimethylammoniumpropylmethacrylamide (SPP) and
sulfohydroxypropyldimethylam-
moniumpropylmethacrylamido.

[0119] According to a particular embodiment, the mono-
mers of step (E) are acrylamides. An acrylamide used in step
(E) is preferably an acrylamide that is not stabilized with
copper. In the event of copper being present, it is preferable to
introduce a copper-complexing agent such as EDTA, where
appropriate preferably to a proportion of 20 to 2000 ppm.
When acrylamides are used in step (E), they may typically be
used in the form of powder or of an aqueous solution (option-
ally, but not necessarily, stabilized with hydroquinone
monomethyl ether HQME, or alternatively with copper salts
(preferably supplemented with EDTA, where appropriate)).
[0120] Irrespective of their exact nature, the monomers of
step (E) may be used at relatively high concentrations, typi-
cally at concentrations that would be sufficient to ensure the
formation of gel if step (E) were performed in the absence of
a control agent. The inventors have now demonstrated, sur-
prisingly, that the polymerization of step (E) can, if need be,
be performed under conditions which correspond to that of
gel polymerization, and without necessarily leading to gela-
tion of the reaction medium during the polymerization, due to
the presence of the control agent. Whether or not gelation of
the medium is observed, step (E) allows a polymerization of
controlled type, unlike a polymerization performed without
an additional control agent.

[0121] Typically, the initial monomer concentration in the
reaction medium of step (E) may range up to 40% by mass, or
even up to 50% by mass, this concentration generally remain-
ing less than 30% by mass relative to the total mass of the
reaction medium. For example, the initial monomer concen-
tration in the reaction medium of'step (E) is between 0.5% and

Dec. 25,2014

35% and especially between 1% and 20% by mass relative to
the total mass of the reaction medium.

[0122] According to a specific embodiment, the hydro-
philic monomers used in step (E) are heat-sensitive mac-
romonomers, which are insoluble in water beyond a certain
temperature (the cloud point), but are soluble at lower tem-
perature, step (E) being performed at a temperature below the
cloud point. Macromonomers of this type typically have a
polymerizable function of acrylamido type, and a side chain
composed of ethylene oxide or propylene oxide sequences
(random or in blocks), or alternatively based on N-isopropy-
lacrylamide or N-vinylcaprolactam. This embodiment espe-
cially gives access to the preparation of polymers having
heat-thickening properties, which may be used, for example,
in the petroleum industry.

[0123] Preferably, in step (E), all the hydrophilic mono-
mers are dissolved and/or dispersed in the aqueous medium
M.

Hydrophobic Monomers

[0124] These monomers, used in step (E) in the form of a
micellar solution, i.e. containing, in dispersed form in the
medium (M), micelles comprising these hydrophobic mono-
mers. Provided that they can be incorporated into micelles of
this type, any monomer of hydrophobic nature may be envi-
sioned in step (E).

[0125] As nonlimiting examples of hydrophobic mono-
mers that may be used according to the invention, mention
may be made especially of:

[0126] vinylaromatic monomers such as styrene, o-me-
thylstyrene, para-chloromethylstyrene, vinyltoluene,
2-methylstyrene, 4-methylstyrene, 2-(n-butyl)styrene
or 4-(n-decyl)styrene (styrene proves to be especially
advantageous);

[0127] halogenated vinyl compounds, such as vinyl or
vinylidene halides, for instance vinyl or vinylidene chlo-
rides or fluorides, corresponding to the formula
R,R C=CX'X?,

[0128] where:

[0129] —ForCl
[0130] X*=H,ForCl
[0131] each one from among R, and R represents,
independently:
[0132] H,CL F;or
[0133] an alkyl group, preferably chlorinated
and/or fluorinated, more advantageously per-
chlorinated or perfluorinated;

[0134] esters of a,B-ethylenically unsaturated mono-
carboxylic or dicarboxylic acid with C2-C30
alkanols, for example methyl ethacrylate, ethyl
(meth)acrylate, ethyl ethacrylate, n-propyl (meth)
acrylate, isopropyl (meth)acrylate, n-butyl (meth)
acrylate, sec-butyl (meth)acrylate, tert-butyl (meth)
acrylate, tert-butyl ethacrylate, n-hexyl (meth)
acrylate, n-heptyl (meth)acrylate, n-octyl (meth)
acrylate, 1,1,3,3-tetramethyl butyl (meth)acryl ate,
ethyl hexyl (meth)acrylate, n-nonyl (meth)acrylate,
n-decyl (meth)acrylate, n-undecyl (meth)acrylate,
tridecyl (meth)acrylate, myristyl (meth)acrylate, pen-
tadecyl (meth)acrylate, palmityl (meth)acrylate, hep-
tadecyl (meth)acrylate, nonadecyl (meth)acrylate,
arachinyl (meth)acrylate, behenyl (meth)acrylate,
lignoceryl (meth)acrylate, cerotinyl (meth)acrylate,
melissinyl (meth)acrylate, palmitoleeyl (meth)acry-
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late, oleyl (meth)acrylate, linolyl (meth)acrylate,
linolenyl (meth)acrylate, stearyl (meth)acrylate and
lauryl (meth)acrylate, and mixtures thereof;

[0135] esters of vinyl or allyl alcohol with C1-C30
monocarboxylic acids, for example vinyl formate,
vinyl acetate, vinyl propionate, vinyl butyrate, vinyl
laurate, vinyl stearate, vinyl propionate or vinyl ver-
satate, and mixtures thereof;,

[0136] ethylenically unsaturated nitriles, such as acry-
lonitrile or methacrylonitrile, and mixtures thereof;
[0137] esters of a,B-ethylenically unsaturated mono-
carboxylic or dicarboxylic acids with C3-C30
alkanediols, for example 2-hydroxypropyl acrylate,
2-hydroxypropyl methacrylate, 3-hydroxypropyl
acrylate, 3-hydroxypropyl methacrylate, 3-hydroxy-
butyl acrylate, 3-hydroxybutyl methacrylate, 4-hy-
droxybutyl acrylate, 4-hydroxybutyl methacrylate,
6-hydroxyhexyl acrylate, 6-hydroxyhexyl methacry-
late, 3-hydroxy-2-ethylhexyl acrylate and 3-hydroxy-

2-ethylhexyl methacrylate;

[0138] primary amides of a,f-ethylenically unsatur-
ated monocarboxylic and dicarboxylic acids and
N-alkyl and N,N-dialkyl derivatives, such as N-pro-
pyl(meth)acrylamide, N-(n-butyl)(meth)acrylamide,
N-(tert-butyl)(meth)acrylamide, N-(n-octyl)(meth)
acrylamide, N-(1,1,3,3-tetramethylbutyl)(meth)acry-
lamide N-ethylhexyl(meth)acrylamide, N-(n-nonyl)
(meth)acrylamide,  N-(n-decyl)(meth)acrylamide,
N-(n-undecyl)(meth)acrylamide, N-tridecyl(meth)
acrylamide, N-myristyl(meth)acrylamide, N-penta-
decyl(meth)acrylamide, = N-palmityl(meth)acryla-
mide, N-heptadecyl(meth)acrylamide, N-nonadecyl
(meth)acrylamide,  N-arachinyl(meth)acrylamide,
N-behenyl(meth)acrylamide, = N-lignoceryl(meth)
acrylamide, N-cerotinyl(meth)acrylamide, N-mel-
issinyl(meth)acrylamide, N-palmitoleyl(meth)acry-
lamide, N-oleyl(meth)acrylamide, N-linolyl(meth)
acrylamide, N-linolenyl(meth)acrylamide, N-stearyl
(meth)acrylamide and N-lauryl(meth)acrylamide;

