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(54) Title: METHOD FOR RECOVERING PETROLEUM

(54) Bezeichnung : VERFAHREN ZUR ERDOLFORDERUNG

(57) Abstract: A method for recovering petroleum from underground petroleum reservoirs, wherein an aqueous formulation 
containing at least one water-soluble hydrophobically associating copolymer is injected via at least one injection bore into a 
petroleum reservoir at a reservoir temperature ranging from 20°C to 120°C, and crude petroleum is extracted from the reservoir via 
at least one production bore; the water-soluble copolymer contains at least acrylamide or derivatives thereof and a mixture 
containing at least two amphiphilic macromonomers.

(57) Zusammenfassung: Verfahren zur Forderung von Erdol aus unterirdischen Erdollagerstatten, bei dem man eine wassrige 
Formulierung umfassend mindestens ein wasserlosliches, hydrophob assoziierendes Copolymer durch mindestens eine 
Injektionsbohrung in eine Erdollagerstatte mit einer Lagerstattentemperatur von 20 °C bis 120 °C einpresst und der Lagerstatte 
durch mindestens eine Produktionsbohrung Rohol entnimmt, wobei das wasserlosliche Copolymer mindestens Acrylamid bzw. 
Derivate davon sowie eine Mischung umfassend mindestens zwei amphiphile Makromonomere umfasst.
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Process for mineral oil production

The present invention relates to a process for producing mineral oil from underground mineral
oil deposits, in which an aqueous formulation comprising at least one water-soluble,

5 hydrophobically associating copolymer is injected through at least one injection well into a 
mineral oil deposit having a deposit temperature of 20°C to 120°C and crude oil is withdrawn 
from the deposit through at least one production well, wherein the water-soluble copolymer 
comprises at least acrylamide and/or derivatives thereof and a mixture comprising at least two 
amphiphilic macromonomers.

10
In natural mineral oil deposits, mineral oil is present in the cavities of porous reservoir rocks 
sealed toward the surface of the earth by impervious overlying strata. The cavities may be very 
fine cavities, capillaries, pores or the like. Fine pore necks may have, for example, a diameter of 
only about 1 pm. As well as mineral oil, including fractions of natural gas, a deposit generally

15 also comprises water of greater or lesser salt content.

If a mineral oil deposit has a sufficient autogenous pressure, after drilling of the deposit has 
commenced, mineral oil flows through the well to the surface of its own accord because of the 
autogenous pressure (primary mineral oil production). Even if a sufficient autogenous pressure

20 is present at first, however, the autogenous pressure of the deposit generally declines relatively 
rapidly in the course of withdrawal of mineral oil, and so usually only small amounts of the 
amount of mineral oil present in deposit can be produced in this manner, according to the 
deposit type.

25 Therefore, when primary production declines, a known method is to drill further wells into the 
mineral oil-bearing formation in addition to the wells which serve for production of the mineral 
oil, called the production wells. Through these so-called injection wells, water is injected into the 
deposit in order to maintain the pressure or increase it again. The injection of the water forces 
the mineral oil through the cavities in the formation, proceeding gradually from the injection well

30 in the direction of the production well. This technique is known as water flooding and is one of 
the techniques of what is called secondary oil production. In water flooding, however, there is 
always the risk that the mobile water will not flow homogeneously through the formation and in 
doing so mobilize oil, but will flow from the injection well to the production well, particularly along 
paths with a low flow resistance, without mobilizing oil, while there is only little flow, if any,

35 through regions in the formation with high flow resistance. This is discerned from the fact that 
the proportion of the water which is produced via the production well increases ever further. By 
means of primary and secondary production, generally not more than about 30 to 35% of the 
amount of mineral oil present in the deposit can be produced.

40 A known method is to use techniques for tertiary mineral oil production (also known as
“Enhanced OH Recovery (EOR)1) to enhance the oil yield, if economically viable production is 
impossible or no longer possible by means of primary or secondary mineral oil production. 
Tertiary mineral oil production includes processes in which suitable chemicals, such as 
surfactants and/or polymers, are used as auxiliaries for oil production. A review of tertiary oil
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production using chemicals can be found, for example, in the article by D. G. Kessel, Journal of 
Petroleum Science and Engineering, 2 (1989) 81 ~ 101.

The techniques of tertiary mineral oil production include what is called “polymer flooding”.
5 Polymer flooding involves injecting an aqueous solution of a thickening polymer into the mineral

oil deposit through the injection wells, the viscosity of the aqueous polymer solution being 
matched to the viscosity of the mineral oil. Through the injection of the polymer solution, the 
mineral oil, as in the case of waterflooding, is forced through said cavities in the formation from 
the injection well proceeding in the direction of the production well, and the mineral oil is

10 produced through the production well. By virtue of the polymer formulation having about the 
same viscosity as the mineral oil, the risk that the polymer formation will break through to the 
production well with no effect is reduced. Thus, the mineral oil is mobilized much more 
homogeneously than when water, which is mobile, is used, and additional mineral oil can be 
mobilized in the formation. Details of polymer flooding and of polymers suitable for this purpose

15 are disclosed, for example, in “Petroleum, Enhanced OH Recovery, Kirk-Othmer, Encyclopedia 
of Chemical Technology, Online Edition, John Wiley & Sons, 2010”.

A known method is to use hydrophobically associating copolymers for polymer flooding. 
“Hydrophobically associating copolymers” are understood by the person skilled in the art to

20 mean water-soluble polymers having lateral or terminal hydrophobic groups, for example
relatively long alkyl chains. In aqueous solution, hydrophobic groups of this kind can associate 
with one another or with other substances having hydrophobic groups. This forms an 
associative network which causes an (additional) thickening effect. Details of the use of 
hydrophobically associating copolymers for tertiary mineral oil production are described, for

25 example, in the review article by Taylor, K.C. and Nasr-EI-Din, H.A. in J. Petr. Sci. Eng. 1998, 
19, 265-280.

WO 85/03510 A1 discloses water-soluble, hydrophobically associating copolymers having a 
weight-average molecular weight Mw of 800 000 g/mol to 3 million g/mol and the use thereof for

30 tertiary mineral oil production. The copolymers comprise 40 to 99.9 mol% of acrylamide, 0 to 
50 mol% of acrylic acid and 0.1 to 10 mol% of the macromonomer H2C=:CH-COO-(EO)s4o-R 
where EO represents ethyleneoxy groups and R is an alkyl radical having 8 to 16 carbon atoms.

WO 2006/002936 A1 discloses water-soluble copolymers consisting of (meth)acrylamide,
35 (meth)acrylamide modified with sulfo groups, for example ATBS, and allyl ethers or acrylates 

comprising polyalkoxy groups. The polyalkoxy groups may comprise a terminal hydrocarbyl 
group having 10 to 40 carbon atoms. The document further discloses the use of such 
copolymers as an additive for aqueous building materials systems, for example cement, lime or 
gypsum.

40
WO 2010/133527 A2 discloses hydrophobically associating copolymers and the use thereof for 
tertiary mineral oil production. The copolymers comprise 25 to 99.9% by weight of
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monoethylenically unsaturated, hydrophilic monomers, for example acrylamide or acrylic acid, 
and 0.1 to 20% by weight of at least one macromonomer of the general formula hkC^CH-R-Q- 
(EO)io.i5o(AO)5-i5R‘ where EG represents ethyleneoxy groups, AO represents alkyleneoxy 
groups having at least 4 carbon atoms, R is a linking group and R‘ is H or a hydrocarbyl radical

6 having 1 to 30 carbon atoms. WO 2011/015520 A1 discloses a process for preparing
hydrophobically associating copolymers of this kind by polymerization in aqueous solution in the 
presence of surfactants.

WO 2012/089477 A1 discloses a process for tertiary mineral oil production from mineral oil
10 formations having a deposit temperature of 35 to 120cC, preferably 40°C to 90°C, in which a 

hydrophobically associating copolymer comprising 0.1 to 15% by weight of the above-described 
macromonomer H2C=CH-R-O-(EO)icm5q{AO)5-i5R' and 85 to 99.9% by weight of acrylamide or 
acrylamide derivatives and monoethylenically unsaturated monomers having COOH, SG3H or 
PG3H2 groups is used. EO, AO, R and R‘ are each as defined above. The weight-average

15 molecular weight Mw of the copolymer is 1 million to 3 million g/mol. Particular preference is 
given to a copolymer comprising acrylamide, 2-acrylamido-2-methylpropanesuifonic acid 
(ATBS) and said macromonomer.

WO 2012/089478 A1 discloses a process for tertiary mineral oil production, in which the
20 copolymer described by WO 2012/089477 A1 is used. The formulation used has a viscosity of 

at least 5 mPas and is injected into the formation at a shear rate of at least 30 000 s1.

Our prior European application WO 2014/095608 A1 discloses a process for preparing 
macromonomers H2C=CH-R-0-(EO)io-i5o(AO)5-25(EO)o-isR‘ where EO represents ethyleneoxy

25 groups, AO represents alkyleneoxy groups having at least 4 carbon atoms, R is a linking group 
and R‘ is H or a hydrocarbyl radical having 1 to 4 carbon atoms. In the process, an alcohol 
HaCfoCH-R-OH is ethoxylated and alkoxyiafed using a basic catalyst comprising KOMe and/or 
NaOMe, the alkoxylation with alkylene oxides being conducted at a temperature of less than or 
equal to 135°C and the amount of K+ ions being not more than 0.9 moi% based on the alcohol.

30 This affords macromonomers having particularly low proportions of crosslinking by-products.
The application further discloses a macromonomer obtainable by means of the process, 
copolymers comprising the macromonomer, and the use thereof for oilfield applications.

Our prior European application WO 2014/095621 A1 discloses hydrophobically associating
35 copolymers comprising 25 io 99.9% by weight of at least one hydrophilic monomer, for example 

acrylamide and/or acrylic acid, and 0.1 to 20% by weight of at least one macromonomer 
H2C=CH-R-0-(EO)23-26(CH2CH(R“))e.5-i7.2s(EO)o-isR‘ where EO represents ethyleneoxy groups,
R is a linking group, R‘ is H or a hydrocarbyl radical having 1 to 4 carbon atoms, and R“ is a 
hydrocarbyl radical having at least 2 carbon atoms, with the proviso that the sum total of the

40 carbon atoms in all the R“ radicals is 25.5 to 34.5. This macromonomer is obtainable by means 
of the process described in 12197538.7, and the polymerization is conducted in the presence of 
a non-polymerizable, surface-active component. 12197504.9 further discloses the use of
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copolymers of this kind for tertiary mineral oil production, but does not disclose any details of 
EOR processes. Because of the use of macromonomers having particularly low proportions of 
crosslinking by-products, copolymers having very low gel contents are obtained,

5 Polymer flooding is an industrial scale process. The polymers used are used only as dilute 
solutions, but the volumes injected per day are high and the injection is typically continued over 
months up to several years. The polymer requirement for an average oilfield may quite possibly 
be 5000 to 10 0001 of polymer per year. For an economically viable process, maximum 
viscosity efficiency, i.e. viscosity per mole, is of great significance. Even a small improvement in

10 the viscosity efficiency can lead to a significant improvement in economic viability.

Aqueous solutions of the associative copolymers according to WO 2012/069477 A1 having the 

macromonomers H2C~CH~R~0-(EO)w-iso(AO)5-i5R‘ have a characteristic viscosity profile as a 
function of temperature. Figures 1 a and 1 b of the present application each show the

15 dependence of the viscosity of aqueous solutions of various copolymers on the temperature, 
specifically the viscosity of two commercial, non-associative copolymers, namely a copolymer of 
about 50% by weight of acrylamide and about 50% by weight of sodium-ATBS (copolymer V3) 
(ATBS = sodium salt of 2-acrylamido-2~methylpropanesultonic acid), a copolymer of 75 mol% of 
acrylamide and 25 moi% of sodium acrylate (copolymer V4), and additionally an associative

20 copolymer of about 50% by weight of acrylamide, about 48% by weight of sodium-ATBS and 
2% by weight of said macromonomer (copolymer V1). in the case of the two commercial, non­
associative copolymers, the viscosity decreases with increasing temperature. In the case of the 
associative copolymer, the viscosity of aqueous solutions increases significantly at first, passes 
through a maximum at about 80eC and then decreases again. Aqueous solutions of the

25 associative copolymers according io WO 2012/069477 A1 thus have a high viscosity efficiency 
in the region of 60cC, and therefore allow particularly economically viable performance of 
polymer flooding in deposits with deposit temperatures around 60°C.

However, there are deposits with even higher deposit temperatures. In the case of polymer
30 flooding in such deposits using the copolymers described, viscosity efficiency deteriorates. It 

would therefore be desirable to have available thickening copolymers which can be used with a 
high viscosity efficiency even at higher deposit temperatures.

There is a very particular need to improve acrylamide-sodium acrylate copolymers. Copolymers
35 comprising sulfo groups, for example copolymers comprising ATBS, have much higher

viscosities when used in a saline environment, very particularly when used in a high-salinity 
environment, than copolymers comprising acrylic acid. From a purely technical point of view, 
therefore, copolymers comprising ATBS are preferable to those comprising acrylic acid. 
Disadvantageous^, however, the ATBS monomer is much costlier than acrylic acid.

40 Acrylamide-sodium acrylate copolymers are accordingly still frequently employed in polymer
flooding for economic reasons, at least in deposits having not too high a salinity. It would
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18 therefore be desirable to have available thickening polymers of the acrylamide-sodium

acrylate type having a distinctly improved viscosity efficiency.

The invention may provide improved thickening polymers for use in polymer flooding.
5

Accordingly, a process has been found for producing mineral oil from underground 
mineral oil deposits, in which an aqueous formulation comprising at least one 
thickening, water-soluble copolymer (P) is injected into a mineral oil deposit through at 
least one injection well and crude oil is withdrawn from the deposit through at least one

10 production well, said water-soluble copolymer (P) comprising at least

(A) 30 to 99.99% by weight of at least one uncharged, monoethylenically 
unsaturated, hydrophilic monomer (A) selected from the group of 
(meth)acrylamide, N-methyl(meth)acrylamide, N,N’-

15 dimethyl(meth)acrylamide and N-methylol(meth)acrylamide, and

(B) 0.01 to 15% by weight of at least one monoethylenically unsaturated 
macromonomer (B) at least comprising - as well as the 
monoethylenically unsaturated group - a hydrophilic group and a

20 hydrophobic group,

and wherein at least one macromonomer (B) is a mixture comprising 
macromonomers (B1) and (B2) of the general formulae

25 (B1) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-[-(R4O)c(R5O)d]-H (I) and

(B2) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-H (il),

30
where the stated amounts of the monomers are each based on the total
amount of all the monomers in the copolymer (P), the molar proportion x of the 
macromonomers (B1) based on the sum total of (B1) and (B2) is 0.1 to 0.99,
and where the radicals and indices are each defined as follows:

R1: H or methyl,

R2: a single bond or a divalent linking group -OR35- where R35 is an 
alkylene group having 1 to 6 carbon atoms,

R3: independently ethylene groups -CH2CH2-, 1,2-propylene groups or 
alkylene groups R4, with the proviso that at least 90 mol% of the R3 
radicals are ethylene groups,



6
20

14
36

37
93

 
24

 Ja
n 

20
18 R4: independently alkylene groups -CR6(R7)-CR8(R9)- where the R6, R7, R8

and R9 radicals are each independently H or a linear or branched alkyl 
radical having 1

to 8 carbon atoms, with the proviso that not ail radicals are H and the 
sum total of the carbon atoms in the R6, R7, R8 and R9 radicals is 2 to 8,

R5 an ethylene group -CH2CH2-,

a a number from 10 to 35,

b a number from 5 to 30,

c a number from 0 to 2,

d a number from 1 to 15

5

and where, in addition,
• the copolymer has a weight-average molecular weight Mw of 1*106 g/mol 

to 30*106 g/mol,
• the amount of the copolymer in the aqueous formulation is 0.02 to 2% by 

weight, and
• the temperature of the mineral oil deposit is 20°C to 120°C.