[0139] N-vinyllactams and derivatives thereof, such
as N-vinyl-5-ethyl-2-pyrrolidone, N-vinyl-6-methyl-
2-piperidone, N-vinyl-6-ethyl-2-piperidone, N-vi-
nyl-7-methyl-2-caprolactam and N-vinyl-7-ethyl-2-
caprolactam;

[0140] esters of a,B-ethylenically unsaturated mono-
carboxylic and dicarboxylic acids with amino alco-
hols, for example N,N-dimethylaminocyclohexyl

(meth)acrylate;
[0141] amides of «a,p-ethylenically unsaturated
monocarboxylic and dicarboxylic acids with

diamines comprising at least one primary or second-
ary amino group, such as N-[4-(dimethylamino)bu-
tylJacrylamide, N-[4-(dimethylamino)butyl]meth-
acrylamide, N-[2-(diethylamino)ethyl]acrylamide,
N-[4-(dimethylamino)cyclohexyl]acrylamide  and
N-[4-(dimethylamino)cyclohexyl|methacrylamide;
and
[0142] C2-C8 monoolefins and nonaromatic hydro-
carbons comprising at least two conjugated double
bonds, for example ethylene, propylene, isobutylene,
isoprene or butadiene.
[0143] According to a preferential embodiment, the hydro-
phobic monomers used according to the invention may be
chosen from:
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[0144] o,p-unsaturated esters of C1-C30 alkyl and pref-
erably of C4-C22 alkyl, in particular alkyl acrylates and
methacrylates, for instance methyl, ethyl, butyl, 2-eth-
ylhexyl, isooctyl, lauryl, isodecyl or stearyl acrylates or
methacrylate (lauryl methacrylate in particular proves to
be especially advantageous);

[0145] o,p-unsaturated amides of C1-C30 alkyl and
preferably of C4-C22 alkyl, in particular alkyl acryla-
mides and methacrylamides, for instance methyl, ethyl,
butyl, 2-ethylhexyl, isooctyl, lauryl, isodecyl or stearyl
acrylamide or methacrylamide (laurylmethacrylamide
in particular proves to be especially advantageous);

[0146] vinyl or allyl alcohol esters of saturated carboxy-
lic acids, such as vinyl or allyl acetate, propionate, ver-
satate or stearate;

[0147] «,p-unsaturated nitriles containing from 3 to 12
carbon atoms, such as acrylonitrile or

[0148] acrylonitrile,
[0149] «-olefins and conjugated dienes;
[0150] mixtures and combinations of two or more of the

abovementioned monomers.
[0151] Preferably, the micelles of the micellar solution of
step (E) do not contain any monomers of hydrophilic or
water-dispersible nature. Moreover, preferably, all the hydro-
phobic monomers used in step (E) are contained in micelles of
the micellar solution.

Initiation and Implementation of the Radical Polymerizations
of Steps (E) and (E°)

[0152] When it is used in step (E), the radical polymeriza-
tion initiator is preferably water-soluble or water-dispersible.
Besides this preferential condition, any radical polymeriza-
tion initiator (source of free radicals) that is known per se and
suited to the conditions chosen for these steps may be used in
step (E) and step (E°) of the process of the invention.

[0153] Thus, the radical polymerization initiator used
according to the invention may be chosen, for example, from
the initiators conventionally used in radical polymerization. It
may be, for example, one of the following initiators:

[0154] hydrogen peroxides such as: tert-butyl hydroper-
oxide, cumene hydroperoxide, t-butyl peroxyacetate,
t-butyl peroxybenzoate, t-butyl peroxyoctoate, t-butyl
peroxyneodecanoate, t-butyl peroxyisobutyrate, laurayl
peroxide, t-amyl peroxypivalate, t-butyl peroxypivalate,
dicumyl peroxide, benzoyl peroxide, potassium persul-
fate, ammonium persulfate,

[0155] azo compounds such as: 2-2'-azobis(isobutyroni-
trile), 2,2'-azobis(2-butanenitrile), 4,4'-azobis(4-pen-
tanoic acid), 1,1'-azobis(cyclohexanecarbonitrile), 2-(t-
butylazo)-2-cyanopropane, 2,2'-azobis|2-methyl-N-(1,
1)-bis(hydroxymethyl)-2-hydroxyethyl]propionamide,
2,2'-azobis| 2-methyl-N-hydroxyethyl|propionamide,
2,2'-azobis(N,N'-dimethyleneisobutyramidine) dichlo-
ride, 2,2'-azobis(2-amidinopropane) dichloride, 2,2'-
azobis(N,N'-dimethyleneisobutyramide), 2,2'-azobis(2-
methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethyl]
propionamide), 2,2'-azobis(2-methyl-N-[1,1-bis
(hydroxymethyl)ethyl|propionamide), 2,2'-azobis[2-
methyl-N-(2-hydroxyethyl) propionamide], 2,2'-azobis
(isobutyramide) dihydrate,

[0156] redox systems comprising combinations such as:

[0157] mixtures of hydrogen peroxide, alkyl peroxide,
peresters, percarbonates and the like and any iron salts,
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titanous salts, zinc formaldehyde sulfoxylate or sodium
formaldehyde sulfoxylate, and reducing sugars,

[0158] alkali metal orammonium persulfates, perborates
or perchlorate in combination with an alkali metal
bisulfite, such as sodium metabisulfite, and reducing
sugars, and

[0159] alkali metal persulfates in combination with an
arylphosphinic acid, such as benzenephosphonic acid
and the like, and reducing sugars.

[0160] Typically, the amount of initiator to be used is pref-
erably determined such that the amount of radicals generated
is not more than 50 mol % and preferably not more than 20
mol % relative to the amount of control agent or transfer
agent.

[0161] Most particularly, in step (E), it generally proves to
be advantageous to use a radical initiator of redox type, which
has, inter alia, the advantage of not necessitating heating of
the reaction medium (no thermal initiation) and for which the
inventors have now also discovered that it proves to be suit-
able for the micellar polymerization of step (E).

[0162] Thus, the radical polymerization initiator used in
step (E) may typically be a redox initiator, typically not neces-
sitating heating for the thermal initiation thereof. It is typi-
cally a mixture of at least one oxidizing agent with at least one
reducing agent.

[0163] The oxidizing agent present in this redox system is
preferably a water-soluble agent. This oxidizing agent may be
chosen, for example, from peroxides such as: hydrogen per-
oxide, tert-butyl hydroperoxide, cumene hydroperoxide,
t-butyl peroxyacetate, t-butyl peroxybenzoate, t-butyl per-
oxyoctoate, t-butyl peroxyneodecanoate, t-butyl peroxy-
isobutyrate, lauroyl peroxide, t-amyl peroxypivalate, t-butyl
peroxypivalate, dicumyl peroxide, benzoyl peroxide, sodium
persulfate, potassium persulfate, ammonium persulfate or
potassium bromate.