In one embodiment of the invention, copolymers additionally comprising monomers 
10 comprising -SO3H groups are used.

In one embodiment of the invention, copolymers additionally comprising monomers 
comprising -COOH groups are used.

15 In one embodiment of the invention, copolymers additionally comprising monomers 
comprising -SO3H groups and -COOH groups are used.

It has been found that, surprisingly, the short, terminal poly(ethylene oxide/alkylene 
oxide) block in the macromonomer (B1) does not significantly impair the association of

20 the copolymers in aqueous solution, but rather, on the contrary, leads to copolymers 
having an improved profile of properties, which are of particularly good suitability for 
tertiary oil production.

In a second aspect of the invention, water-soluble copolymers (P) of the above-
25 described composition have been found. In one embodiment, there is provided a water-

soluble copolymer (P) comprising at least
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18 (A) 30 to 99.99% by weight of at least one uncharged, monoethylenically 

unsaturated, hydrophilic monomer (A) selected from the group of 
(meth)acrylamide, N-methyl(meth)acrylamide, N,N’- 
dimethyl(meth)acrylamide and N-methylol(meth)acrylamide,

5
(B) 0.01 to 15% by weight of at least one monoethylenically unsaturated 

macromonomer (B) at least comprising - as well as the 
monoethylenically unsaturated group - a hydrophilic group and a 
hydrophobic group, and

10
(C) 0.1 to 69.99% by weight of at least one hydrophilic, anionic, 

monoethylenically unsaturated monomer (C) comprising at least one 
acidic group selected from the group of-COOH, -SO3H and -PO3H2 
groups or salts thereof,

15
wherein the at least one macromonomer (B) is a mixture comprising 
macromonomers (B1) and (B2) of the general formulae

(B1) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-[-(R4O)c(R5O)d]-H (I) and
20

(B2) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-H (II),

where the stated amounts of the monomers are each based on the total 
amount of all the monomers in the copolymer (P), the molar proportion x of the

25 macromonomers (B1) based on the sum total of (B1) and (B2) is 0.1 to 0.99,
and where the radicals and indices are each defined as follows:

R1: H or methyl,

R2: a single bond or a divalent linking group -OR35- where R35 is an
alkylene group having 1 to 6 carbon atoms,

R3: independently ethylene groups -CH2CH2-, 1,2-propylene groups or
alkylene groups R4, with the proviso that at least 90 mol% of the R3 
radicals are ethylene groups,

R4: independently alkylene groups -CR6(R7)-CR8(R9)- where the R6, R7, R8
and R9 radicals are each independently H or a linear or branched alkyl 
radical having 1 to 8 carbon atoms, with the proviso that not all radicals 
are H and the sum total of the carbon atoms in the R6, R7, R8 and R9 
radicals is 2 to 8,
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18 R5 an ethylene group -CH2CH2-, 

a a number from 10 to 35,

b a number from 5 to 30,

c a number from 0 to 2,

d a number from 1 to 15

and where the copolymer has a weight-average molecular weight Mw of 1*106 
g/mol to 30*106 g/mol.

5 Ina third aspect of the invention, a process for preparing such copolymers (P) has 
been found.

With regard to the invention, the following should be stated specifically:

10 Water-soluble copolymers (P)
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For the process according the invention for mineral oii production, an aqueous formulation of at 
least one thickening, water-soluble copolymer (P) is used, injected into a mineral oil deposit 
through an injection well and crude oil withdrawn from the deposit through at least one 
production well. A process of this kind is also referred to as "polymer flooding".

The inventive copolymer (P), or that used in accordance with the invention, is a hydrophobically 
associating copolymer. The term ‘‘hydrophobically associating copolymer” is known in principle 
to those skilled in the art. This comprises water-soluble copolymers which have hydrophobic 
groups as well as hydrophilic molecular moieties. In aqueous solution, the hydrophobic groups 
can associate with one another or with other substances having hydrophobic groups on the 
basis of intermoiecular forces. This gives rise to a polymeric network linked by intermolecular 
forces, which enhances the viscosity-increasing action of the copolymers.

Ideally, the copolymers used in accordance with the invention should be miscible with water in 
any ratio. However, it is sufficient for the invention when the copolymers are water-soluble at 
least at the desired use concentration and at the desired pH. In general, the solubility in water at 
room temperature under the use conditions should be at least 25 g/l.

According to the invention, the water-soluble, hydrophobically associating copolymer comprises 
30 to 99.99% by weight of at least one uncharged, monoethylenically unsaiurated, hydrophilic 
monomer (A), preferably acrylamide, and 0.01 to 15% by weight of at least one
monoethylenically unsaturated, amphiphilic macromonomer (B) comprising - as well as the 
monoethylenically unsaturated group - a hydrophilic group and a hydrophobic group. In 
addition, it is of course also possible for further ethylenically unsaturated monomers, especially 
mono-ethylenically unsaturated monomers, to be present.

By means of further monomers, it is possible to modify the properties of the water-solubie 
copolymers and match them to the desired end use. The person skilled in the art will make a 
suitable selection with regard to further ethylenically unsaturated monomers according to the 
desired properties of the polymer.

Further ethylenically unsaturated monomers are especially hydrophilic monoethylenically 
unsaturated monomers, preferably those selected from the group of hydrophilic anionic 
monoethylenically unsaiurated monomers (C) comprising at least one acidic group or salts 
thereof, and hydrophilic cationic monoethylenically unsaturated monomers (D) comprising at 
least one ammonium group.

Monomers (A)

According to the invention, the copolymer (P) comprises at least one uncharged,
monoethylenically unsaturated, hydrophilic monomer (A) selected from a group of
(meth)acryiamide, N-methyi(meth)acry!amide, N,N’-dimethyl(meth)acrylamide or N-
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methylol(meth)acrylamide. Preference is given to (meth)acrylamide, especially to acrylamide. If 
mixtures of the various monomers (A) are used, at least 50 mol% of the monomers (A) should 
be (meth)acrylamide, preferably acrylamide.

5 According to the invention, the amount of the monomers (A) is 30 to 99.99% by weight based 
on the sum total of all the monomers in the copolymer (P), preferably 30 to 99.9% by weight, 
especially 35% by weight to 99.5% by weight, and, for example, 45 to 99.5% by weight.

Macromonomers (B)
10

The copolymer (P) comprises at least one amphiphilic, monoethylenically unsaturated 
macromonomer (B) comprising - as well as the monoethylenically unsaturated group - a 
hydrophilic group Y and a hydrophobic group Z, Optionally, a spacer X may also be present 
between the monoethyienic group and the Y group. The macromonomers B may especially

15 have the following structure: HjC^CiRu-X-Y-Z or H2C=C(R1)-Y-Z.

According to the invention, at least one of the macromonomers (B) is a mixture at least 
comprising macromonomers (B1) and (B2) of the general formulae

20 (B1) H2C^C(R^-RW~{RK3MR4OMriR4O)c{RX))d]-H (I) and

(B2) H2OC{R1)~R2~0-(R30MR40)b-H (II).

The radicals and indices in these formulae (I) and (II) are each as defined below.
25

R1 is H or a methyi group, preferably H.

R2 is a single bond or preferably a divalent linking group -OR35· where R35 is a linear or 
branched alkylene group having 1 to 8 carbon atoms. Preferably, R6 is a linear 1 ,ω-alkylene

30 group ~(GH2)k~ where k is 1 to 6, preferably 3 to 6 and more preferably 4.

The R3 radicals are each independently ethylene groups -CH2CH2-, 1,2-propylene groups 
-CH2CH(CH3)- or 1,2~aikylene groups R4, with the proviso that at ieast 90 mo!% of the R3 
radicals are ethylene groups. Preferably at least 95 mol% of the R3 radicals are ethylene

35 groups, and the R3 radicals are most preferably exclusively ethylene groups. ~(R:O)a~ is thus a 
block which consists essentially of ethyleneoxy groups and may additionally optionally comprise 
small amounts of higher alkyleneoxy groups.

The index a is a number from 10 to 35, preferably 15 to 30, more preferably 20 to 28 and, for
40 example, 23 to 26.
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The R4 radicate are each independently alkylene groups -CRSR7-CR8RS- where the Re, R7, R8 
and R9 radicate are each independently H or a linear or branched alkyl radical having 1 to 8 
carbon atoms, preferably 1 to 3 carbon atoms, with the proviso that not all the radicate are H 
and the sum total of the carbon atoms in the R6, R7, R8 and R9 radicate is 2 to 8, preferably 2 or

5 3. The radicals may, for example, be methyl, ethyl or propyl radicals. -(R4O)b- is thus a block of
alkyleneoxy groups comprising at least 4 carbon atoms.

In one embodiment of the invention, 2 or 3, preferably 3, of the R6, R7, R8 and Rs radicate in 
each of the R4 radicals are H. In one embodiment, 2 or 3, preferably 3, of the Rs, R7, R8 and R9

10 radicals in each of the R4 radicals are H, where the sum total of the carbon atoms in the R6, R7, 
R8 and R9 radicals is 2 or 3 in each case.

In one embodiment of the invention, the sum total of carbon atoms in the R6, R7, R8 and R9 
radicals is 2 in each case, where R6, R7 and R6 are H and R9 is ethyl in at least 70 mol%,

15 preferably at least 80 mol% and more preferably at least 95 mol% of the -CR6R7CR8R9- units. In
this embodiment, -R4G~ thus comprises butyleneoxy groups, preferably butyleneoxy groups 
derived essentially from 1,2-butene oxide.

In one embodiment of the invention, the sum total of the carbon atoms in the R6, R7, R8 and R9
20 radicate is 3 in each case, where R6, R7 and R8 are H and R9 is n-propyl in at least 70 mol%, 

preferably at least 80 moi% and more preferably at least 95 mol% of the -CR6R7CReR9- units. In 
this embodiment, -R4O- thus comprises pentyleneoxy groups, more preferably pentyleneoxy 
groups derived essentially from 1,2-pentene oxide.

25 The index b is a number from 5 to 30, especially 5 io 25, preferably 7 to 25, more preferably 8 to 
20 and, for example, 8 to 18 or, for example, 12 to 20.

R5 is an ethylene group -CH2CH2-.

30 In the above formula (I), -[(R4O)c(R5O)dj- is an alkylene oxide block comprising ethyleneoxy
units -R5O- and optionally alkyleneoxy units -R4O- as defined above, where the -R5O- and -R4O- 
units are generally arranged randomly, but may also be arranged in blocks or in alternation.

The index c is a number from 0 to 2, especially 0 to 1.5 and, for example, 0.1 to 1.
35

The index d is a number from 1 to 15, preferably 1.5 to 10 and more preferably 2 to 5.

In formula (I), the -(R3O)a-, -(R4O)b- and -[(R4O)c(R5O)d]- groups are in the sequence shown in
formula (I) and, in formula (II), the -(R3O)a- and -(R4O)b- groups are in the sequence shown in

40 formula (II).
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It will be apparent to the person skilled in the art in the field of polyalkoxylates that a distribution
of chain lengths is obtained in an alkoxylation, and that the indices a, b, c and d are averages
over ail the molecules. The indices a, b, c and d are accordingly not natural numbers but
rational numbers.

For the macromonomer (B1) this means, for example, that, even in the case of values of c > 0 in 
the mixture, macromonomers not having any R4O units are present, while other 
macromonomers (B1) have one or even more than one R4O unit.

10 According to the invention, the molar proportion x of the macromonomers (B1) based on the 
sum total of (B1) and (B2) is 0.1 to 0.99, especially 0.3 to 0.99, preferably 0.3 to 0,95, more 
preferably 0.45 to 0.9, even more preferably 0.5 to 0.9 and, for example, 0.5 to 0.8.

In a preferred embodiment of the invention, the number b+c of the R4O radicals present is
15 selected with the proviso that the sum total of all the carbon atoms in all the R6, R7, R8 and R9 

radicals present together is 25 to 50, preferably 28 to 46. In other words, in this embodiment, 
the more carbon atoms are present in the alkyleneoxy units R4O, the smaller the number of R4O 
radicals.

20 In a further embodiment of the invention, 2 or 3, preferably 3, of the R6, R7, R8 and Rs radicals in 
R4 is H, where the sum total of the carbon atoms in the Re, R7, R8 and R9 radicals is 2 or 3, 
where the number b+c of the R4O radicals present is selected with the proviso that the sum total 
of all the carbon atoms in all the R6, R7, R8 and R9 radicals present together is 25 to 50, 
preferably 28 to 46.

25
In a preferred embodiment of the invention, the macromonomers (B) are macromonomers (B1) 
and (B2) in which R3 represents ethylene groups and the sum total of the carbon atoms in the 
R6, R7, R8 and R9 radicals is 2, where R6, R7 and R8 are H and R9 is ethyl in at least 70 moi%, 
preferably at least 80 mol% and more preferably at least 95 mol% of the -CR6R7CR8R9- units. In

30 other words, the R4 radicals are butylene groups. In addition, a is a number from 20 to 28,
preferably 23 to 26, b is a number from 10 to 25, preferably 14 to 23, more preferably 14 to 20, 
most preferably 14 to 18, c is 0 to 1.5, preferably 0.5 to 1.5, d is a number from 1.5 to 10, 
preferably 1,5 to 5. The molar proportion x of the macromonomers (B1) in this embodiment is 
especially 0.3 to 0.95, preferably 0.45 to 0.9, based on the sum total of the monomers (B1) and

35 (B2) together.

in a further embodiment of the invention, the macromonomers (B) are macromonomers (B1) 
and (B2) in which R3 represents ethylene groups and the sum total of the carbon atoms in the 
R6| r?i rs and rs radicals is 3, where R6, R7 and R® are H and R9 is //-propyl in at least

40 70 mol%, preferably at least 80 mol% and more preferably at least 95 mo!% of the
-CR6R7CR8RS- units, to other words, the R4 radicals are pentylene groups, to addition, a is a
number from 20 to 28, preferably 23 to 26, b is a number from 5 to 16, preferably 8 to 12, c is 0
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to 1.5, preferably 0.5 to 1.5, d is a number from 1.5 to 10. preferably 1.5 to 5. The molar 
proportion x of the macromonomers (B1) in this embodiment is especially 0.3 to 0.95, preferably 
0.45 to 0.9, based on the sum total of the monomers (B1) and (B2) together.

5 As well as the macromonomers (B1) and (B2), it is of course also possible for further, different 
macromonomers comprising amphiphilic, hydrophobic and hydrophilic groups to be present. 
Macromonomers of this kind are known in principle to those skilled in the art. These may 
especially be derivatives of acrylamide, acrylic acid, maleic acid, vinyl or allyl units. Examples 
include especially macromonomers based on (meth)acryiic add of the general formula

10 H2C=C(R18)”COO-(CH2CH2O)i-R19 where R18 is H or methyl, I is a number from 5 to 50 and Rss
is a hydrocarbyl group having 8 to 36 carbon atoms. Further examples include cationic 
monomers of the general formuia H2C-C(R16)-CO-NH-R36-N+(CH3)2R37 X- where R36 is an 
alkylene group having 2 to 8 carbon atoms, preferably a 1,ox-alkylene group having 2 to 6 
carbon atoms, R37 is a hydrocarbyl group having 8 to 30 carbon atoms and X’ is an anion.

15
If further macromonomers (B) are present as well as the macromonomers (B1) and (B2), the 
proportion of (B1) and (B2) should be at least 50% by weight based on the sum total of all the 
macromonomers used, preferably at least 80% by weight. More preferably, exclusively 
macromonomers (B1) and (B2) are present.

20
According to the invention, the amount of the macromonomers (B), preferably the total amount 
of (B1) and (B2), is 0.01 to 15% by weight based on the sum total of all the monomers in the 
copolymer (P), preferably 0.1 to 10% by weight, more preferably 0.5 to 8% by weight, even 
more preferably 0.8 to 5% by weight and, for example, 1 to 2.5% by weight.

25
Preparation of the macromonomers (Bi) and (B2)

The macromonomers (B1) and (B2) can be prepared in a manner known in principle by 
alkoxylation of a monoethylenically unsaturated alcohol of the general formula H2C~C(R1)-R2-

30 OH (III) where R1 and R2 are each as defined above.

The alcohol H2C~C(R1)-R2-OH (III) can be alkoxylated in a three-stage process.

In a first step (81), alkoxylation is first effected with the desired amount of ethylene oxide,
35 optionally with a mixture of ethylene oxide, and not more than 10 mol% of higher alkylene

oxides. This gives rise to an alkoxylated alcohol of the general formula H2C-C(R1)-R2-O~(R3O)a- 
H (IV) where R3 is as defined above.

In a second step (S2), the alkoxylated alcohol H2C~C(R1)-R2-O-(R3O)a-H (IV) is reacted with
40 alkylene oxides of the general formula (V)
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where R6, R7, Re and R9 are each as defined at the outset. This alkoxylation gives rise to the 
already described macromonomer (B2) of the general formula H2C=;C(R’)-R2-O-(R3O)ii-(R4O)s~H

5 (II).

The macromonomer (B2) is reacted with ethylene oxide in a third step (S3), giving the above 
mixture comprising macromonomers (B1) and (B2).

10 The performance of alkoxylation, including the preparation of block copolymers from various 
alkylene oxides, is known in principle to those skilled in the art. It is likewise known to those 
skilled in the art that the molecular weight distribution of the alkoxylates and the orientation of 
alkylene oxide units in a polyether chain can be influenced through the reaction conditions, 
more particularly the choice of catalyst.

15
The alkoxylation can especially be undertaken by base-catalyzed alkoxylation. In the first step 
(S1), the alcohol used as the starting material can be admixed in a pressure reactor with alkali 
metal hydroxides, preferably potassium hydroxide, or with alkali metal alkoxides, for example 
sodium methoxide. By means of reduced pressure (for example <100 mbar) and/or an increase

20 in the temperature (30 to 150°C), water still present in the mixture can be removed. Thereafter, 
the alcohol is in the form of the corresponding alkoxide. This is followed by inertization with inert 
gas (e.g. nitrogen) and, in a first step, ethylene oxide, optionally in a mixture with small amounts 
of propylene oxide and/or higher alkylene oxides is added stepwise at temperatures of 120 to 
160°C, preferably 130 to 150°C. The addition is effected typically within 5 to 15 h, without any

25 intervention that the invention be restricted thereto. After the addition has ended, the reaction 
mixture is appropriately left to react further, for example for % h to 1 h.

In a second step (82), alkylene oxides of the general formula (IV) are subsequently metered in 
stepwise. The reaction temperature in the second stage can be kept the same or else altered,

30 and it has been found to be useful not to exceed a temperature of 135°C in the 2nd stage. At 
higher temperatures, there is the risk, especially in the case of relatively long reaction times, 
that small amounts of crosslinking by-products will be formed in the alkoxylation. By-products of 
this kind are extremely undesirable since they lead, in the polymerization, to a rise in gel 
fractions in the polymer. Since the polymer in the course of polymer flooding has to be forced

35 through pores having a size of only few micrometers, even small gel fractions are extremely 
disruptive because they can lead to blockage of the formation.
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In the third step (83), ethylene oxide is added once again. S3 is especially effected without 
further addition of an alkaline catalyst and is performed especially at a pressure in the range 
from Γ105 Pa to 7*10s Pa, preferably from 1*105 Pa to 5*105 Pa, and a temperature in the 
range from 120°C to 140°C, more preferably from 125 to 135°C. In particular, the ethoxylation in

5 step S3 is effected over a period of 0.5 to 7 h, especially 0.5 to 5 h, preferably of 0.5 to 4 h.

The alkoxylation can also be undertaken by means of techniques which lead to narrower 
molecular weight distributions than in the base-catalyzed synthesis. For this purpose, the 
catalysts used may, for example, be double hydroxide clays as described in DE 43 25 237 A1.

10 The alkoxylation can more preferably be effected using double metal cyanide catalysts (DMC 
catalysts). Suitable DMC catalysts are disclosed, for example, in DE 102 43 361 A1, especially 
paragraphs [0029] to [0041] and literature cited therein. For example, it is possible to use 
catalysts of the Zn-Co type. To perform the reaction, the alcohol used as the starting material 
can be admixed with the catalyst, and the mixture can be dewatered as described above and

15 reacted with the alkylene oxides as described. Typically, not more than 250 ppm of catalyst
based on the mixture are used, and the catalyst can remain in the product because of this small 
amount.

The alkoxylation can additionally also be undertaken with acid catalysis. The acids may be
20 Bronsted or Lewis acids. To perform the reaction, the alcohol used as the starting material can 

be admixed with the catalyst, and the mixture can be dewatered as described above and 
reacted with the alkylene oxides as described. At the end of the reaction, the acidic catalyst can 
be neutralized by addition of a base, for example KOH or NaOH, and filtered off if required. In 
the case of acid-labile vinyl ethers as alcohols of the general formula (III), an acid-catalyzed

25 alkoxylation is usually avoided.

The outlined performance of the three steps S1, S2 and S3 affords a mixture comprising 
macromonomers (B1) and (B2) in the ratio already outlined. The formation of a mixture can be 
explained as follows: after the second alkoxylation step (82) with alkylene oxides of the formula

30 (V), macromonomers (B2) of the general formula H2C“C(R1)-R2-O-(R3O)a-(R4O)b-H (II) are at
first obtained. In formula (II), the polyoxyalkylene chain, according to the nature of the alkylene 
oxides used, has a secondary (or even a tertiary) alcohol group as the terminal group, namely a 
-CR6(R7)-CR6(RS)~OH group. The further reaction with ethylene oxide in step (S3) gives rise to 
molecules having terminal, primary OH groups, nameiy-CR6(R7)-CR8(R9)-O~CH2CH2OH. Since

35 primary OH groups are more reactive than secondary or tertiary OH groups, the primary OH
groups react preferentially with further ethylene oxide. The ethylene oxide added in step (II) thus 
does not react homogeneously with the macromonomers (B2) of the general formula 
H2C=C(R1)-R2~O-(R3O)a-(R4O)b~H (II) present after step 82. If a portion of the macromonomers 
(B2) has first of ail reacted with ethylene oxide to give H2C~C(R1)-R2-O-(R3O)a-(R4O)b-

40 CH2CH2OH, these intermediates react preferentially with further ethylene oxide. Since the
amount of ethylene oxide in step S3 is relatively small, the result of this different reactivity is that 
a portion of the (B2) molecules do not react at all, while others react to a disproportionately high
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degree. Thus, if p equivalents of ethylene oxide are added and the proportion the proportion of 
the macromonomers (B1) in the mixture is x, the value of d ~ p/x can be calculated therefrom. 
Of course, d can also be determined analytically.

5 According to the reaction conditions, the alkoxylation in step (S2) proceeds to completion or 
does not proceed to completion, such that small amounts ofthe alkylene oxides (V) can remain 
in the reaction mixture without having reacted. This may be the case especially in the above­
described preferred alkoxylation at not more than 135°C. Residues ofthe alkylene oxides (V) 
can of course be removed in a customary manner before the final ethoxylation. However, it is

10 also possible to leave these in the product for the alkoxylation. It has been found that said 
residual amount of alkylene oxides (V) is distinctly reduced in the course of step S3. In other 
words, a portion of any alkylene oxides (V) remaining is incorporated in the terminal block 
-[(R4O)c(R5O)d]-H in the course of step S3, meaning that this may be a mixed block of 
alkyleneoxy units R4O and ethyleneoxy units RSO. If the alkylene oxides react to completion in

15 step S2 or are then removed in step S2, toe terminal block may also be a pure ethylene oxide 
block, i.e. c = 0.

Preferred PW^t^ffon process for the macfohtohomars (B)

20 In an advantageous embodiment, the macromonomers (B) can be prepared by means of the 
preferred process outlined below.

In this case, step 81 is performed with addition of an alkaline catalyst K1 comprising KOMe 
and/or NaOMe.

25

Step 82 is undertaken with addition of an alkaline catalyst K2, where the concentration of 
potassium ions in the reaction in step S2 is less than or equal to 0.9 moi%, preferably less than 
0.9 mol%, preferably in the range from 0.01 to 0.9 mol%, especially preferably 0.01 to 
0.5 mol%, based on the alcohol H2C=C(R1)-R2-O-(R3O)a-H (IV) used, and where the reaction in

30 step S2 is performed at a temperature of less than or equal to 135°C, preferably of less than 
135°C, more preferably of less than or equal to 130°C, for example 120°C to 130°C, giving the 
macromonomer (B2).

In step S3, a portion ofthe macromonomer (B2) is reacted with ethylene oxide, forming the
35 mixture comprising macromonomers (B1) and (B2).

The preferred conditions specified hereinafter (e.g. pressure and/or temperature ranges) in the 
reactions in steps 81, S2 and S3 mean that the respective step is performed entirely or partly 
under the conditions specified.

40
Preferably, step S1 first comprises the reaction of the monoeihylenically unsaturated alcohol 
(III) with the alkaline catalyst K1. For this purpose, the alcohol (III) used as the starting material
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is typically admixed with an alkaline catalyst K1 in a pressure reactor. By means of reduced 
pressure of typically less than 100 mbar, preferably in the range from 30 to 100 mbar, and/or an 
increase in the temperature, typically within the range from 30 to 150°C, water and/or low 
boilers still present in the mixture can be drawn off. Thereafter, the alcohol is essentially in the 
form of the corresponding alkoxide. Subsequently, the reaction mixture is typically treated with

Preferably, step 51 comprises the addition of ethylene oxide and optionally small amounts of 
higher alkylene oxides to the mixture of alcohol (III) and alkaline catalyst K1. After the addition 
of the ethylene oxide and optionally further alkylene oxides has ended, the reaction mixture is 
typically left to react further. The addition, including optional decompressions (temporary 
reduction in the pressure from, for example, 6*105 Pa to 3*105 Pa absolute) and including 
further reaction, is effected typically over a period of 2 to 36 h, preferably of 5 to 24 h, especially 
preferably of 5 to 15 h, more preferably of 5 fo 10 h.

Step S1 is effected typically at temperatures of 120 to 160°C, preferably of 130 to 150°C, more 
preferably of 140 to 150‘C. More particularly, step S1 comprises the addition of the ethylene 
oxide and optionally small amounts of further alkylene oxides to the mixture of alcohol (III) and 
alkaline catalyst K1 at a temperature of 120 to 160°C, more preferably of 140 to 150°C.

Preference is given fo adding the ethylene oxide and optionally small amounts of further 
alkylene oxides to the mixture of alcohol (III) and alkaline catalyst K1 at a pressure in the range 
from 1 to 7 bar, preferably in the range from 1 to 6 bar. In order to comply with the safety 
conditions, the addition in step S1 is performed typically at a pressure in the range from Γ105 
Pa to 4*1Q5 Pa, preferably 1*105 Pa to 3.9*105 Pa, more preferably from 1*105 Pa to 3,1*105 Pa 
or, in a further execution of the invention, from 3*105 Pa to 6*1G5 Pa. More particularly, the 
addition of ethylene oxide and/or the further reaction is/are performed at the abovementioned 
pressures.

Preferably, step S1 comprises the addition of the ethylene oxide and optionally smail amounts 
of further alkylene oxides to the mixture of alcohol A1 and alkaline catalyst K1 over a period of 
less than or equal to 36 h, preferably less than or equal to 32 h, more preferably over a period 
of 2 to 32 h, especially preferably over a period of 5 fo 15 h, and at a pressure of less than or 
equal to S*105 Pa, preferably at 1*105 Pa to 4*105 Pa, especially preferably 1*105 Pa to 3,9*105 
Pa. More particularly, the above-specified period includes the addition of ethylene oxide and/or 
the further reaction.

More particularly, the reaction of a monoethylenicaiiy unsaturated alcohol (III) with ethylene 
oxide and optionally small amounts of further alkylene oxides can be effected with addition of an 
alkaline catalyst K1 comprising KOMe (potassium methoxide) and/or sodium methoxide 
(NaOMe) in step S1 of the preferred process in one or more ethoxylafion steps.
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Particular preference is given to a process as described above, wherein step S1 comprises the 
following component steps:

® reaction of the monoethylenically unsaturated alcohol (III) with the alkaline catalyst K1,

® reaction of the mixture of alcohol (ill) and catalyst K1 with a portion of the ethylene oxide
§ and optionally small amounts of further alkylene oxides, especially 10 to 50% by weight,

especially 10 to 30% by weight, of the total amount of ethylene oxide and optionally small 
amounts of further alkylene oxides,

» an intermediate step comprising a rest phase and/or a decompression,

« and the reaction with the remaining portion of the ethylene oxide and optionally small
10 amounts of further alkylene oxides.

Further preference is given to a process as described above, wherein step S1 comprises the 
following component steps:

* reaction of the monoethylenically unsaturated alcohol (III) with the alkaline catalyst K1,

15 « reaction of the mixture of alcohol (III) and catalyst K1 with a portion of the ethylene oxide
and optionally small amounts of further alkylene oxides, especially 50 to 98% by weight, 
especially 80 to 98% by weight, of the total amount of ethylene oxide and optionally small 
amounts of further alkylene oxides,

» a step for removal of low boilers with decompression to a pressure of less than 100 mbar,
20 preferably 30 to 100 mbar and/or an increase in the temperature, typically within the range

from 30 to 150°C,

® reaction of the ethoxylatton product obtained with the alkaline catalyst K1 and reaction of 
the remaining portion of the ethylene oxide with the mixture of ethoxylatton product and 
alkaline catalyst K1.

25
The alkaline catalyst K1 comprises especially 10 to 100% by weight, preferably 20 to 90% by 
weight, of KOMe and/or NaOMe. The catalyst K1 may, as well as KOMe and/or NaOMe, 
comprise further alkaline compounds and/or a solvent (especially a C1 to CS alcohol). For 
example, a further alkaline compound may be present, selected from alkali metal hydroxides,

30 alkaline earth metal hydroxides, potassium C2 to C6 alkoxides, sodium C2 to C6 alkoxides 
(preferably ethoxide), alkaline earth metal alkoxides (especially C1 to C6 alkoxides, preferably 
methoxide and/or ethoxide). Preferabiy, the catalyst K1 comprises, as well as KOMe and/or 
NaOMe, at least one further alkaline compound selected from sodium hydroxide and potassium 
hydroxide.