[0164] The reducing agent present in the redox system is
also preferably a water-soluble agent. This reducing agent
may typically be chosen from sodium formaldehyde sulfoxy-
late (especially in its dihydrate form, known under the name
Rongalit, or in the form of an anhydride), ascorbic acid,
erythorbic acid, sulfites, bisulfites or metasulfites (in particu-
lar alkali metal sulfites, bisulfites or metasulfites), nitrilot-
rispropionamides, and tertiary amines and ethanolamines
(which are preferably water-soluble).

[0165] Possible redox systems comprise combinations
such as:
[0166] mixtures of water-soluble persulfates with water-

soluble tertiary amines,

[0167] mixtures of water-soluble bromates (for example
alkali metal bromates) with water-soluble sulfites (for
example alkali metal sulfites),

[0168] mixtures of hydrogen peroxide, alkyl peroxide,
peresters, percarbonates and the like and any iron salts,
titanous salts, zinc formaldehyde sulfoxylate or sodium
formaldehyde sulfoxylate, and reducing sugars,

[0169] alkali metal orammonium persulfates, perborates
or perchlorate in combination with an alkali metal
bisulfite, such as sodium metabisulfite, and reducing
sugars, and

[0170] alkali metal persulfates in combination with an
arylphosphinic acid, such as benzenephosphonic acid
and the like, and reducing sugars.
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[0171] An advantageous redox system comprises (and
preferably consists of) a combination of ammonium persul-
fate and sodium formaldehyde sulfoxylate.

[0172] Ingeneral, and in particular in the case of the use of
a redox system of the ammonium persulfate/sodium formal-
dehyde sulfoxylate type, it proves to be preferable for the
reaction medium of step (E) to be free of copper. In the case
of copper being present, it is generally desirable to add a
copper-complexing agent such as EDTA, in an amount
capable of masking its presence.

[0173] Irrespective of the nature of the initiator used, the
radical polymerization of step (E°) may be performed in any
suitable physical form, for example dissolved in water or in a
solvent, for example an alcohol or THF, or as an emulsion in
water (“latex” process), in bulk, where appropriate by con-
trolling the temperature and/or the pH so as to make species
liquids and/or soluble or insoluble.

[0174] After performing step (E), given the specific use of
a control agent, polymers functionalized with transfer groups
(living polymers) are obtained. This living nature makes it
possible, if so desired, to use these polymers in a subsequent
polymerization reaction, via a technique that is well known
per se. Alternatively, if need be, it is possible to deactivate or
destroy the transfer groups, for example by hydrolysis, ozo-
nolysis, or reaction with amines, via means that are known per
se. Thus, according to a particular embodiment, the process of
the invention may comprise, after step (E), a step (E1) of
hydrolysis, ozonolysis or reaction with amines, which is
capable of deactivating and/or destroying all or some of the
transfer groups present on the polymer prepared in step (E).

Surfactants

[0175] To prepare the micellar solution of the hydrophobic
monomers used in step (E), any suitable surfactant may be
used: in a nonlimiting manner, use may be made, for example,
of surfactants chosen from the following list:

[0176] the ANIONIC SURFACTANTS may be chosen
from:
[0177] alkyl ester sulfonates, for example of formula

R—CH(SO;M)-CH,COOR', or alkyl ester sulfates,
for example of formula R—CH(OSO,M)-
CH,COOR!, in which R represents a C¢-C,, and pref-
erably C,,-C,, alkyl radical, R' represents a C,-C
and preferably C,-C; alkyl radical and M represents
an alkali metal cation, for example sodium, or the
ammonium cation. Mention may be made most par-
ticularly of methyl ester sulfonates in which the radi-
calRis C,-C ¢

[0178] alkylbenzenesulfonates, more particularly of
Cy-C,, primary or secondary alkylsulfonates, espe-
cially of C4-C,,, alkylglycerol sulfonates;

[0179] alkyl sulfates, for example of formula
ROSO;M, in which R represents a C,,-C,, and pref-
erably C,,-C,, alkyl or hydroxyalkyl radical; M rep-
resents a cation of the same definition as above;

[0180] alkyl ether sulfates, for example of formula
RO(0A),,SO;M in which R represents a C, ,-C,, and
preferably C, ,-C,, alkyl or hydroxyalkyl radical; OA
representing an ethoxylated and/or propoxylated
group; M representing a cation of the same definition
as above, n generally ranging from 1 to 4, for instance
lauryl ether sulfate with n=2;

[0181] alkylamide sulfates, for example of formula
RCONHR'OSO;M in which R represents a C,-C,,
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and preferably C4-C,, alkyl radical, R' represents a
C,-C; alkyl radical, M representing a cation of the
same definition as above, and also the polyalkoxy-
lated (ethoxylated and/or propoxylated) derivatives
thereof (alkylamido ether sulfates;

[0182] salts of saturated or unsaturated fatty acids, for
instance of C4-C,, and preferably C, ,-C,,, and of an
alkaline-earth metal cation, N-acyl N-alkyltaurates,
alkylisethionates, alkylsuccinamates and alkylsulfos-
uccinates, alkyl glutamates, sulfosuccinate
monoesters or diesters, N-acyl sarcosinates and poly-
ethoxycarboxylates;

[0183] monoester and diester phosphates, for example
having the following formula: (RO),—P(—0)(OM),
in which R represents an optionally polyalkoxylated
alkyl, alkylaryl, arylalkyl or aryl radical, x and x'
being equal to 1 or 2, on condition that the sum of x
and X' is equal to 3, M representing an alkaline-earth
metal cation;

[0184] the NONIONIC SURFACTANTS may be chosen
from:
[0185] alkoxylated fatty alcohols, for example lau-

reth-2, laureth-4, laureth-7, oleth-20, alkoxylated
triglycerides, alkoxylated fatty acids, alkoxylated sor-
bitan esters, alkoxylated fatty amines, alkoxylated bis
(1-phenylethyl)phenols, alkoxylated tris(1-phenyl-
ethyl)phenols, alkoxylated alkylphenols, products
resulting from the condensation of ethylene oxide
with a hydrophobic compound resulting from the con-
densation of propylene oxide with propylene glycol,
such as the Pluronic products sold by BASF; products
resulting from the condensation of ethylene oxide
with the compound resulting from the condensation
of propylene oxide with ethylenediamine, such as the
Tetronic products sold by BASF; alkylpolyglyco-
sides, such as those described in U.S. Pat. No. 4,565,
647 or alkylglucosides; fatty acid amides, for example
of C4-C,, especially fatty acid monoalkanolamides,
for example cocamide MEA or cocamide MIPA;
[0186] the AMPHOTERIC SURFACTANTS (true

amphoteric species comprising an ionic group and a

potentially ionic group of opposite charge, or zwitteri-

onic species simultaneously comprising two opposite
charges) may be:

[0187] betaines in general, especially carboxybe-
taines, for example laurylbetaine (Mirataine BB from
the company Rhodia) or octylbetaine or cocoylbe-
taine (Mirataine BB-FLLA from Rhodia); amidoalky-
Ibetaines, for instance cocamidopropylbetaine
(CAPB) (Mirataine BDJ from the company Rhodia or
Mirataine BET C-30 from Rhodia);

[0188] sulfobetaines or suitaines, for instance cocami-
dopropylhydroxysultaine (Mirataine CBS from the
company Rhodia);

[0189] alkylamphoacetates and alkylamphodiac-
etates, for instance comprising a cocoyl or lauryl
chain (Miranol C2M Conc. NP, C32, .32 especially,
from the company Rhodia);