35
In a further preferred embodiment, the alkaline catalyst K1 consists of KOMe or of a solution of
KOMe in methanol (MeOH). Typically, it is possible to use a solution of 20 to 50% by weight
KOMe in methanol (MeOH).
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In a further preferred embodiment, the alkaline catalyst K1 consists of NaOMe or of a solution of 
NaOMe in methanol.

In a further preferred embodiment, the catalyst K1 consists of a mixture of KOMe and NaOMe 
or of a solution of KOMe and NaOMe in methanol.

It is advantageous to use the catalyst K1 in such an amount as to comply with an upper limit of 
2500 ppm (approx. 0.4 mol%) of KOMe in relation to the alcohol (III) used, in order to avoid the 
decomposition of the monoethylenically unsaturated alcohol (III). Preferably, the concentration 
of potassium ions in step S1 is less than or equal to 0.4 mol% based on the total amount of the 
alcohol A1 used, more preferably 0.1 to 0.4 mol%.

If KOMe is added in such an amount that the concentration exceeds 0.9 mol% based on the 
alkoxylaled alcohol (IV) (product of process step S1), KOMe is fully or partly removed prior to 
step S2 in the preferred process for preparing the macromonomers (B), in order to obtain a 
potassium ion concentration of less than 0.9 mol% in process step S2. This can be effected, for 
example, by isolating and optionally purifying the alkoxylaled alcohol A2 after step S1.

In a further preferred embodiment, KOMe is used in such an amount that the concentration of 
potassium ions after the reaction in step S1 is already less than or equal to 0.9 mol% based on 
(iv).

Step 82 of the preferred process comprises the reaction of the alkoxylated alcohol (IV) with at 
least one alkylene oxide of the general formula (V) as described above, with addition of an 
alkaline catalyst K2 to the above-described macromonomer (B2) of the general formula 
H2C=C(R1)-R2-O-(R3O)a~(R4G)b-H (II).

Preferably, step S2 at first comprises the reaction of the alkoxylated alcohol (IV) with the 
alkaline catalyst K2. For this purpose, the alcohol A2 is typically admixed with the alkaline 
catalyst K2 in a pressure reactor. By means of a reduced pressure of typically less than 
100 mbar, preferably in the range from 30 io 100 mbar, and/or an increase in the temperature, 
typically in the range from 30 to 150°C, it is possible to draw off water and/or low boilers still 
present in the mixture. Thereafter, the alcohol is substantially in the form of the corresponding 
alkoxide. Subsequently, the reaction mixture is typically treated with inert gas (e.g. nitrogen).

Preferably, step S2 comprises the addition of the at least one alkylene oxide (V) to the above­
describe mixture of alcohol (IV) and alkaline catalyst K2. After the addition of the alkylene oxide 
(V) has ended, the reaction mixture is typically left to react further. The addition, including 
optional decompression and including further reaction, is typically effected over a period of 2 to 
36 h, preferably of 5 to 30 h, especially preferably of 10 to 28 h, more preferably of 11 to 24 h.
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In the preferred preparation process, the concentration of potassium ions in the reaction in step 
S2 is less than or equal to 0.9 mol%, preferably less than 0.9 mol%, preferably from 0.01 to 
0.9 mol%, more preferably from 0.1 to 0,6 mol%, based on the alcohol (IV) used.

5 In a preferred embodiment, the concentration of potassium ions in the reaction in step S2 is 
0.01 to 0.5 mol%, based on the alcohol (IV) used.

In a particularly preferred embodiment, the concentration of potassium ions in the reaction in 
step S2 is less than or equal to 0.9 mol%, preferably 0.1 to 0.5 mol%, based on the alcohol (IV)

10 used, and the reaction in step 82 is performed at temperatures of 120 to 130°C.

The alkaline catalyst K2 preferably comprises at least one alkaline compound selected from 
alkali metal hydroxides, alkaline earth metal hydroxides, alkali metal alkoxides (especially C1 to 
C6 alkoxides, preferably methoxide and/or ethoxide), alkaline earth metal alkoxides (especially

15 C1 to C8 alkoxides, preferably methoxide and/or ethoxide). Preferably, the catalyst K2
comprises at least one basic sodium compound, especially selected from NaOH, NaOMe, and 
NaOEt, more preferably NaOMe or NaOH. The catalyst K2 used may be a mixture of the 
alkaline compounds mentioned, the catalyst K2 preferably consisting of one of the basic 
compounds mentioned or mixtures of the alkaline compounds mentioned. Frequently, an

20 aqueous solution of the alkaline compounds is used. In another preferred embodiment, the 
alkaline catalyst K2 consists of NaOMe or of a solution of NaOMe in methanol (MeOH). 
Typically, it is possible io use a solution of 20 to 50% by weight NaOMe in methanol (MeOH). 
Preferably, the catalyst K2 does not comprise any KOMe.

25 Preferably, in step S2, a catalyst K2 comprising at least one basic sodium compound, especially 
selected from NaOH, NaOMe, and NaOEt, is used, where the concentration of sodium ions in 
the reaction in step S2 is in the range from 3.5 to 12 moi%, preferably from 3.5 to 10 mol%, 
more preferably from 3.5 to 7 moi%, most preferably from 4 to 8 mol%, based on the alcohol 
(IV) used.

30
The reaction in step S2 is performed at a temperature of less than or equal to 135CC, preferably 
at less than or equal to 130°C. Preferably, the reaction in step 82 is performed at temperatures 
of 80 to 135°C, preferably at 100 to 135°C, more preferably at 120 to 135°C, most preferably at 
120 to 130°C. More particularly, step S2 comprises the addition of at least one alkylene oxide

35 (V) to a mixture of alcohol (IV) and alkaline catalyst K2 at a temperature of less than or equal to
135°C, preferably at less than or equal to 130°C, especially at temperatures of 100 to 135°C, 
preferably at 120 to 130°C.

Preferably, step 82 is performed at a pressure in the range from Γ105 Pa to 6*10s Pa,
40 preferably from 1*10s Pa to 3.1*105 Pa, In order to comply with the safety conditions, the

reaction in step S2 is performed preferably at a pressure in the region of less than or equal to 
3.1*105 Pa (preferably 1*105 Pa to 3.1*1G5 Pa) if the sum total of all the carbon atoms in the R6,
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R7, R8 and R9 radicals is 2, or at a pressure of less than or equal to 2.1 bar (preferably 1 to 2.1 
bar) if the sum total of ail the carbon atoms in the Rg, R7, Rs and R9 radicals is more than 2. 
More particularly, the addition of alkylene oxide (V) and/or the further reaction are performed at 
the abovementioned pressure. In a further preferred embodiment, step S2 is performed within a

6 pressure range from 3 to 6 bar absolute, in a further preferred execution, step S2 can be 
performed within a pressure range from 0.2*105 Pa to 3.Γ105 Pa.

Preferably, step S2 comprises the addition of the at least one alkylene oxide (V) to a mixture of 
alcohol (IV) and alkaline catalyst K2 at a pressure in the range of 1*105 Pa to 3.1*105 Pa.

10

In one embodiment, the sum total of all the carbon atoms in the R6, R7, R8 and Rs radicals is 2, 
and step S2 comprises the addition of the at least one alkylene oxide (V) to a mixture of alcohol 
(IV) and alkaline catalyst K2 at a pressure in the range from 1*105 Pa to 3.1*105 Pa.

15 Ina further embodiment, the sum total of all the carbon atoms in the Rs, R?, R8 and Rs radicals 
is more than 3, preferably 3, and step S2 comprises the addition of the at least one alkylene 
oxide (V) to a mixture of alcohol (IV) and alkaline catalyst K2 at a pressure in the range from 
1*1Q5 Pa to 2.1*1G5 Pa.

20 More preferably, step S2 is performed at a pressure in the range from 1*1Q5 Pa to 3.1*105 Pa 
(preferably at the abovementioned pressures) and at a temperature of 120 to 130°C.

Preferably, step S2 comprises the addition (including further reaction time) of the at least one 
alkylene oxide (V) to a mixture of alcohol (IV) and alkaline catalyst K2 over a period of less than

25 or equal to 36 h, preferably less than or equal to 32 h, more preferably over a period of 2 to
32 h, most preferably over a period of 11 to 24 h, and at a pressure of less than or equal to 
3.1*1Q5 Pa (preferably at the abovementioned pressures).

Step S3 is especially effected without further addition of an alkaline catalyst. Step S3 is
30 performed especially at a pressure in the range from 1*105 Pa to 7*105 Pa, preferably from

1*105 Pa to 6*105 Pa, most preferably within a range from 3*105 Pa to 6*105 Pa absolute and a 
temperature in the range from 60 to 140cC, preferably from 120 to 140°C, more preferably from 
120 to 135°C. The ethoxyiation in step S3 is effected especially over a period of 0.5 to 7 h, 
especially 1 to 5 h, preferably of 1 to 4 h.

35

Preferably, step S3 comprises the addition of ethylene oxide to the reaction mixture after step 
S2 comprising the macromonomer (B2) of the general formula (II) without further workup and/or 
decompression. After the addition of the ethylene oxide has ended, the reaction mixture is 
typically left to react further. The addition, including optional decompression and including

40 further reaction, is effected typically over a period of 0.5 to 10 h, especially 2 to 10, most 
preferably 4 to 8 h.
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The result of performance of step S3 Is generally that alkylene oxide (V) still present in the 
reaction mixture after step S2 is at least partly depleted and hence at least partly removed. It is 
of course possible to remove alkylene oxide (V) which has not been depleted after step S2 by a 
decompression and/or temperature increase after step 82.

Monomers (C)

As well as monomers (A) and (B), the water-soluble copolymers (P) may optionally comprise 
further hydrophilic, monoethylenically unsaturated monomers.

In one embodiment of the invention, the water-soluble copolymers (P) comprise, as well as 
monomers (A) and (B), at least one hydrophilic, anionic, monoethylenically unsaturated 
monomer (C) comprising at least one acidic group or salts thereof.

More preferably, the hydrophilic monomers (C) optionally used are miscible with water in any 
ratio. In general, the solubility of the monomers (C) In water at room temperature should be at 
least 50 g/l, preferably at least 150 g/l and more preferably at least 250 g/l.

The acidic group is preferabiy at least one acidic group selected from the group of -COOH, 
-SO3H or -PO3H2 or salts thereof. Preference is given to monomers comprising COOH groups 
and/or -SO3H groups.

Examples of monomers comprising COOH groups include acrylic acid, methacrylic acid, 
crotonic acid, itaconic acid, maleic acid and fumaric acid. Preference is given to acrylic acid.

Examples of monomers comprising sulfo groups include vinylsuifonic acid, allyisulfonic acid, 2- 
acrylamido-2-methyipropanesulfonic acid, 2-methacrylamido-2-methylpropanesulfonic acid, 2- 
acrylamidobutanesuSfonic acid, 3-acrylamido~3~methylbutanesulfonic acid and 2-acrylamido- 
2,4,4-trimethylpentanesulfonic acid. Preference is given to vinylsuifonic acid, allyisulfonic acid or 
2~acrylamido-2-methylpropanesulfonic acid, and particular preference to or 2-acrylamido~2- 
methylpropanesulfonic acid.

Examples of monomers comprising phospbonic acid groups include vlnylphosphonic acid, 
allylphosphonic acid, N-(meth)acrylamidoalkylphosphonic acids and (meth)acryioyloxyalkyl- 
phosphonic acids, preference being given to vlnylphosphonic acid.

The acidic groups may of course be fully or partly neutralized, meaning that they may be 
present as salts. Suitable counterions for the acidic group include especially alkali metal ions 
such as Lr, Na+ or K+ and ammonium ions NH4+ and ammonium ions having organic radicals.

Examples of ammonium ions having organic radicals include ammonium ions of the general 
formula [NHR20R21R22]+ (VI) where the R20, R21 and R22 radicals are each independently H or
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aliphatic and/or aromatic hydrocarbyl radicals having 1 to 12, preferably 1 to 8 carbon atoms, 
where the hydrocarbyl radicals may be substituted by OH groups and/or nonadjacent carbon 
atoms may be replaced by O or N, with the proviso that at least one of the R20, R21 and R22 
radicals is not H. In addition, the ammonium ions may also be of the general formula [R20R21HN

6 R23~NHR20R21]2* (VII) where R20 and R21 are each as defined above and R23 is an alkylene
radical having 1 to 6 carbon atoms, preferably a 1 ,ω-alkyiene radical having 2 to 6 carbon 
atoms. Examples of ammonium ions having organic radicals include [NH(CH3)3]+, [NH2(CH3)2]+, 
[NH3(CH3)]T [NH(C2H5)3]+, [NH2(C2H5)2]\ [NH3(C2H5)]+, [NH3(CH2CH2OH)r, [H3N-CH2CH2- 
NH3P and [Η(Η3Ο)2Ν-ΟΗ2ΟΗ2ΟΗ2ΝΗ3]2*.

10
Salts can be obtained by fully or partly neutralizing monomers (C) in the acid form with the 
appropriate bases prior to the polymerization. It is of course also possible to use monomers (C) 
in the acid form for polymerization and to fully or partly neutralize acid groups in the water- 
soluble copolymer (P) obtained after the polymerization.

15
The amount of the monomers (C) is - if they are present - up to 69.99% by weight, preferably 
0.1 to 69.99% by weight, especially 5 to 64.9% by weight, based on the sum total of all the 
monomers in the water-soluble copolymer (P).

20 Monomers (D)

In a further embodiment of the invention, the water-soluble copolymers (P) comprise, as well as 
the monomers (A) and (B) and optionally the monomers (C), at least one hydrophilic, cationic, 
monoethylenically unsaturated monomer (D) comprising at least one ammonium group,

25
More preferably, the hydrophilic monomers (D) optionally used are miscible with water in any 
ratio. In general, the solubility of the monomers (D) in water at room temperature should be at 
least 50 g/l, preferably at least 150 g/l and more preferably at least 250 g/l.

30 Examples of cationic monomers (D) having ammonium groups include especially ammonium 
derivatives of N-(a>arninoalkyl)(meth)acryiarnides and o>aminoaikyl(meth)acryiic esters.

More particularly, monomers (D) having ammonium groups may be compounds of the general 
formulae H2C=C(R10)-CO-NR; :-R''>NR:33' X- (VIII) and/or H2C=C(R10)-COO-R12-NR«3+ X' (IX).

35 In these formulae, Rw is H or methyl, R·1 is H or a Cr to Chalky! group, preferably H or methyl, 
and R10 is a preferably linear Ci- to C^alkylene group, for example a 1,2-ethyiene group -CHs- 
CH2- or a 1,3-propylene group -CH2-CH2-CH2-. The R13 radicals are each independently Cr to 
Ci-aikyl radicals, preferably methyl, or a group of the general formula -RM-SO3H where R14 is a 
preferably linear Ci- to Cralkylene group or a phenyl group, with the proviso that generally not

40 more than one R13 substituent is a substituent having sulfo groups. More preferably, the three
R13 substituents are methyl groups, meaning that the monomer has one -N(CH3)3+ group. X in
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the above formula is a monovalent anion, for example Cl·. Of course, X -may also be an 
appropriate fraction of a polyvalent anion, although this is not preferred.