[0190] alkylamphopropionates or alkylamphodipro-
pionates, (Miranol C2M SF);

[0191] alkylamphohydroxypropylsultaines (Miranol

CS), alkylamine oxides, for example lauramine oxide
(INCD),
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[0192] the CATIONIC SURFACTANTS may be option-
ally polyethoxylated primary, secondary or tertiary fatty
amine salts, quaternary ammonium salts such as tet-
raalkylammonium, alkylamidoalkylammonium, tri-
alkylbenzylammonium, trialkylhydroxyalkylammo-
nium or alkylpyridinium chlorides or bromides,
imidazoline derivatives, and amine oxides of cationic
nature. An example of a cationic surfactant is cetrimo-
nium chloride or bromide (INC1);

[0193] the surfactants used according to the present
invention may be block copolymers containing at least
one hydrophilic block and at least one hydrophobic
block different from the hydrophilic block, advanta-
geously obtained according to a polymerization process
in which:

[0194] (a,) at least one hydrophilic monomer (or,
respectively, a hydrophobic monomer), at least one
source of free radicals and at least one radical poly-
merization control agent of the type —S(C—S)—are
placed in contact in an aqueous phase;

[0195] (a,) the polymer obtained after step (a,) is
placed in contact with at least one hydrophobic mono-
mer (or, respectively, a hydrophilic monomer) differ-
ent from the monomer used in step (a,) and at least
one source of free radicals;

[0196] via which a diblock copolymer is obtained.

[0197] Polymers of the triblock type, or comprising
more blocks, may optionally be obtained by performing
after step (a, ), a step (a,) in which the polymer obtained
after step (a,) is placed in contact with at least one
monomer different from the monomer used in step (a,)
and at least one source of free radicals; and more gener-
ally by performing (n+1) steps of the type such as the
abovementioned steps (a,) and (a,) and n is an integer
typically ranging from 1 to 3, in which, in each step (a,,),
with n=1: the polymer obtained after step (a,,_,) is placed
in contact with at least one monomer different from the
monomer used in step (a,,_;) and at least one source of
free radicals. Use may be made, for example, according
to the invention, of copolymers of the type described in
WO 03/068 827, WO 03/068 848 and WO 2005/021
612.

Use of the Polymers of the Invention

[0198] The polymers obtained after step (E) and after the
optional step (E1) described in the preceding paragraph are,
inter alia, useful for regulating the rheology of liquid media,
especially aqueous media. They may also be used as associa-
tive thickeners, as viscosity enhancers, gelling agents or sur-
face modifiers, or for making nanohybrid materials. They
may also be used as vectorizing agents.

[0199] Inthis context, a polymer according to the invention
may especially be used for thickening or adapting the rheol-
ogy of a very large number of compositions, for example of
compositions for conveying cosmetic, pharmaceutical, vet-
erinary or plant-protection principles, or alternatively as
detergents, for example. Thus, a polymer according to the
invention may be used, for example, for modifying the rhe-
ology of a cosmetic composition, of a household product, of
a detergent composition or of the formulation intended for the
agricultural field.

[0200] More specifically, the polymers as obtained accord-
ing to the invention prove to be advantageous as rheology
regulators in the field of extracting oil and natural gas. They
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may be used in particular for making drilling fluids, for frac-
turing, for stimulation and for enhanced oil recovery.

[0201] In the field of enhanced oil recovery (EOR), the
polymers as obtained according to the process of the inven-
tion generally have rapid hydration capacity and also good
injectivity and shear stability properties, especially given the
controlled nature of the polymerization, which leads to poly-
mer batches of homogeneous composition and, structure,
with polydispersity indices that are lower than those of
“uncontrolled” systems.

[0202] Moreover, the nature of the polymers that may be
synthesized according to the present invention is extremely
modulable, which permits a very wide choice both on the
backbone and on the presence of substituents, which may be
judiciously chosen as a function of the envisioned uses of the
polymer.

[0203] For example, for application in EOR, it is advanta-
geous for the constituent monomers of the polymer to give it
resistance to high temperature. To this end, the polymers
intended for use in EOR may be, for example, of the type
obtained from monomers chosen from acrylamido, meth-
acrylamido, vinyl or allylic monomers. It is generally not
advantageous to use acrylates or methacrylates on account of
their sensitivity toward hydrolysis. By way of example, to
improve the thermal stability of the backbone, use may be
made of monomers such as N-methylolacrylamide, dimethy-
lacrylamide, N-morpholine acrylamide, vinylpyrrolidone,
vinylamide, acrylamido derivatives such as AMPS or
APTAC, sodium sytrenesulfonate and derivatives thereof, or
sodium vinylsulfonate.

[0204] According to a specific embodiment, which is well
suited to uses in the field of EOR, the polymers bear func-
tionalities which ensure resistance to salts and which coun-
teract the effects of loss of viscosity that are often encoun-
tered in EOR in the absence of such functionalities on the
polymer. Polymers according to the invention that are stable
with respect to salts may especially be synthesized by per-
forming one or more of the following methods:

[0205] use of additional monomers of sodium 3-acryla-
mido-3-methylbutanoate type (for example according to
the technique described in U.S. Pat. No. 4,584,358);

[0206] wuse of additional monomers of sulfonic acid or
sulfonate type, for instance AMPS (acrylamidomethyl-
propanesulfonic acid), and salts thereof (especially
sodium salts), or styrenesulfonate and salts thereof;

[0207] the polymers prepared may be of polyampholytic
type with a hydrophilic backbone comprising a mixture
(1) of monomer units bearing at least one negative charge
(for example sulfonates of the abovementioned type);
and (ii) of monomer units bearing at least one positive
charge (for example APTAC, MAPTAC, Diquat, (meth-
acryloamidopropylpentamethyl-1,3-propylene-2-olam-
monium dichloride), DADMAC (diallyldimethylam-
monium chloride), N-vinylformamide (amine precursor
that is cationizable after hydrolysis), or vinylpyridine or
a quaternized derivative thereof);

[0208] use of additional monomers of sulfobetaine type,
for instance sulfopropyl dimethylammonium propyl
acrylamide, sulfopropyl dimethylammonium propyl
methacrylamide (SPP), sulfohydroxypropyldimethy-
lammoniumpropylmethacrylamido (SHPP), 2-vinyl(3-
sulfopropyl)pyridinium betaine, 4-vinyl(3-sulfopropyl)
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pyridinium betaine, 1-vinyl-3-(3-sulfopropyl)
imidazolium betaine, or sulfopropylmethyldiallylam-
moniumbetaine.
[0209] Various aspects and advantages of the invention will
be further illustrated by the examples below, in which the
polymers were prepared according to the process of the
invention.