Examples of preferred monomers (D) of the general formula (VI) or (VII) include salts of 3- 
trimethylammoniopropyl(meth)acrylamides and 2-trimethylammonioethyl (mefb)acryiates, for 
example the corresponding chlorides such as 3-trimethylammoniopropylacrylamide chloride 
(DIMAPAGUAT) and 2-trimethylammonioethyl methacrylate chloride (MADAME-QUAT).

The amount of the monomers (D) is - if they are present - up to 69.99% by weight, preferably 
0.1 to 69.99% by weight, especially 5 to 64,9, based on the sum total of all the monomers in the 
water-soluble copolymer (P).

Monomers (E)

The water-soluble copolymers (P) may additionally comprise further monoethylenically 
unsaturated monomers (E), preferably hydrophilic monomers (E), other than the monomers (A), 
(B), (C) and (D).

More preferably, hydrophilic monomers (E) optionally used are miscible with water in any ratio.
In general, the solubility of the monomers (E) in water at room temperature should be at least 
25 g/l, preferably at least 50 g/l and more preferably at least 100 g/l.

Examples of monoethylenically unsaturated monomers of this kind include monomers 
comprising hydroxyl and/or ether groups, for example hydroxyethyl (meth)acrylate, 
hydroxypropyl (meth)acrylate, allyl alcohol, hydroxyvinyi ethyl ether, hydroxyvinyl propyl ether, 
bydroxyvinyl butyl ether and compounds of the formula H2C~C(R15)~COO-(-CH2-CH(R16)-O-)b- 
R17 (X) or H2C=C(R15)-O~(-CH2~CH(R16)-O-)b-R17 (XI) where R15 is H or methyl and b is a 
number from 2 to 200, preferably 2 to 100. The R16 radicals are each independently H, methyl or 
ethyl, preferably H or methyl, with the proviso that at least 50 mol% of the R13 radicals are H. 
More preferably, at least 75 mol% of the R16 radicals are H, more preferably at least 90 mol%, 
and they are most preferably exclusively H. The R17 radical is H, methyl or ethyl, preferably H or 
methyl. Further examples of monomers (E) include N-vinyl derivatives, for example N- 
vinyiformamide, N-vinylacetamide, N-vinylpyrrolidone and N-vinylcaproiactam, and vinyl esters, 
for example vinyl formate or vinyl acetate. N-Vinyi derivatives can be hydrolyzed after 
polymerization to give vinylamine units, and vinyl esters to vinyl alcohol units.

If they are present at all, the amount of such further monomers (E) should not exceed 15% by
weight, preferably 10% by weight, more preferably 5% by weight, based on the sum total of all
the monomers, and most preferably no further monomers (E) are present.

’reparation ot th
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The inventive copolymers can be prepared by methods known in principle to those skilled in the 
art, by free-radical polymerization of the monomers (A), (B) and optionally (C), (D) and (E) in 
aqueous solution, for example by means of solution polymerization, gel polymerization or 
inverse emulsion polymerization. These polymerization techniques are known In principle io

5 those skilled in the art.

For polymerization, it is possible to use and polymerize aqueous solutions or of the monomers 
together with suitable initiators for the free-radical polymerization. The polymerization can be 
effected thermally and/or photochemically. It is of course possible to use further additives and

10 auxiliaries for polymerization, for example defoamers or complexing agents.

In a preferred embodiment of the invention, the copolymers used are prepared in the presence 
of at least one non-polymerizable, surface-active compound (T). The non-polymerizable, 
surface-active compound (T) is preferably at least one nonionic surfactant, but anionic and

15 cationic surfactants are also suitable, provided that they do not take part in the polymerization 
reaction, The compounds may especially be surfactants, preferably nonionic surfactants of the 
general formula R18-Y where R18 is a hydrocarbyl radical having 8 to 32, preferably 10 to 20 and 
more preferably 12 to 18 carbon atoms and Y is a hydrophilic group, preferably a nonionic 
hydrophilic group, especially a polyalkoxy group.

20
The nonionic surfactant is preferably an ethoxylated long-chain, aliphatic alcohol which may 
optionally comprise aromatic components.
Examples include: C12C14 fatty alcohol ethoxylates, CigCw fatty alcohol ethoxyiates, C« oxo 
alcohol ethoxylates, C10 oxo alcohol ethoxyiates, G13C15 oxo alcohol ethoxylates, C10 Guerbet

25 alcohol ethoxyiates and alkylphenol ethoxylates. Particularly useful examples are compounds 
having 5 io 20 ethyleneoxy units, preferably 8 to 18 ethyleneoxy units. Optionally, small 
amounts of higher alkyleneoxy units, especially propyleneoxy and/or butyleneoxy units, may 
also be present, although the amount of ethyleneoxy units should generally be at least 80 moi% 
based on all the alkyleneoxy units.

30
Especially suitable are surfactants selected from the group of ethoxylated alkyl phenols, 
ethoxylated saturated iso-C13-alcohols and/or ethoxylated C10-Guerbet alcohols, where 5 to 20 
ethyleneoxy units, preferably 8 to 18 ethyleneoxy units, are present in each of the alkyleneoxy 
radicals.

35
The addition of the non-polymerizable, interface-active compounds (T) during the 
polymerization leads to a distinct improvement in performance properties of the copolymer (P) 
in polymer flooding. More particularly, the thickening effect is increased and, in addition, the gel 
content of the copolymer is reduced. This effect can probably be explained as follows, without

40 any intention that the invention be restricted to this explanation. In the case of polymerization in 
the absence of a surfactant, the macromonomers (B) form micelles in the aqueous reaction 
medium. In the polymerization, this leads to blockwise incorporation of the hydrophobically
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associating regions into the polymer, if an additional surface-active compound is then present in 
the course of preparation of the copolymers, mixed micelles are formed. These mixed micelles 
comprise polymerizable and non-polymerizabie components. As a result, the macromonomers 
(B) are then incorporated in shorter blocks. At the same time, the number of these shorter

5 blocks per polymer chain is greater. Thus, the structure of the copolymers prepared in the 
presence of a surfactant differs from those in the absence of a surfactant.

The non-polymerizable, interface-active compounds (T) can generally be used in an amount of 
0.1 to 5% by weight, based on the amount of all the monomers used. The weight ratio of the

10 non-polymerizable, interface-active compounds (T) used to the monomers (B) is generally 4:1 to 
1:4, preferably 2:1 to 1:2, more preferably 1.5:1 to 1:1.5 and, for example, about 1:1.

In a preferred embodiment, the free-radical polymerization is undertaken by means of gel 
polymerization, preferably adiabatic gel polymerization in aqueous phase.

15
For gel polymerization, a solution comprising the monomers (A), (B) and optionally (C), (D) 
and/or (E), and also water or an aqueous solvent mixture, is first provided. Suitable aqueous 
solvent mixtures comprise water and water-miscible organic solvents, where the proportion of 
water is generally at least 60% by weight, preferably at least 85% by weight and more

20 preferably at least 95% by weight. In one embodiment of the invention, exclusively water is used 
as the solvent. Water-miscible organic solvents which should be mentioned are especially 
alcohols such as methanol, ethanol or propanol. The concentration of all the monomers 
together is typically 10 to 60% by weight, preferably 20 to 50% by weight, for example 25 to 
45% by weight, based on the aqueous monomer solution.

25
Acidic monomers may be fully or partly neutralized prior to the polymerization. This can be 
effected, for example, with alkali metal hydroxides, or else with ammonia or amines. The 
polymerization should be performed especially at a pH in the range from 5 to 7.5, preferably 5 to 
7 and, for example, at a pH of 6. The aqueous monomer solution may further comprise various

30 additives, for example defoamers or complexing agents.

To perform the gel polymerization, the aqueous monomer solution is cooled to a temperature of 
less than -HOT, preferably to -5°C to +5°C. The mixture is inertized before, during or after the 
cooling. After the cooling, at least one initiator for the free-radical polymerization, which is

35 soluble in the monomer solution, is added. The initiators may preferably be water-soluble, but 
even initiators which do not have good water solubility are soluble in the monomer solution. The 
initiators may be either thermal initiators or photoinitiators.

In one embodiment, the polymerization is initiated at temperatures of less than +10°C using
40 thermal polymerization initiators. For this purpose, thermal polymerization initiators which can 

initiate the polymerization even at such low temperatures are used. The person skilled in the art 
is aware of such polymerization initiators. Examples include redox initiators or azo initiators
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having an appropriately low temperature for a 10 h half-life. Because of the polymerization 
initiators added, the polymerization starts slowly at low temperatures. As a result of the heat of 
reaction released, the mixture heats up and the polymerization accelerates. The temperature of 
the mixture generally rises up to 80 to 90°C. The polymerization affords a generally solid

5 polymer gel.

In a further embodiment of the gel polymerization, the reaction can be executed with a mixture 
of a redox initiator system and at least one thermal initiator which breaks down only at relatively 
high temperatures. This may, for example, be a water-soluble azo initiator which breaks down

10 within the temperature range from 40eC to 70°C. The polymerization here starts initially at the 
lower temperatures mentioned of less than +10°C, preferably -5°C to +5°C, by virtue of the 
redox initiator system. As a result of the heat of reaction released, the mixture heats up, as a 
result of which the initiator which breaks down to free radicals only at relatively high 
temperatures starts to break down.

15
In a further embodiment, the polymerization can be performed using a combination of a 
photochemical initiator with a thermal initiator. In this case, the polymerization is initiated 
photochemically at low temperatures, and the heat of reaction released ultimately additionally 
triggers the thermal initiators.

20
The gel polymerization is generally effected without stirring. It can preferably be effected 
batchwise, for example in a raw reactor as described by GB 1,054,028. Particularly 
advantageously, it is possible to use conical reactors for this purpose, as described, for 
example, by US 5,633,329 or US 7,619,046 B2.

25 Figure 8 shows a conical reactor which can be used for performance of the gel polymerization. 
This is a vertical tubular reactor (1) which has a diameter D1 and narrows conically (2) at the 
lower end, where the diameter at the end of the conical narrowing is D2. The ratio D1 / D2 is 
generally 2:1 to 25:1, preferably 2:1 to 20:1 and, for example, 3:1 to 10:1. The angle a between 
the wall in the cylindrical section (1) and the wall in the region of the conical narrowing (2) is

30 more than 120° and less than 180°, especially 135° to 175°, preferably 150° to 175° and, for 
example, 155° to 170°. The ratio of height to diameter D1 of the cylindrical section (1) of the 
reactor may be 4 to 40. The capacity of the reactors is chosen by the person skilled in the art 
according to the desired production capacity and may be 1 to 100 m3, for example 5 to 50 m3, 
without any intention that the invention be restricted thereto.

35
The inner surface of the reactor has preferably been provided with a coating to reduce the 
adhesion of the reaction mixture to the reactor wail, for example with a Teflon coating. The 
reactor may optionally be surrounded with a shell for cooling or heating of the reaction mixture.

40 At the lower end, the reactor has a shut-off device (3). The reactor further comprises at least
one feed (4). Through this feed (4), the aqueous monomer solution and/or gases and/or further
components can be passed into the reactor. Gases may especially be inert gases such as
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nitrogen, argon or CO2. inert gases can be used to purge the reactor for inertization. Of course, 
if is also possible for different feeds to be present for different components, for example 
separate feeds for the aqueous reaction solution and gases. The at least one feed (4) may 
preferably be mounted at the top of the reactor or at the side in the upper region of the reactor,

S but other arrangements are of course also possible.

The reactor may of course comprise further components, for example further feeds, for example 
for compressed air or solvents, or discharge apparatuses for the gel, for example movable rams 
arranged within the reactor, as described, for example, by GB 1,054,028.

10

Figure 9 shows a fully conical reactor. It is of similar construction to the partly conical reactor 
just outlined, but does not have any cylindrical section, the diameter being d1 at the upper end 
of the conical reactor and d2 at the lower end. The ratio d1/d2 is generally 1.1:1 to 25:1, 
especially 2:1 to 25:1, preferably 2.1 to 10:1 and, forexample, 3.1 to 10:1. The angle β between

15 the upper diameter d1 and the reactor wall is more than 45° and less than 90°, preferably 60c to 
89°, for example 70° to 88°, For the rest, reference is made to the above description.

The gel polymerization in the fully or partly conical reactors can preferably be performed under 
adiabatic conditions or at least essentially adiabatic conditions. In the case of this procedure,

20 the reactor does not have have any cooling or heating. It will be apparent to the person skilled in 
the art that - according to the internal temperature of the reactor and/or the ambient 
temperature - certain amounts of heat can of course be released or absorbed via the reactor 
wall, but this effect naturally plays an ever smaller role with increasing reactor size.

25 For polymerization, the above-described aqueous monomer mixture is mixed in a suitable 
mixing and cooling apparatus disposed outside the conical reactor, and is cooled to less than 
+10°G, preferably to -5°C to +5eC. This can be effected, for example, in a mixing tank which is 
cooled in a suitable manner, for example by means of circulation cooling. After the monomer 
mixture has been cooled, if is already possible to add initiators which do not yet form any free

30 radicals at the low temperatures, for example at least one of the above-written azo initiators 
which initiate the polymerization only at 40’G to 70°C. However, such initiators can also be 
added only at a later juncture.

The cooled is finally transferred through the feed (4) or another feed into the fully or partly
35 conical reactor. The reactor should be purged with an inert gas before and/or during the filling.

For polymerization, the monomer solution is generally inertized, i.e. freed of any oxygen 
present. This can be effected, for example, by purging the monomer solution with an inert gas 
such as nitrogen, argon or carbon dioxide. This purging can already be effected during the

40 mixing and cooling of the aqueous monomer solution, in a separate apparatus for inertization,
for example the apparatus described in WO 03/066190 A1, or else in the reactor itself.
Preference is given to inertizing upstream of the reactor.
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Polymerization initiators which can trigger the polymerization even at low temperatures are
dissolved separately and added to the aqueous monomer solution only immediately before the
polymerization. This can be effected, for example, by injecting a solution of the initiators into the

5 reactor during the tilling of the reactor with the aqueous monomer solution, or preferably into the 
feed (4) or into the line by which the mixing and cooling apparatus is connected to the reactor. 
For complete mixing of the initiator solution with the aqueous monomer solution, suitable mixing 
units, especially static mixers, may be integrated into the monomer feed. Of course, it is 
possible to add all initiators to the monomer solution in this way.

10

Because of the polymerization initiators added, the polymerization commences at temperatures 
of less than +10°C. The heat of reaction released heats up the mixture, and the polymerization 
accelerates. The temperature of the mixture generally rises to up to 80 to 90°C. The 
polymerization affords a generally solid polymer gel.

15
To withdraw the polymer gel from the reactor, the shut-off device (3) is opened. In general, the 
polymer gel obtained is solid and does not flow out of the reactor without additional measures. If 
the reactor used has mechanical aids, for example a movable ram arranged within the reactor, 
as described by GB 1,054,028, the polymer gel can be expelled using such aids.

20
Preferably, the expulsion of the polymer gel from the fully or partly conical reactor can be 
undertaken using gases. For this purpose, a gas is injected at the top of the tubular reactor via 
the feed (4) or another feed. For this purpose, it is possible to use any gases which cannot react 
with the polymer gel. Advantageously, it is possible for this purpose to inject inert gases such as

25 nitrogen, carbon dioxide or argon via the feed (4), because this feed is already present. It is also 
possible to use other gases, for example compressed air. Alternatively, it is also possible to 
inject an inert liquid, especially a precipitant for the polymer, at the top of the reactor. The 
pressure of the gas or the liquid is selected suitably by the person skilled in the art and may, for 
example, be 2*105 to 65*105 Pa, especially 4*105 to 25*105 Pa. More particularly, it is selected

30 such that the polymer gel is discharged homogeneously from the reactor.