EXAMPLES

[0210] In the examples that follow, the synthesis of the
polymers was performed using:

[0211] a solution A comprising a living poly(acryla-
mide) prepolymer P1, prepared under the conditions of
step (E°);

[0212] asolution B which is a micellar solution of lauryl
methacrylate (LMA) and of sodium dodecyl sulfate
(SDS);

[0213] asolution C which is a micellar solution of lauryl
acrylate (LA) and of sodium dodecyl sulfate (SDS);

[0214] a solution D which is a micellar solution of lau-
rylmethacrylamide (LMAM) and of sodium dodecyl
sulfate (SOS); or

[0215] a solution E which is a micellar solution of
LMAM and of sodium dodecyl sulfate (SDS),

prepared under the following conditions:

[0216] Solution a Containing the Prepolymer P1:

[0217] 40 gofanaqueous 50% acrylamide solution (free of
copper), 29.9 g of distilled water, 8.25 g of O-ethyl-S-(1-
methoxycarbonylethyl)xanthate (CH,CH(CO,CH;))S
(C=S)OEt, 26.6 g of ethanol and 0.537 mg of initiator V-50
(2,2'-azobis(2-methylpropionamidine) dihydrochloride)
were placed in a 250 mlL round-bottomed flask, at room
temperature (20° C.).

[0218] The mixture was degassed by sparging with nitro-
gen for 30 minutes. The flask was then placed in an oil bath
thermostatically maintained at 60° C. and the polymerization
reaction was then left to proceed with stirring for 3 hours at
60° C.

[0219] 100% conversion was obtained (determined by 'H
NMR). The number-average molar mass of the prepolymer
P1, determined by "H NMR, is 750 g/mol.

[0220] The solvent was evaporated off under vacuum (ro-
tavapor; 15 mbar, 50° C.) and dried for 120 minutes at 50° C.
(solids content measured after this drying: 37%: 115° C., 60
min).

[0221] Distilled water was then added so as to obtain an
approximately 40% solution of the prepolymer, referred to
hereinbelow as SOLUTION A.

[0222] Solution B: Micellar Solution of LMA/SDS

[0223] 146.2 gofa30% SDS solution (nSDS=0.152 mol),
168.9 gof distilled water, 3.9 g of LMA (nLMA=0.0153 mol)
and 5.4 g of sodium sulfate were placed in a 500 mL round-
bottomed flask at room temperature (20° C.).

[0224] The mixture was stirred using a magnetic bar for 6
hours, until a clear micellar solution was obtained.

[0225] In this micellar solution, nH=(0.0153x62)/0.
145=6.5

[0226] (nSDS-CMC=0.152-0.07=0.145; NAgg=62).
[0227] Solution C: Micellar Solution of LA/SOS

[0228] 146.2 gofa30% SDS solution (nSDS=0.152 mol),

169.0 g of distilled, water, 3.55 g of LA (nLLA=0.0153 mol)
and 5.4 g of sodium sulfate were placed in a 500 mL round-
bottomed flask at room temperature (20° C.).
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[0229] The mixture was stirred using a magnetic bar for 6
hours, until a clear micellar solution was obtained.

[0230] In this micellar solution, nH=(0.0153x62)/0.
145=6.5

[0231] (nSDS-CMC=0.152-0.007=0.145; NAgg=62).
[0232] Solution D: Micellar Solution of LMAM/SDS
[0233] 146.2 g ofa 30% SDS solution (nSDS=0.152 mol),

169.19 of distilled water, 3.9 g of LMAM (nLMAM=0.0153
mol) and 5.4 g of sodium sulfate were placed in a 500 mL
round-bottomed flask at room temperature (20° C.).

[0234] The mixture was heated to 60° C. and stirred using a
magnetic bar for 2 hours, until a clear micellar solution was
obtained.

[0235] In this micellar solution, nH=(0.0153x62)/0.
145=6.5

[0236] (nSDS-CMC=0.152-0.007=0.145; NAgg=62).
[0237] Solution E: Micellar Solution of LMAM/SDS
[0238] 146.2 g of a 30% SDS solution (nSDS=0.152 mol),

169.1 g of distilled water, 2.5 g of LMAM (nLMAM=0.0098
mol) and 5.4 g of sodium sulfate were placed in a 500 mL
round-bottomed flask at room temperature (20° C.).

[0239] The mixture was heated to 60° C. and stirred using a
magnetic bar for 2 hours, until a clear micellar solution was
obtained.

[0240] In this micellar solution, nH=(0.0098x62)/0.
145=4.2

[0241] (nSDS-CMC=0.152-0.007=0.145; NAgg=62).
[0242] In the examples below, the number-average molar

mass of the synthesized polymers was compared, as a guide,
with the theoretical number-average molar mass (Mnth),
which would be obtained in the context of a perfectly con-
trolled polymerization, which makes it possible to confirm
the particularly well-controlled nature of the polymerization
performed according to the invention, via radical means, as
opposed to the results usually obtained when the conditions
of a gel polymerization are used.

[0243] The theoretical number-average molar mass to
which reference is made here is calculated according to the
following formula:

— [M]o
Mn(theo) = —— X Myy % Conv.+ M,

[X1o

where:
[0244] Mn,,,,,=theoretical number-average mass
[0245] [M],=initial monomer concentration
[0246] [X],=initial concentration of control agent
[0247] M,,,~molar mass of the monomer
[0248] Conv.=conversion of the monomer (reaction
yield)
[0249] M =molar mass of the control agent
COMPARATIVE EXAMPLE
Uncontrolled Micellar Polymerization
[0250] Poly(acrylamide/LMA) 97.5/2.5—nH 6.3
[0251] 25 g of solution B, 6.54 g of an aqueous solution of

acrylamide at 50% by mass and 3.14 g of ammonium persul-
fate (aqueous solution at 0.5% by mass) were placed in a 250
ml round-bottomed flask, at room temperature (20° C.). The
mixture was degassed by sparging with nitrogen for 30 min-
utes. 3.138 g of sodium formaldehyde sulfoxylate in the form
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of an aqueous solution at 0.5% by mass were added to the
medium, in a single portion. This aqueous solution of sodium
formaldehyde sulfoxylate was degassed beforehand by
sparging with nitrogen.
[0252] The polymerization reaction was then left to pro-
ceed with stirring for 24 hours at room temperature (20° C.).
[0253] After the 24 hours of reaction, 98% conversion was
obtained (determined by 'H NMR). An analysis by steric
exclusion chromatography in water supplemented with 100
mM NaCl, 25 mM NaH,PO,, 25 mM Na,HPO, pH 7 buffer
solution with a Malls 3 angle detector gives the following
mass-average molar mass value (M;):

[0254] M=>1 500 000 g/mol
[0255] The sample was very difficult to filter even at a
concentration of 10 mg in 10 mL. The value is a mean of two
injections and is therefore only one order of magnitude ofthe
eluted fraction.

Example 1

Poly(Acrylamide/LMA) 97.5/2.5 mol % nH 6.3
Mnth 148 000 g/mol

[0256] 50 g of solution B, 13.08 g of acrylamide (aqueous
solution at 50% by mass), 0.088 g of Solution A and 3.14 g of
ammonium persulfate (aqueous solution at 0.5% by mass)
were placed in a 250 mlL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 30 minutes. 3.138 g of sodium formalde-
hyde sulfoxylate in the form of an aqueous solution at 0.5%
by mass were added to the medium, in a single portion. This
aqueous solution of sodium formaldehyde sulfoxylate was
degassed beforchand by sparging with nitrogen.

[0257] The polymerization reaction was then left to pro-
ceed with stirring for 24 hours at room temperature (20° C.).
[0258] After the 24 hours of reaction, 98% conversion was
obtained (determined by "H NMR).