The polymer gel obtained is preferably comminuted and dried. The drying should preferably be 
effected at temperatures below 100°C. To avoid sticking, a suitable separating agent can be 
used for this step. The hydrophobically associating copolymer is obtained in the form of

35 granules or powder.

Since the polymer powder or granules obtained is/are generally used in the form of an aqueous 
solution in the course of the employment at the site of use, the polymer has to be dissolved in 
water on site. This can cause unwanted formation of lumps with the high molecular weight

40 polymers described, in order to avoid this, as early as in the course of synthesis, if is possible to
add an auxiliary which accelerates or improves the dissolution of the dried polymer in wafer to
the inventive polymers. This auxiliary may, for example, be urea.
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The gel polymerization may also be continuous. For this purpose, for example, a polymerization 
apparatus having a conveyor belt to accommodate the mixture to be polymerized can be. The 
conveyor belt may be equipped with devices for heating and/or for irradiation with UV radiation. 
In this method, the mixture is poured on by means of a suitable apparatus at one end of the 
belt, the mixture is polymerized in the course of transport in belt direction, and the solid gel can 
be removed at the other end of the belt.

The copolymers obtained generally have a weight-average molecular weight of 1*10® g/mol 
to 30*106 g/mol, preferably 6*10® g/mol to 25*106 g/mol and, for example, 8*10® g/mol to 
20*10® g/mol.

Preferred copolymers (P)

In a preferred embodiment of the invention, the water-soluble copolymers comprise

• 30 to 99.99% by weight, preferably 35 to 99.9% by weight, more preferably 45 to 
99.5% by weight, of at least one monomer (A),

® 0.01 to 15% by weight, preferably 0.1 to 15% by weight, more preferably 0.5 to 8% by
weight, of at least one macromonomer (B),

» 0 to 69.99% by weight, preferably Q to 64.9% by weight, more preferably 0 to 54.5% 
by weight, of at least one monomer (C),

® 0 to 69.99% by weight, preferably 0 to 64.9% by weight, more preferably 0 to 54.5%
by weight, of at least one monomer (D), and

* 0 to 15% by weight, preferably 0 to 10% by weight, more preferably 0 to 5% by weight, 
of at least one monomer (E),
based in each case on the total amount of all the monomers, with the proviso that the 
total amount of monomers (A) to (E) is 100% by weight.

In other words, no further monomers are present apart from the monomers (A), (B) and 
optionally (C), (D) and (E). Preferably, in this embodiment, no monomers (E) are present.

The monomers (A) to (E), including preferred monomers (A) to (E), have already been 
described.

In a further preferred embodiment of the invention, the copolymer (P) is a copolymer selected 
from the group of copolymer (P1), copolymer (P2), copolymer (P3) and copolymer (P4),
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preferably a copolymer selected from the group of copolymer (P1), (P2) and (P3). The 
copolymers (P1), (P2), (P3) and (P4) are described below.

Copolymer (P1)
5

In a preferred embodiment of the invention, the water-soluble copolymers (P) are water-soluble 
copolymers (P1).

The copolymers (P1) comprise, as monomer (A), (meth)acrylamide, preferably acrylamide.
10

The water-soluble copolymers (P1) comprise, as macromonomers (B), the already described 
mixture of the macromonomers (B1) and (B2), where the molar proportion of the 
macromonomers (B1) is especially 0,3 to 0,95, preferably 0.45 to 0.9, more preferably 0.5 to 0.9 
and, for example, 0.5 to 0.8, based on the sum total of (B1) and (B2).

15 In addition, in the copolymer (P1), in the formulae (I) and (II) of the madromonomers (B1) and 
(B2), the radicals and indices are each defined as follows:

R1: H or methyl,

R2: a divalent linking group -OR35- where R35 is a linear Ι,ω-alkylene group having 1
to 6, preferably 3 to 6 and more preferably 4 carbon atoms,

R3: ethylene groups -CHsCbh-,

R4: independently alkylene groups -CR6(R7)-CRS(R®)-, where the sum total of the
carbon atoms Rs, R7, R8 and Rs is 2 in each case, and where, in at least 
70 mol%, preferably at least 80 mol% and more preferably at least 95 moi% of 
the ~CR6(R7)CR8(R9)~ units, R6, R7 and R8 are each H and R9 is ethyl,

R5 an ethylene group -CH2CH2-, 

a a number from 20 to 28, preferably 23 to 26,

b a number from 10 to 25, preferably 14 to 23, more preferably 14 to 20, most
preferably 14 to 18,

c a number from 0 to 2, preferably 0 to 1.5, and 

d a number from 1.5 to 10, preferably 1.5 to 5.

The copolymers <P1) further comprise, as well as monomers (A) and (B), at least one monomer
(C) comprising -SO3H groups or salts thereof. Examples of such monomers have already been

20 mentioned. Preference is given to vinyisulfonic acid, allylsulfonic acid or 2-acrylamido-2-
methylpropanesulfonic acid; more preferably, monomer (C) is 2-acryiamido-2-
methyipropanesulfonic acid.
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In the copolymers (P1) the amount of the monomers (A) is generally 40 to 60% by weight, 
preferably 45 to 55% by weight, the amount of the monomers (B) is 0.1 to 5% by weight, 
preferably 0.5 to 3% by weight and, for example, 0.8 to 2.5% by weight, and the amount of the 
monomers (C) is 40 to 80% by weight, preferably 45 to 55% by weight, based in each case on

5 the sum total of all the monomers in the water-soluble copolymer (P1). Preferably, the total 
amount of monomers (A), (B) and (C) in the water-soluble copolymer (P1) is 100% by weight.

The copolymers (P1) generally have a weight-average molecular weight Mw of 1*106 g/mol to 
30*10® g/mol, preferably 2*10® g/mol to 16*10® g/mol.

10
Copolymer (P2)

In a further preferred embodiment of the invention, the copolymer (P) is a copolymer (P2).

15 The copolymers (P2) comprise, as monomer (A), (metb)acrylamide, preferably acrylamide.

The water-soluble copolymers (P2) comprise, as macromonomers (B), the already described 
mixture of the macromonomers (B1) and (B2), where the molar proportion of the 
macromonomers (B1) is especially 0.3 to 0.95, preferably 0.45 to 0.9, more preferably 0.5 to 0.9

20 and, for example, 0.5 to 0.8, based on the sum total of (B1) and (B2).

In addition, in the copolymer (P2), in the formulae (I) and (II) of the macromonomers (B1) and 
(B2), the radicals and indices are each as already defined for copolymer (P1), including the 
preferred ranges outlined.

25

The copolymers (P2) further comprise, as well as the monomers (A) and (B), at least one 
monomer (C) comprising COOH groups or salts thereof. Examples of such monomers have 
already been mentioned and include acrylic acid, methacrylic acid, crotonic acid, itaconic acid, 
maleic acid and fumaric acid. Preference is given to (meth)acryiic acid, particular preference to

30 acrylic acid.

In the copolymers (P2), the amount of the monomers (A) is generally 50 to 85% by weight, 
preferably 55 to 80% by weight, the amount of the monomers (B) is 0.1 to 10% by weight, 
preferably 0.5 to 8% by weight and, for example, 0.8 to 5% by weight, and the amount of the

35 monomers (C) is 5 to 45% by weight, preferably 10 to 40% by weight and, for example, 15 to 
30% by weight, based in each case on the sum total of all the monomers in the water-soluble 
copolymer (P2). Preferably, the total amount of monomers (A), (B) and (C) in the water-soluble 
copolymer (P2) is 100% by weight.

40 The copolymers (P2) generally have a weight-average molecular weight Mw of 1*10® g/moi to 
30*10® g/moi, preferably 4*10® g/mol to 22*10® g/mol.
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Copolymer (P3)

In a further preferred embodiment of the invention, the copolymer (P) is a copolymer (P3).

5 The copolymers (P3) comprise, as monomer (A), (meth)acrylamide, preferably acrylamide.
The water-soluble copolymers (P3) comprise, as macromonomers (B), the already described 
mixture of the macromonomers (B1) and (B2), where the molar proportion of the 
macromonomers (B1) is especially 0.3 to 0.95, preferably 0.45 to 0.9, more preferabiy 0.5 to 0.9 
and, for example, 0.5 to 0.8, based on the sum total of (B1) and (B2).

10

In addition, in the copolymer (P3) the radicals and indices in the formulae (I) and (II) of the 
macromonomers (B1) and (B2) are each as already defined for copolymer (P1), including the 
preferred ranges outlined.

15 The copolymers (P3) further comprise, as well as the monomers (A) and (B), at least two
monomers (C), namely at least one monomer (C1) comprising COOH groups or salts thereof, 
and at least one monomer (C2) comprising SO3H groups or salts thereof.

Examples of monomers (C1) have already been mentioned and include acrylic acid, methacrylic
20 acid, crotonic acid, itaconic acid, maleic acid and fumaric acid. Preference is given to 

(meth)acrylic acid, particular preference to acrylic acid.

Examples of monomers (C2) have already been mentioned. Preference is given to vinylsulfonic 
acid, ailylsulfonic acid or 2-acrylamido-2-methylpropanesulfonic acid, and monomer (C2) is

25 more preferably 2-acrylamido~2~methyipropanesulfenic acid.

In the copolymers (P3), the amount of the monomers (A) is generally 30 to 85% by weight, 
preferably 40 to 80% by weight, the amount of the monomers (B) is 0.5 to 10% by weight, 
preferably 0.8 to 5% by weight, the amount of the monomers (C1) is 5 to 40% by weight,

30 preferably 5 to 30% by weight and the amount of the monomers (C2) is 5 to 40% by weight, 
preferably 5 to 30% by weight, based in each case on the sum total of all the monomers in the 
water-soluble copolymer (P). Preferably, the total amount of monomers (A), (B) and (C) in the 
water-soluble copolymer (P2) is 100% by weight.

35 The copolymers (P3) generally have a weight-average molecular weight Mw of 1 *106 g/mol to 
30*10® g/mol, preferabiy 2*106 g/mol to 20*10® g/mol.

Copolymer (P4)

40 In a further preferred embodiment of the invention, the copolymer (P) is a copolymer (P4).

The copolymers (P4) comprise, as monomer (A), (meth)acrylamide, preferably acrylamide.
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The water-soluble copolymers (P4) comprise, as macromonomers (B), the already described 
mixture of the macromonomers (B1) and (B2), where the molar proportion of the 
macromonomers (B1) is especially 0.3 to 0.95, preferably 0.45 to 0.9, more preferably 0.5 to 0.9 
and, for example, 0.5 to 0.8, based on the sum total of (B1) and (B2).

§
In addition, in the case of copolymer (P4), in the formulae (I) and (II) of the macromonomers 
(B1) and (B2), the radicals and indices are each as already defined for copolymer (P1), 
including the preferred ranges outlined.

10 The copolymers (P4) comprise essentially only the monomers (A) and (B). In addition, further 
monomers may be present in small amounts, especially further monomers selected from the 
group of monomers (C), monomers (D) and monomers (E). In one embodiment, the copolymers 
P4 consist of the monomers (A) and (B).

15 In the copolymers (P4), the amount of the monomers (A) is generally 80 to 99.9% by weight, 
preferably 90 to 99.5% by weight, for example 97% by weight to 99.5% by weight, and the 
amount of the monomers (B) 0,1 to 5% by weight, preferably 0.5 to 3% by weight, based in 
each case on the sum total of all the monomers in the water-soluble copolymer (P4). Preferably, 
the total amount of the monomers (A) and (B) in the water-soluble copolymer (P4) is 100% by

20 weight.

The copolymers (P4) generally have a weight-average molecular weight Mw of 1*10® g/mol to 
30*10® g/mol.

25 ^tocess for minerai oil production

To execute the process according the invention, at least one production well and at least one 
injection well are sunk info the mineral oil deposit. In general, a deposit will be provided with a 
plurality of injection wells and with a plurality of production wells. An aqueous formulation of the

30 water-soluble copolymer (P) described is injected into the mineral oil deposit through the at 
least one injection well, and mineral oil is withdrawn from the deposit through at least one 
production well. By virtue of the pressure generated by the aqueous formulation injected, called 
the “polymer flood”, the mineral oil flows in the direction of the production well and is produced 
through the production well. In this context, the term “mineral oil” does not of course just mean a

35 single-phase oil; instead, the term also encompasses the customary crude oil-water emulsions.

According fo the invention, the deposit temperature of the mineral oil deposit in which the 
process according the invention is employed is 20 to 120°C, especially 35°C to 120eC, 
preferably 40°C to 100°C, more preferably 45CC fo 90°C and, for example, 50°C to 80cC.

40
It will be apparent to the person skilled in the art that a mineral oil deposit may also have a 
certain temperature distribution. Said deposit temperature is based on the region of the deposit
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between the injection and production wells, which is covered by the polymer flooding. Means of 
determining the temperature distribution of a mineral oil deposit are known in principle to those 
skilled in the art. The temperature distribution is generally determined from temperature 
measurements at particular points in the formation, in combination with simulation calculations,

5 which also take account of the amounts of heat introduced into the formation and the amounts 
of heat removed from the formation.

The process according the invention can be employed especially in the case of mineral oil 
deposits having an average porosity of 10 mD (9.87*1 O'15 m2) to 4 D (3.95*1 O’12 m2), preferably

10 100 mD (9.87*10-u m2) to 2 D (1.97*10 12 m2) and more preferably 200 mD (1,97*10-13 m2) to 1
D (9.87*10~13 m2). The permeability of a mineral oil formation is reported by the person skilled in 
the art in the unit “darcies" (abbreviated to “D” or “mD" for “miliidarcies”, 1 D ~ 9.86923*1 O’13 m2) 
and can be determined from the flow rate of a liquid phase in the mineral oil formation as a 
function of the pressure differential applied. The flow rate can be determined in core flooding

15 experiments with drill cores removed from the formation. Details of this can be found, for 
example, in K. Weggen, G. Pusch, H. RischmOller in “Oi/and Gas”, pages 37 ff., Uilmann’s 
Encyclopedia of Industrial Chemistry, Online Edition, Wiiey-VCH, Weinheim 20/β If will be 
apparent to a person skilled in the art that the permeability in a mineral oil deposit need not be 
homogeneous; instead, it may generally have a certain distribution and the stated permeability

20 of a mineral oil deposit is accordingly an average permeability.

The process is executed using an aqueous formulation comprising, as well as water, at least the 
copolymer (P) described. It is of course also possible to use mixtures of various hydrophobically 
associating copolymers.

25
The formulation can be made up in freshwater or else in wafer comprising salts. Of course, 
mixtures of various salts may be involved. For example, it is possible to use seawater to make 
up the aqueous formulation, or it is possible to use produced formation water, which is reused in 
this way. In the case of offshore production platforms, the formulation is generally made up in

30 seawater. In onshore production installations, the polymer can advantageously first be dissolved 
in freshwater, and the solution obtained can be diluted to the desired use concentration with 
formation water.

The salts may especially be alkali metal salts and alkaline earth metal salts. Examples of typical
35 cations include Na+, K*, Mg2+ and Ca2+, and examples of typical anions include chloride, 

bromide, hydrogencarbonate, sulfate and borate.