[0259] The gel thus obtained was subjected to a basic
hydrolysis. 2 g of gel and 8 g of distilled water were placed in
a 100 ml round-bottomed flask at room temperature. The
solution was adjusted to pH 10 by adding an NaOH solution
at 50% by mass. The flask was then heated at 65° C. for 5 days.
The polymer solution thus obtained was analysed by steric
exclusion chromatography.

[0260] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 3 angle
detector gives the following mass-average molar mass value
(My): 230 000 g/mol.

Example 2

Poly(Acrylamide/LMA) 97.5/2.5 mol % nH 6.3
Mnth 740 000 g/mol

[0261] 50 g of solution B, 13.08 g of acrylamide (aqueous
solution at 50% by mass), 0.018 g of Solution A and 3.14 g of
ammonium persulfate (aqueous solution at 0.5% by mass)
were placed in a 250 mlL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 30 minutes. 3.138 g of sodium formalde-
hyde sulfoxylate in the form of an aqueous solution at 0.5%
by mass were added to the medium, in a single portion. This
aqueous solution of sodium formaldehyde sulfoxylate was
degassed beforchand by sparging with nitrogen.
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[0262] The polymerization reaction was then left to pro-
ceed with stirring for 24 hours at room temperature (20° C.).
[0263] After the 24 hours of reaction, 98% conversion was
obtained (determined by "H NMR).

[0264] The gel thus obtained was subjected to a basic
hydrolysis. 2 g of gel and 8 g of distilled water were placed in
a 100 ml round-bottomed flask at room temperature. The
solution was adjusted to pH 10 by adding an NaOH solution
at 50% by mass. The flask was then heated at 65° C. for 5 days.
The polymer solution thus obtained was analysed by steric
exclusion chromatography.

[0265] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 3 angle
detector gives the following mass-average molar mass value
(Mp»): 602 000 g/mol.

Example 3

Poly(Acrylamide/LMA) 97.5/2.5 mol % nH 6.3
Mnth 15 000 g/mol

[0266] 50 g of solution B, 13.08 g of acrylamide (aqueous
solution at 50% by mass), 0.88 g of Solution A and 6.26 g of
ammonium persulfate (aqueous solution at 0.5% by mass)
were placed in a 250 mL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 30 minutes. 6.26 g of sodium formaldehyde
sulfoxylate in the form of an aqueous solution at 0.5% by
mass were added to the medium, in a single portion. This
aqueous solution of sodium formaldehyde sulfoxylate was
degassed beforchand by sparging with nitrogen.

[0267] The polymerization reaction was then left to pro-
ceed with stirring for 24 hours at room temperature (20° C.).
[0268] After the 24 hours of reaction, 98% conversion was
obtained (determined by "H NMR).

[0269] The gel thus obtained was subjected to a basic
hydrolysis. 2 g of gel and 8 g of distilled water were placed in
a 100 ml round-bottomed flask at room temperature. The
solution was adjusted to pH 10 by adding an NaOH solution
at 50% by mass. The flask was then heated at 65° C. for 5 days.
The polymer solution thus obtained was analysed by steric
exclusion chromatography.

[0270] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 3 angle
detector gives the following mass-average molar mass value
(My): 29 800 g/mol.

Example 4

Poly(Acrylamide/LMA) 97.5/2.5 mol % nH 6.3
Mnth 74 000 g/mol

[0271] 50 g of solution B, 13.08 g of acrylamide (aqueous
solution at 50% by mass), 0.176 g of Solution A and 6.26 g of
ammonium persulfate (aqueous solution at 0.5% by mass)
were placed in a 250 mL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 30 minutes. 6.26 g of sodium formaldehyde
sulfoxylate in the form of an aqueous solution at 0.5% by
mass were added to the medium, in a single portion. This
aqueous solution of sodium formaldehyde sulfoxylate was
degassed beforchand by sparging with nitrogen.

[0272] The polymerization reaction was then left to pro-
ceed with stirring for 24 hours at room temperature (20° C.).
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[0273] After the 24 hours of reaction, 98% conversion was
obtained (determined by "H NMR).

[0274] The gel thus obtained was subjected to a basic
hydrolysis. 2 g of gel and 8 g of distilled water were placed in
a 100 ml round-bottomed flask at room temperature. The
solution was adjusted to pH 10 by adding an NaOH solution
at 50% by mass. The flask was then heated at 65° C. for 5 days.
The polymer solution thus obtained was analysed by steric
exclusion chromatography.

[0275] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 3 angle
detector gives the following mass-average molar mass value
(My): 65 000 g/mol.

Example 5

Poly(Acrylamide/LMA) 97.5/2.5 mol % nH 6.3
Mnth 370 000 g/mol

[0276] 50 g of solution B, 13.08 g of acrylamide (aqueous
solution at 50% by mass), 0.035 g of Solution A and 6.26 g of
ammonium persulfate (aqueous solution at 0.5% by mass)
were placed in a 250 mlL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 30 minutes. 6.26 g of sodium formaldehyde
sulfoxylate in the form of an aqueous solution at 0.5% by
mass were added to the medium, in a single portion. This
aqueous solution of sodium formaldehyde sulfoxylate was
degassed beforchand by sparging with nitrogen.

[0277] The polymerization reaction was then left to pro-
ceed with stirring for 24 hours at room temperature (20° C.).
[0278] After the 24 hours of reaction, 98% conversion was
obtained (determined by "H NMR).

[0279] The gel thus obtained was subjected to a basic
hydrolysis. 2 g of gel and 8 g of distilled water were placed in
a 100 ml round-bottomed flask at room temperature. The
solution was adjusted to pH 10 by adding an NaOH solution
at 50% by mass. The flask was then heated at 65° C. for 5 days.
The polymer solution thus obtained was analysed by steric
exclusion chromatography.

[0280] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 3 angle
detector gives the following mass-average molar mass value
(Mp»): 352 000 g/mol.

Example 6

Poly(Acrylamide/[LA) 97.5/2.5 mol % nH 6.3 Mnth
10 000 g/mol

[0281] 50 g of solution C, 13.17 g of acrylamide (aqueous
solution at 50% by mass), 0.137 gof Rhodixan Al and 6.32 g
of ammonium persulfate (aqueous solution at 0.5% by mass)
were placed in a 250 mlL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 30 minutes. 6.32 g of sodium formaldehyde
sulfoxylate in the form of an aqueous solution at 0.5% by
mass were added to the medium, in a single portion. The
mixture was degassed by sparging with nitrogen for 15 min-
utes.

[0282] The polymerization reaction was then left to pro-
ceed with stirring for 16 hours at room temperature (20° C.).
[0283] After the 16 hours of reaction, 92% conversion was
obtained (determined by "H NMR).
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[0284] The gel thus obtained was subjected to a basic
hydrolysis. 25.0 g of gel and 27.4 g of distilled water were
placed in a 100 ml round-bottomed flask at room temperature.
9.6 g of an NaOH solution at 25% by mass were then added.
The flask was then heated at 60° C. for 24 hours. The polymer
solution thus obtained was precipitated from 250 mL of
MeOH, redissolved in 10 mL. of water and reprecipitated
from 100 ml, of MeOH. The polymer thus obtained was
analysed by steric exclusion chromatography.

[0285] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 18 angle
detector gives the following mass-average molar mass value
(My): 81 400 g/mol.