If the formulation comprises salts, generally at least one or more than one alkali metal ion is
present, especially at least Na+. In addition, it is also possible for alkaline earth metal ions to be

40 present, in which case the weight ratio of alkali metal ions/alkaline earth metal ions is generally
> 2, preferably > 3. The anions present are generally at least one or more than one halide ion,
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especially at least Cl·. In general, the amount of Cl· is at least 50% by weight, preferably at least 
80% by weight, based on the sum total of all the anions.

The total amount of all the sate in the aqueous formulation may be up to 350 000 ppm (parts by 
weight) based on the sum total of all the components in the formulation, for example 2000 ppm 
to 350 000 ppm, especially 5000 ppm to 250 000 ppm. If seawater Is used to make up the 
formulation, the salt content may be 2000 ppm to 40 000 ppm, and, if formation water is used, 
the salt content may be 100 000 ppm to 250 000 ppm, for example 100 000 ppm to 
200 000 ppm. The amount of alkaline earth metal ions may preferably be 1000 to 53 000 ppm.

The aqueous formulation may of course comprise further components. Examples of further 
components include biocides, stabilizers, free-radical scavengers, initiators, surfactants, 
cosolvents, bases and complexing agents.

Surfactants and/or bases can be used, for example, to support the oil-removing effect of the 
copolymers (P). Examples of preferred surfactants are disclosed further down. Surfactants can 
also be used to increase the viscosity of the polymer used. For example, it is possible to use the 
surfactants disclosed by WO 2012/089438 A1.
Additives can be used, for example, to prevent unwanted side effects, for example the 
unwanted precipitation of salts, or to stabilize the copolymer (P) used. The polymer formulations 
injected into the formation in the course of polymer flooding flow only very gradually in the 
direction of the production well, meaning that they remain under formation conditions in the 
formation for a prolonged period. Degradation of the polymer results in a decrease in viscosity. 
This either has to be taken into account through the use of a higher amount of polymer, or else 
it has to be accepted that the efficiency of the process will worsen. In any case, the economic 
viability of the process worsens. A multitude of mechanisms may be responsible for the 
degradation of the polymer. By means of suitable additives, it is possible to prevent or at least 
delay the polymer degradation according to the conditions.

In one embodiment of the invention, the aqueous formulation used comprises at least one 
oxygen scavenger. Oxygen scavengers react with oxygen which may possibly be present in the 
aqueous formulation, and thus prevent the oxygen from attacking the polymer. Examples of 
oxygen scavengers include sulfites, for example NasSOs, bisulfites or dithionites.

In a further embodiment of the invention, the aqueous formulation used comprises at least one 
free-radical scavenger. Free-radical scavengers can be used to counteract the degradation of 
the polymer by free radicals. Compounds of this kind can form stable compounds with free 
radlcais. Free-radical scavengers are known in principle to those skilled in the art. For example, 
they may be stabilizers selected from the group of sulfur compounds, sterically hindered 
amines, N-oxides, nitroso compounds, aromatic hydroxyl compounds or ketones. Examples of 
sulfur compounds include thiourea, substituted thioureas such as Ν,Ν'-dimethyithiourea, N,N‘~ 
diethylthiourea, N,N‘-diphenyithiourea, thiocyanates, for example ammonium thiocyanate or
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potassium thiocyanate, tetramethyltbiuram disulfide, and mercaptans such as 2- 
mercaptobenzothiazole or 2-mercaptobenzimidazole or salts thereof, for example the sodium 
salts, sodium dimethyldithiocarbamate, 2,2‘-dithiobis(benzothiazole), 4,4'-thiobis(6-f-butyl-m- 
cresol). Further examples include dicyandiamide, guanidine, cyanamide, paramethoxyphenol,

5 2,6~di-t~butyi-4-methylphenoi, butylhydroxyanisole, 8-hydroxyquinoline, 2,5-di(t-amyl)-
hydroquinone, 5-hydroxy-1,4-naphthoquinone, 2,S~di(i~amyl)hydroquinone, dimedone, propyl 
3,4.5-tri hydroxy benzoate, ammonium N-nitrosophenylhydroxylamine, 4-hydroxy-2,2,6,8- 
ietramethyoxylplperidine, (N-(1,3-dimethylbutyl)~N’~phenyl~p~phenyienediamine and 1,2,2,6,6- 
pentameihyl-4-piperldinol. Preference is given to sferically hindered amines such as 1,2,2,6,6-

10 pentamethyl-4-piperidinol and sulfur compounds, mercapto compounds, especially 2-
mercaptobenzothiazole or 2~mercaptobenzimidazole or salts thereof, for example the sodium 
salts, and particular preference is given to 2-mercaptobenzothlazole or salts thereof.

In a further embodiment of the invention, the aqueous formulation used comprises at least one
15 sacrificial reagent. Sacrificial reagents can react with free radicals and thus render them

harmless. Examples include especially alcohols. Alcohols can be oxidized by free radicals, for 
example to ketones. Examples include monoalcohols and polyalcohols, for example 1-propanol, 
2-propanol, propylene glycol, glycerol, butanediol or pentaerythritol,

20 In a further embodiment of the invention, the aqueous formulation used comprises at least one 
complexing agent. It is of course possible to use mixtures of various complexing agents. 
Complexing agents are generally anionic compounds which can complex especially divalent 
and higher-valency metal ions, for example Mg2+or Ca2+. In this way, if is possible, for example, 
to prevent any unwanted precipitation. In addition, it is possible to prevent any polyvalent metal

25 ions present from crosslinking the polymer by means of acidic groups present, especially COOH 
group. The complexing agents may especially be carboxylic acid or phosphonic acid 
derivatives. Examples of complexing agents include ethylenediaminetetraacetic acid (EDTA), 
ethylenediaminesuccinic acid (EDDS), diethylenetriaminepentamethylenephosphonic acid 
(DTPMP), methylglycinediacetic acid (MGDA) and nitriloacetic acid (NTA). Of course, the

30 corresponding salts of each may also be involved, for example the corresponding sodium salts.

As an alternative to or in addition to the abovementioned chelating agents, it is also possible to 
use polyacrylates.

35 In a further embodiment of the invention, the formulation comprises at least one organic
cosolvent. Preference is given to fully water-miscible solvents, but it is also possible to use only 
partly water-miscible solvents. In general, the solubility should be at least 50 g/l, preferably at 
least 100 g/l. Examples include aliphatic C4 to Ce alcohols, preferably C4 to Ce alcohols, which, 
to attain adequate water solubility, may be substituted by 1 to 5, preferably 1 to 3, ethyleneoxy

40 units. Further examples include aliphatic diols having 2 to 8 carbon atoms, which may optionally 
also have further substitution. For example, the cosolvent may be at least one selected from the 
group of 2-butanoi, 2 methyl-1-propanol, butylglycoi, butyldiglycol and butyltriglycol.
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The concentration of the copolymer in the aqueous formulation is fixed such that the aqueous 
formulation has the desired viscosity for the end use. The viscosity of the formulation should 
generally be at least 5 mPas (measured at 25°C and a shear rate of 7 s-1), preferably at ieast

5 10mPas.

in general, the concentration of the copolymer (P) in the formulation is 0.02 to 2% by weight 
based on the sum total of all the components in the aqueous formulation. The amount is 
preferably 0.05 to 0.5% by weight, more preferably 0.1 to 0.3% by weight and, for example, 0.1

10 to 0.2% by weight.

in a further embodiment, the concentration of the copolymer (P) in the formulation is not more 
than 0.05% by weight used, especially 0.01 % by weight to 0.05% by weight, preferably 0.02% 
by weight to 0,05% by weight.

15
If the copolymer (P) is in the form of a powder or granules, the copolymers have to be dissolved 
in the aqueous medium for injection. Granules may have, for example, an average particle size 
of 0.1 mm to 3 mm. The person skilled in the art is aware that excessive shear stresses should 
be avoided in the dissolution of high molecular weight polymers, in order to avoid degradation of

20 the polymers. Apparatus and processes for dissolving polymers and injecting the aqueous 
solutions into underground formations are known in principle to those skilled in the art.

The aqueous formulation can be produced by initially charging the water, scattering in the 
copolymer in the form of powder or granules and mixing it with the water,

25
In a further embodiment of the invention, the copolymer granules or powder can be dissolved by 
means of a two-stage process. This involves dissolving, in a first dissolution stage, polymer 
granules or powder in an aqueous medium to obtain a concentrate. Such a concentrate may 
have, for example, a concentration of 1% by weight to 3% by weight. This can be done, for

30 example, in appropriate dissolution tanks. In a second stage, the concentrate is diluted to use 
concentration. This can be done by injecting the concentrate directly into the pipeline together 
with the injection fluid. For rapid mixing, a mixer, especially a static mixer, may be disposed 
beyond the injection point. Such a process is disclosed by WO 2012/140092 A1.

35 in a further embodiment of the invention, the dissolution can be effected by moistening the
polymer granules with an aqueous phase in a first step. This causes the polymer to swell in the 
aqueous phase. The concentration of the polymer may, for example, be about 2 to 10% by 
weight, based on the total amount of aqueous phase and polymer. The swollen polymer is 
subsequently comminuted by means of a suitable comminuting apparatus, for example to a size

40 of 0.05 mm to 0.2 mm, and mixed with further water. This gives rise to a polymer dispersion 
which may have, for example, a concentration of 1 to 3% by weight of polymer. The polymer 
dispersion can be dissolved fully in further dissolution tanks, in one variant, dissolution tanks
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can be dispensed with and the polymer dispersion can be injected directly Into the pipeline 
together with the injection fluid, where the polymer dissolves fully on the way to the injection 
site. The latter is advantageous especially when the injection fluid is transported over a certain 
distance in the pipeline, for example from a central dissolution station on the oilfield to various

5 injection wells. Suitable apparatuses for the process outlined are disclosed, for example, WO 
2008 / 071808 A1 and WO 2008/081048 A1.

If the copolymer (P) is already in the form of a solution or inverse emulsion, are optionally mixed 
with further components and diluted to the use concentration. Such a dilution can also be

10 effected in two stages, by first producing a concentrate and then diluting it further. A suitable 
apparatus for this purpose is disclosed, for example, by EP 2 283 915 A1,

The injection of the aqueous formulation can be undertaken by means of customary apparatus. 
The formulation can be injected by means of customary pumps into one or more injection wells.

15 The injection wells have typically been lined with cemented steel tubes, and the steel tubes 
have been perforated at the desired point. The formulation enters the mineral oil formation from 
the injection well through the perforation. The pressure applied by means of the pumps, in a 
manner known in principle, fixes the flow rate of the formulation and hence also the shear stress 
with which the aqueous formulation enters the formation. The shear stress on entry into the

20 formation can be determined by the person skilled in the art in a manner known in principle on 
the basis of the Hagen-Poiseuilie law using the area through which the flow passes on entry into 
the formation, the mean pore radius and the volume flow rate. The average permeability of the 
formation can be determined as described in a manner known in principle. Naturally, the greater 
the volume flow rate of aqueous copolymer formulation injected into the formation, the greater

25 the shear stress.

The rate of injection can be fixed by the person skilled in the art according to the conditions in 
the formation. The shear rate on entry of the aqueous polymer formulation info the formation is 
preferably at least 30 000 S’1, preferably at least 60 000 S’1 and more preferably at least

30 90 000 s1.

In the process according to the invention, what is withdrawn from the production well will 
generally not be single-phase oil but a crude oil/water emulsion. The term “crude oil/water 
emulsion” here shall include both water-in-oil and oil-in-water emulsions. The oil-water

35 emulsions may comprise, for example, 0.1 to 99% by weight of water. The water may be saline 
deposit water. With increasing duration of polymer injection, the water produced may, however, 
also comprise the copolymers injected.

For further processing of the crude oil in the refinery, the crude oil/water emulsion produced has
40 to be separated. For this purpose, it is possible to add demulsifiers in a manner known per se.
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Plants and processes for splitting crude oil emulsions are known to those skilled in the art. The 
emulsion is typically split on site, i.e. while still at the oilfield. This may be a plant installed at a 
production well or a central plant in which the splitting of the crude oil emulsions is undertaken 
for several production wells of an oilfield.

The splitting already proceeds at the temperature of the freshly produced crude oil emulsion at 
such a rate that the emulsion can already be split on the way to the treatment plant. This broken 
emulsion is then separated into pure oil and water, or salt water, in an optionally heated 
separator and possibly with the aid of an electrical field. The separator may comprise plants 
which separate only under the influence of gravity, i.e., for example, settling tanks, or else other 
separators, for example hydrocyclones.

After the separation, the crude oil phase can be transported into the refinery for further 
processing. The aqueous phase removed can preferably be reused for injection.

If the aqueous phase of the oil-water emulsion produced comprises proportions of the 
copolymer injected, the phase separation can be delayed or in the extreme case even 
prevented. It is therefore regularly advisable to at least partly degrade the polymer. This can be 
done by the addition of oxidizing agents fo the aqueous phase. Examples of suitable oxidizing 
agents comprise hydrogen peroxide, persulfates, hypochlorites or chlorites.

Use of preferred copolymers (P)

The nature of the copolymers (P) used for the process according to the invention is guided by 
factors including the deposit temperature and salinity. The person skilled in the art makes a 
suitable selection according to the conditions.

In one embodiment of the invention, copolymers (P1) are used in the process according to the 
invention. Copolymers (P1) are also especially suitable for relatively high salt contents and 
relatively high formation temperatures. They are therefore suitable especially when formation 
water is used to make up the aqueous formulations. Of course, it is also possible to use 
seawater and/or freshwater. The salinity of an aqueous formulation comprising copolymers (P1) 
may, for example, be 2000 ppm to 350 000 ppm, especially 5000 ppm to 250 000 ppm and, for 
example, 100 000 ppm to 200 000 ppm. The amount of alkaline earth metal ions may preferably 
be 1000 fo 53 000 ppm. The deposit temperature may especially be 50°C to 12O'‘C. preferably 
50°C to 100°C and, for example, 5fTC fo 90°C. An advantageous concentration of the 
copolymer (P1) in the aqueous formulation is at least 0.1% by weight, for example 0.15 fo 0.5% 
by weight. It is of course also possible fo use copolymers (P1) under other conditions, especially 
at deposit temperatures of less than 50°C and when using freshwater.

In a further embodiment of the invention, copolymers (P2) are used in the process according to 
the invention. Copolymers (P2) are suitable particularly for salt contents that are not too high.
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They are therefore suitable especially when seawater is used to make up the aqueous 
formulations. It is of course also possible to use freshwater. The salinity of an aqueous 
formulation comprising a copolymer (P2) may, for example, be 2000 ppm to 100 000 ppm, 
especially 2000 ppm to 60 000 ppm and, for example, 30 000 ppm to 40 000 ppm. The deposit 
temperature may especially be 35°C to 90°C, more preferably 35°C to 80°C and, for example, 
40°G to 80°C. An advantageous concentration of the copolymer in the aqueous formulation is at 
least 0,1% by weight, for example 0.15 to 0.5% by weight. Of course, it is also possible to use 
copolymers (P2) under other conditions, especially at deposit temperatures of less than 35C'C 
and when using freshwater.