Example 7

Poly(Acrylamide/ILA) 97.5/2.5 mol % nH 6.3 Mnth
250 000 g/mol

[0286] 25 g ofsolution C, 6.522 g of acrylamide (aqueous
solution at 50% by mass), 0.283 g of Rhodixan A1 (ethanolic
solution at 1.0% by mass) and 1.6 g of ammonium persulfate
(aqueous solution at 1.0% by mass) were placed in a 50 mL.
glass flask, at room temperature (20° C.). The mixture was
degassed by sparging with nitrogen for 20 minutes. 1.6 g of
sodium formaldehyde sulfoxylate in the form of an aqueous
solution at 1.0% by mass were added to the medium, in a
single portion. The mixture was degassed by sparging with
nitrogen for 15 minutes.

[0287] The polymerization reaction was then left to pro-
ceed with stirring for 16 hours at room temperature (20° C.).
[0288] After the 16 hours of reaction, 95% conversion was
obtained (determined by HPLC assay of the residual acryla-
mide).

[0289] The gel thus obtained was subjected to a basic
hydrolysis. 15.0 g of gel and 25.0 g of distilled water were
placed in a 100 ml round-bottomed flask at room temperature.
9.6 g of an NaOH solution at 25% by mass were then added.
The flask was then heated at 60° C. for 24 hours. The polymer
solution thus obtained was precipitated from 250 mL of
EtOH, redissolved in 10 mL of water and reprecipitated from
200 mL of EtOH. The polymer thus obtained was analysed by
steric exclusion chromatography.

[0290] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 18 angle
detector gives the following mass-average molar mass value
(My): 310 000 g/mol.

Example 8

Poly(Acrylamide/LMA) 97.5/2.5 mol % nH 6.3
Mnth 10 000 g/mol

[0291] 50 g of solution B, 13.07 g of acrylamide (aqueous
solution at 50% by mass), 0.135 g of Rhodixan Al and 6.28 g
of ammonium persulfate (aqueous solution at 0.5% by mass)
were placed in a 250 mL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 30 minutes. 6.28 g of sodium formaldehyde
sulfoxylate in the form of an aqueous solution at 0.5% by
mass were added to the medium, in a single portion. The
mixture was degassed by sparging with nitrogen for 15 min-
utes.
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[0292] The polymerization reaction was then left to pro-
ceed with stirring for 16 hours at room temperature (20° C.).
[0293] After the 16 hours of reaction, 46% conversion was
obtained (determined by "H NMR).

[0294] The gel thus obtained was subjected to a basic
hydrolysis. 25.0 g of gel and 27.4 g of distilled water were
placed in a 100 ml round-bottomed flask at room temperature.
9.6 g of an NaOH solution at 25% by mass were then added.
The flask was then heated at 60° C. for 24 hours. The polymer
solution thus obtained was precipitated from 250 mL of
MeOH, redissolved in 10 ml. of water and reprecipitated
from 100 mL. of MeOH. The polymer thus obtained was
analysed by steric exclusion chromatography.

[0295] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 3 angle
detector gives the following mass-average molar mass value
(My): 109 900 g/mol.

Example 9

Poly(Acrylamide/LMA) 97.5/2.5 mol % nH 6.3
Mnth 250 000 g/mol

[0296] 25 g of solution B, 6.530 g of acrylamide (aqueous
solution at 50% by mass), 0.277 g of Rhodixan A1 (ethanolic
solution at 1.0% by mass) and 1.6 g of ammonium persulfate
(aqueous solution at 1.0% by mass) were placed in a 50 mL.
glass flask, at room temperature (20° C.). The mixture was
degassed by sparging with nitrogen for 20 minutes. 1.6 g of
sodium formaldehyde sulfoxylate in the form of an aqueous
solution at 1.0% by mass were added to the medium, in a
single portion. The mixture was degassed by sparging with
nitrogen for 15 minutes.

[0297] The polymerization reaction was then left to pro-
ceed with stirring for 16 hours at room temperature (20° C.).
[0298] After the 16 hours of reaction, 93% conversion was
obtained (determined by HPLC assay of the residual acryla-
mide).

[0299] The gel thus obtained was subjected to a basic
hydrolysis. 15.0 g of gel and 25.0 g of distilled water were
placed in a 100 ml round-bottomed flask at room temperature.
9.6 g of an NaOH solution at 25% by mass were then added.
The flask was then heated at 60° C. for 24 hours. The polymer
solution thus obtained was precipitated from 250 mL of
EtOH, redissolved in 10 mL of water and reprecipitated from
200 mL of EtOH. The polymer thus obtained was analysed by
steric exclusion chromatography.

[0300] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO,, pH 7 buffer solution with a Malls 18 angle
detector gives the following mass-average molar mass value
(Mp»): 357 000 g/mol.

Example 10

Poly(Acrylamide/L MAM) 97.5/2.5 mol % nH 6.3
Mnth 10 000 g/mol

[0301] 50.0 gofsolution D, 13.0 g of acrylamide (aqueous
solution at 50% by mass) and 0.146 g of Rhodixan Al were
mixed in a 150 mL plastic bottle. 5 mL of this solution were
placed in a 5 mL glass flask. 0.3 mL of an ammonium per-
sulfate solution (aqueous solution at 5.0% by mass) and 0.3
ml of sodium formaldehyde sulfoxylate in the form of an
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aqueous solution at 0.25% by mass were added. The mixture
was degassed by sparging with nitrogen for 5 minutes.
[0302] The polymerization reaction was then left to pro-
ceed without stirring for 16 hours at room temperature (20°
C).

[0303] After the 16 hours of reaction, 97% conversion was
obtained (determined by HPLC assay of the residual acryla-
mide).

[0304] The polymer was precipitated from 15 mL of etha-
nol and then redissolved in 15 mL of water, to which was
added 1 g of NaOH, This solution was then left to react for 72
hours, and the polymer was then precipitated from 50 mL of
ethanol. The polymer thus obtained was analysed by steric
exclusion chromatography.

[0305] An analysis by steric exclusion chromatography in
water supplemented with 100 mM NaCl, 25 mM NaH,PO,,
25 mM Na,HPO, pH 7 buffer solution with a Malls 18 angle
detector gives the following mass-average molar mass value
(My): 25 600 g/mol.

Example 11

Poly(Acrylamide/LMAM) 97.5/2.5 mol % nH 6.3
Mnth 500 000 g/mol

[0306] 100 g of solution D, 26.0 g of acrylamide (aqueous
solution at 50% by mass), 0.541 g of Rhodixan A1 (ethanolic
solution at 1.0% by mass) and 6.24 g of ammonium persulfate
(aqueous solution at 1.0% by mass) were placed in a 250 mL.
round-bottomed, flask, at room temperature (20'C). The mix-
ture was degassed by sparging with nitrogen for 30 minutes.
6.26 g of sodium formaldehyde sulfoxylate in the form of an
aqueous solution at 1.0% by mass were added to the medium,
in a single portion. The mixture was degassed by sparging
with nitrogen for 15 minutes.

[0307] The polymerization reaction was then left to pro-
ceed with stirring for 16 hours at room temperature (20° C.).
[0308] After the 16 hours of reaction, 90.3% conversion
was obtained (determined by HPLC assay of the residual
acrylamide).

[0309] The gel thus obtained could not be hydrolyzed on
account of the resistance of the methacrylamide group to
hydrolysis.

Example 12

Poly(Acrylamide/ AMPS/LMAM) 79.6/19.9/0.5 mol
% nH 4.0 Mnth 500 000 g/mol

[0310] 30.3 g of solution E, 69.9 g of water, 20.8 g of
acrylamide (aqueous solution at 50% by mass), 16.3 g of
AMPS (aqueous solution at 50% by mass), 0.540 g of Rhod-
ixan Al (ethanolic solution at 1.0% by mass) and 6.00 g of
ammonium persulfate (aqueous solution at 5.0% by mass)
were placed in a 250 mL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 20 minutes. 1.5 g of sodium formaldehyde
sulfoxylate in the form of an aqueous solution at 1.0% by
mass were added to the medium, in a single portion. The
mixture was degassed by sparging with nitrogen for 15 min-
utes.

[0311] The polymerization reaction was then left to pro-
ceed with stirring for 16 hours at room temperature (20° C.).
[0312] After the 16 hours of reaction, 64.6% conversion
was obtained (determined by HPLC assay of the residual
acrylamide and AMPS).
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[0313] The gel thus obtained could not be hydrolyzed on
account of the resistance of the methacrylamide group to
hydrolysis.

Example 13

[0314] Poly(Acrylamide/ AMPS/LMAM)
mol % nH 4.0 Mnth 500 000 g/mol

[0315] 30.3 g of solution E, 69.7 g of water, 20.8 g of
acrylamide (aqueous solution at 50% by mass), 16.3 g of
AMPS (aqueous solution at 50% by mass), 1.111 g of mer-
captoethanol (aqueous solution at 0.5% by mass) and 6.00 g
of ammonium persulfate (aqueous solution at 5.0% by mass)
were placed in a 250 mlL round-bottomed flask, at room
temperature (20° C.). The mixture was degassed by sparging
with nitrogen for 20 minutes. 1.5 g of sodium formaldehyde
sulfoxylate in the form of an aqueous solution at 1.0% by
mass were added to the medium, in a single portion. The
mixture was degassed by sparging with nitrogen for 15 min-
utes.

[0316] The polymerization reaction was then left to pro-
ceed with stirring for 16 hours at room temperature (20° C.).
[0317] After the 16 hours of reaction, 80.7% conversion
was obtained (determined by HPLC assay of the residual
acrylamide and AMPS).

[0318] The gel thus obtained could not be hydrolyzed on
account of the resistance of the methacrylamide group to
hydrolysis.

79.6/19.9/0.5

Example 14

Polymer Solution Filterability

[0319] The polymers derived from Example 12 (synthesis
controlled with a reversible transfer agent) and Example 13
(irreversible transfer agent) were dissolved at 0.2% active
polymer in an aqueous potassium chloride solution at 1% by
mass (solution prepared from 10 g of KCIl made up to 1 kg
with deionized water). The solutions were stirred magneti-
cally for 24 hours and then conditioned for 6 hours at 60° C.
to ensure the maximum possible dissolution or dispersion.
[0320] A filterability test was performed, which consists in
passing the solution to be used for flushing the porous
medium through a ceramic filter of known porosity. The
ceramic disks used here have a thickness of 6.2 mm and a
permeability of 775 mD (measured by mercury permeability/
injectivity), i.e. pore sizes of 10 um on average (these disks
are available from OFITE under the reference 170-55).
[0321] Ina stainless-steel filter cell (available from OFITE
under the reference 170-46: HTHP double end assembly for
ceramic disks) able to contain 175 mL of solution, are placed
100 mL of 0.2% polymer solution. The temperature is stabi-
lized at 60° C. for 15 minutes before starting the filtration test.
[0322] A nitrogen pressure of 0.35 bar is applied and the
mass collected at the filter outlet is recorded as a function of
time.

[0323] The change in collected masses as a function of time
for the solutions containing 0.2% of polymers of Examples 12
and 13 during filtration at 60° C. (referred to as the filtered
masses) is given in the appended FIGS. 1 and 2.

[0324] During this test, it is very clearly seen that the poly-
mer of Example 12 is injectable into a porous medium. The
collected mass increases linearly. There is no accumulation or
clogging of the filter with the polymer and all the solution can
be filtered in less than 2 minutes. In contrast, the polymer of
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Example 13 shows a typical profile of clogging of the filter
and of accumulation of a filter cake on the filter with a rate of
passage of fluid which decreases as a function of time. More-
over, it is not possible to filter all of the solution within a
reasonable time and the test is stopped after one hour with less
than 10% of the solution filtered. Finally, during the disman-
tling of'the cell, a gel filter cake about 2 mm thick is observed
on the filter.
[0325] In the light of this example, the advantage of con-
trolling the polymerization with a reversible control agent is
clearly seen in the context of using polymer solutions for
flushing a porous medium.
1. A process for preparing a block copolymer, which com-
prises a step (E) of micellar radical polymerization in which
the following are placed in contact, in an aqueous medium
M):
hydrophilic monomers, dissolved or dispersed in said
aqueous medium (M);

hydrophobic monomers in the form of a micellar solution,
i.e. containing, in dispersed form in the medium (M),
micelles comprising these hydrophobic monomers;

at least one radical polymerization initiator, and

at least one radical polymerization control agent.

2. The process as claimed in claim 1, in which the radical
polymerization control agent is acompound which comprises
a thiocarbonylthio group —S(C—S)—.

3. The process as claimed in claim 1, in which the radical
polymerization control agent is an oligomer of water-soluble
or water-dispersible nature bearing a thiocarbonylthio group
—S(C=S)—.

is soluble or dispersible in the aqueous medium (M) used in

step (E); and/or

is not capable of penetrating into the micelles of the micel-

lar solution.

4. The process as claimed in claim 3, in which the radical
polymerization control agent is a prepolymer bearing a thio-
carbonylthio group —S(C=—S)—, obtained after a step (E°),
prior to said step (E), said step (E®) placing the following in
contact:
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said hydrophilic monomers;

said radical polymerization initiator; and

said control agent bearing a thiocarbonylthio group

—S(C=S)—.

5. The process as claimed in claim 1, in which the hydro-
philic monomers of said step (E) comprise (meth)acrylic acid
and/or acrylamido or methacrylamido monomers.

6. The process as claimed in claim 5, in which the mono-
mers of said step (E) are (meth)acrylamides.

7. The process as claimed in claim 1, in which the radical
polymerization initiator used in said step (E) is a redox ini-
tiator.

8. The process as claimed in claim 7, in which the redox
initiator comprises a combination of ammonium persulfate
and sodium formaldehyde sulfoxylate.

9. The process as claimed in claim 1, in which the reaction
medium of said step (E) is free of copper or comprises copper
in combination with a copper-complexing agent, in an
amount capable of masking its presence.

10. The process as claimed in claim 1, in which the process
of the invention comprises, after said step (E), a step (E1) of
hydrolysis, ozonolysis or reaction with amines, which is
capable of deactivating and/or destroying all or some of the
transfer groups present on the polymer prepared in said step
E).

11. A block polymer that may be obtained according to the
process of claim 1.

12. The use of a polymer as claimed in claim 11, for
regulating the rheology of a liquid medium, especially an
aqueous medium.

13. The use as claimed in claim 12, in which the polymer is
used as a rheology regulator for extracting oil or natural gas,
especially for making drilling fluids, for fracturing, for stimu-
lation or for enhanced oil recovery.

14. The use as claimed in claim 12, in which the polymer is
used for an enhanced oil recovery EOR.
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