In a further embodiment of the invention, copolymers (P3) are used in the process according to 
the invention. Copolymers (P3) are especially suitable for moderate salt contents and moderate 
formation temperatures. The salinity of an aqueous formulation comprising a copolymer (P3) 
may, for example, be 5000 ppm to 150 000 ppm, especially 5000 ppm io 100 000 ppm and, for 
example, 30 000 ppm to 80 000 ppm. The deposit temperature may especially be 40°C to 
100°C, preferably 45CC to 90°C and, for example, 45°C to 85CC. An advantageous 
concentration of the copolymer (P3) in the aqueous formulation is at least 0.1 % by weight, for 
example 0.15 to 0.5% by weight. Of course, it is also possible to use copolymers (P3) under 
other conditions, especially at deposit temperatures of less than 50°C and when using 
freshwater.

Alkali-polymer flooding

in one embodiment of the invention, the process according the invention is an alkali-polymer 
flooding operation.

For alkali-polymer flooding, an aqueous formulation comprising, as well as water, at least the 
copolymer (P) described, for example a copolymer (P1), (P2) or (P3), and at least one base is 
used. The pH of the aqueous formulation is generally at least 8, preferably at least 9, especially 
9 to 13, preferably 10 to 12 and, for example, 10.5 to 11.

In principle, it is possible to use any kind of base with which the desired pH can be attained, and 
the person skilled in the art will make a suitable selection. Examples of suitable bases include 
alkali metal hydroxides, for example NaOH or KOH, or alkali metal carbonates, for example 
NasCOs. In addition, the bases may be basic salts, for example alkali metal salts of carboxylic 
acids, phosphoric acid, or especially complexing agents comprising acidic groups in the base 
form, such as EDTANa4.

The addition of a base has the effect that additional mineral oil can be mobilized. Mineral oil 
typically also comprises various carboxylic acids, for example naphthenic acids, which are 
converted to the corresponding salts by the basic formulation. The salts act as naturally 
occurring surfactants and thus support the process of oil removal.
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With regards to further details of the process and of the aqueous formulations used, reference is 
made to the above description. The formulations used for alkali-polymer flooding may be the 
above-described formulations, including the preferred embodiments, with the proviso that the

5 formulation additionally comprises at least one base and has the above-described pH.

In one embodiment of the invention, the formulation used for aikali-polymer flooding additionally 
comprises at least one complexing agent, in this way, it is advantageously possible to prevent 
unwanted precipitation of sparingly soluble salts, especially Ca and Mg salts, when the alkaline

10 aqueous formulation comes into contact with the corresponding metal ions and/or aqueous 
formulations for the process comprising corresponding salts are used. The amount of 
complexing agents is selected by the person skilled in the art. It may, for example, be 0.1 to 4% 
by weight, based on the sum total of all the components of the aqueous formulation.

15 Aika^surfactont-polymer flooding

In a further embodiment of the invention, the process according to the invention is an alkali- 
surfactant-polymer flooding operation.

20 For alkali-surfactant-polymer flooding, an aqueous formulation comprising, as well as water, at 
least the copolymer (P) described, at least one base and at least one surfactant is used. The pH 
of the aqueous formulation is at least 8, preferably at least 9, especially 9 to 13, preferably 10 to 
12 and, for example, 10.5 to 11. Suitable bases have already been mentioned above.

25 The surfactants used may in principle be any surfactants suitable for surfactant flooding.
Surfactants of this kind are known in principle to those skilled in the art. Examples of suitable 
surfactants for surfactant flooding include surfactants comprising sulfate groups, sulfonate 
groups, polyoxyalkylene groups, anionicaily modified polyoxyalkylene groups, betaine groups, 
glucoside groups or amine oxide groups, for example alkylbenzenesulfonates, olefinsulfonates,

30 amidopropyl betaines, alkyl polyglucosides, alkyl polyalkoxylates or alkyl polyalkoxysulfates, 
-sulfonates or -carboxylates. It is possible with preference to use anionic surfactants, optionally 
in combination with nonionic surfactants.

The concentration of the surfactants is generally 0.01% by weight to 2% by weight, preferably
35 0.05 to 1% by weight and, for example, 0.1 to 0.8% by weight, based on the sum total of all the

components of the aqueous formulation.

in a preferred embodiment of the invention, at least one of the surfactants is an anionic 
surfactant of the general formula

R2<O-(R28O)n(R29O)m(R30O)rR25-YM (XII)..

40
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In formula (XII), R24 is an aliphatic, cycloaliphatic and/or aromatic hydrocarbyl group, preferably 
a linear or branched, aliphatic, preferably primary aliphatic hydrocarbyl group having 10 to 36 
carbon atoms, preferably 16 to 36 carbon atoms.

The R28 radicals are each independently butylene groups -GR31(R32)-CR33(R34)- where the R31, 
R32, R33and R34 radicals are each independently H, methyl or ethyl, with the proviso that the 
sum total of the carbon atoms R31, R32, R33 and R34 is 2 in each case, and where, in at least 70 
mol%, preferably at least 80 mol% and more preferably at least 95 mol% of the R28 units, R31, 
R32 and R33 are H and R34 is ethyl.

The R29 radicals are 1,2-propylene groups -Chk-CHiCHs)" and the R3C radicals are ethylene 
groups -CH2-CH2-.

R25 is a single bond or an alkylene group having 2 to 6 carbon atoms, which may optionally also 
be substituted by OH groups.

Y is a group selected from the group of sulfate groups, sulfonate groups, carboxylate groups 
and phosphate groups, preferably sulfate or carboxylate groups, and M is H or a cation, 
especially an alkali metal cation such as Na+.

In the above formula (XII), in addition, n is a number from 0 to 25, m is a number from 0 to 35 
and I is a number from 0 to 50, with the proviso that the sum of n+m-H is 3 to 75, preferably 3 to 
50 and where, in addition,-(R28O)-, ~(R29O)- and ~(R30O)" units are incorporated into the 
surfactant in the sequence shown in formula (XII) to an extent of at least 80 mo!%, preferably at 
least 90 mol%. It will be apparent to the person skilled in the art in the field of alkoxylates that 
the alkoxylation levels n, m and I are averages. They may aiso be rational numbers.

In one embodiment of the invention, the R24 radicals in the surfactants (XII) are linear aliphatic 
hydrocarbyl radicals R24a having 12 to 22 carbon atoms, especially linear hydrocarbyl radicals 
derived from primary fatty alcohols. Radicals derived from fatty alcohols have an even number 
of carbon atoms, and are frequently mixtures of various radicals. For example, there may be a 
mixture of a Cie radical and a Cw radical.

Surfactants (XII) having linear aliphatic R24a radicals may, for example, be alkyl
polyalkoxysulfates of the general formula

R24a-O~(R2SO)m(R30O)iSO3M (XI la)

i.e. n = 0, R25 is a single bond and Y is a sulfate group. In formula (Xlla), m is a number m from
0 to 15 and n is a number from 0 to 15, where the sum of m+l is 3 to 30. Preferably, m is 5 to 15
and n is 0.1 to 15, where the sum of m-H is 5.1 to 25. M is as defined above.
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Surfactants (XII) having linear aliphatic R24a radicals may additionally be alkyl polyalkoxysulfates 
of the general formula
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R243_o-(R28O)n(R29G)m(R30O)iSO3M (Xllb)

i.e. R25 is a single bond and Y is a sulfate group. In formula (Xllb), n is a number from 3 to 15, m 
is a number m from 0 to 15 and n is a number from 0 to 25, where the sum of n+m+l is 3 to 50, 
preferably 3 to 35. Preferably, n is 5 to 15, m is 1 to 15 and I is 1 to 25.

Surfactants (XII) having linear aliphatic R24a radicals may additionally be alkyl polycarboxyiates 
of the general formula

R24a.O-(R2SO)m(R3O)rCH2-CO2M (Xllc)

i.e. n " 0, R25 is a methylene group -GHz- and Y is a carboxylate group. In formula (Xllc), m is a 
number m from 0 to 15 and n is a number from 0 to 15, where the sum of m+l is 3 to 30, 
Preferably, m is 5 to 15 and n is 0.1 to 15, where the sum of m+l is 5.1 to 25. M is as defined 
above.

In a further embodiment of the invention, the R24 radicals in the surfactants (XII) are branched 
aliphatic hydrocarbyi radicals R24fc having 10 to 36 carbon atoms, preferably 12 to 28 carbon 
atoms. The mean branching level of the R24b radicals is generally 0.1 to 3.5, preferably 0.5 to 
3.5, for example 0.9 to 3. The term "branching level” is defined here in a manner known in 
principle as the number of methyl groups in the R24" radical minus 1. The mean branching level 
is the statistical mean of the branching levels of all the radicals.

The branched aliphatic radicals R24b may be R24fc' radicals which derive from Guerbet alcohols. 
Radicals derived from Guerbet alcohols comprise 2-branched radicals of the following general 
formula: C^H2{V+2)+i(CvH2v+i)CH-CH2- (XIII) where v is a number from 3 to 18. Guerbet alcohols 
can be obtained by condensation of monoalcohols in the presence of bases, forming a dimer, 
called the Guerbet alcohol, having twice the number of carbon atoms. As well as the dimers, 
Guerbet alcohols may also obtain radicals of the monomer alcohols and higher condensation 
products.

Surfactants having branched aliphatic R24b' radicals derived from Guerbet alcohols may, for 
example, be alkyl polyalkoxysulfates of the general formula

R24b'.O„(R28O)n(R29O)m(R30O)|SO3M (Xlld)
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i.e. R2S is a single bond and Y is a sulfate group. In formula (Xlld), n is a number from 3 to 15, m 
is a number m from 0 to 15 and n is a number from 0 to 25, where the sum of n+m+l is 3 to 50, 
preferably 3 to 35. Preferably, n is from 5 to 15, m is 1 to 15 and I is 1 to 25.

Surfactants having branched aliphatic R24b' radicals derived from Guerbet alcohols may 
additionally be alkyl polyalkoxycarboxylates of the general formula

R24b.o-(R28O)n(R29O)m(R30O)l-CH2-CO2M (Xhe)

i.e. R25 is a methylene group and Y is a carboxylate group. In formula (Xlle), n is a number from 
0 to 15, m is a number m from 0 to 15 and n is a number from 0 to 25, where the sum of n+m+l 
is 3 to 50, preferably 3 to 35. Preferably, n is from 0 to 15, m is 1 to 15 and I is 2 to 25.

In one embodiment, the branched aliphatic R24b radicals are R24b'‘ radicals having predominantly 
methyl branches. For example, the radicals may be those in which 80% of the branches are 
methyl branches, and which preferably have a branching level of 0.1 to 3,5.

Surfactants having R24b'‘ radicals of this kind may, for example, be alkyl ether sulfates of the 
general formula

R24b"~O-(R29O)m(R30O)!SO3M (XI If)

i.e. n ~ 0, R25 is a single bond and Y is a sulfate group. In formula (XSIf), m is a number m from 0 
to 15 and n is a number from 0 to 15, where the sum of m+l is 3 to 30. Preferably, m is 5 to 15 
and n is 0.1 to 15, where the sum of m+l is 5.1 to 25. M is as defined above. For example, R24‘“ 
may have 16 to 17 aliphatic carbon atoms.

In a further embodiment of the invention, the surfactants are alkyl ether sulfates of the general 
formula

R2®-O-CH2CHR27-(R2sO)m(R3»O)!SO3M (XIV).

In formula (XIV), m is a number m from 0 to 35 and n is a number from 0 to 55, where the sum 
of m+i is 3 to 60. Preferably, m is 5 to 15 and n is 0.1 to 15, where the sum of m+l is 5.1 to 25. 
R26 represents linear or branched aliphatic hydrocarbyl radicals comprising 4 to 22 carbon 
atoms. R27 represents linear aliphatic hydrocarbyl radicals comprising 8 to 22 carbon atoms.

In a further embodiment of the invention, the surfactants are alkylarylsulfonates, for example
alkylbenzenesulfonates. Examples of such surfactants include dodecylbenzenesulfonate and
hexadecylbenzenesulfonate.
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In a further embodiment of the invention, the surfactants are arylaikylsulfonates, for example
phenylalkylsulfonates. Examples of such surfactants include phenyldodecylsulfonate.

in a further embodiment of the invention, the surfactants are paraffinsulfonates, for example 
5 secondary paraffinsulfonate comprising 14 to 17 carbon atoms.

In a further embodiment of the invention, the surfactants are olefinsulfonafes, for example a- 
olefinsulfonates, preferably internal olefinsuifonates having 12 to to 32 carbon atoms. 
Glefinsulfcnates are obtained in a manner known in principle by sulfonating corresponding

10 olefins. Preference is given to internal olefinsulfonates having 12 to 28 carbon atoms, for 
example internal Cis/w-olefinsulfonates, internal Ci9/23”Olefinsuifonates, internal C20/24- 
olefinsulfonates or internal C24/28~olefinsulfonates.

In a further embodiment of the invention, the surfactants are alkyl polyglucosides where the
15 alkyl moiety comprises 8 to 18 aliphatic carbon atoms.

In a further embodiment of the invention, the surfactants are alkyl ethoxylates where the alkyl 
moiety comprises 8 to 38 aliphatic carbon atom and the surfactant has an ethoxylation level of 8 
to 39.

20
With regard to further details of the process and of the aqueous formulations used, reference is 
made to the above description. The formulations used for alkali-surfactant-polymer flooding may 
be the above-described formulations, including the preferred embodiments, with the proviso that 
the formulation additionally comprises at least one base and at least one surfactant, preferably

25 the surfactants just outlined, and has the above-described pH.

In one embodiment of the invention, the formulation used for alkali-surfactant-polymer flooding 
additionally comprises at least one complexing agent. It is advantageously possible in this way 
to avoid unwanted precipitation of sparingly soluble salts, especially Ca and Mg salts, when the

30 alkaline aqueous formulation comes into contact with the corresponding metal ions and/or
aqueous formulations for the process comprising corresponding salts are used. The amount of 
complexing agents is selected by the person skilled in the art. It may, for example, be 0.1 to 4% 
by weight, based on the sum total of all the components of the aqueous formulation.

35 Combined process

The process according to the invention can of course be combined with further process steps.

In one embodiment, the process can be combined with water flooding. In water flooding, water
40 is injected into a mineral oil deposit through at least one injection well and crude oil is withdrawn 

from the deposit through at least one production well. The water may be freshwater or saline
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water, for example seawater or deposit water. After the water flooding, the process according 
the invention for polymer flooding can be employed.

In a further embodiment, the process can also be combined with surfactant flooding. In 
surfactant flooding, an aqueous surfactant solution is injected into a mineral oil deposit through 
at least one injection well and crude oil is withdrawn from the deposit through at least one 
production well. The water may be freshwater or saline water, such as seawater or deposit 
water. The surfactants may be the abovementioned surfactants, including the preferred 
surfactants described. The aqueous surfactant solution may also additionally comprise a base. 
Such a technique is called alkali-surfactant flooding. Possible process sequences are water 
flooding -^surfactant flooding -Apolymer flooding or water flooding ->alkali-surfactant flooding 
->polymer flooding.

Of course, the process according the invention can also be employed several times in 
succession with varying aqueous formulations. For example, it is possible to increase the 
concentration of the polymer in the formulations stepwise. A further combination may comprise, 
as the first step, alkali-surfactant flooding, followed by polymer flooding without surfactant and 
alkali as the second step.

A further embodiment comprises aikali-surfactant-polymer flooding as the first step, followed by 
polymer flooding without surfactant and alkali as the second step.

A further embodiment comprises surfactant-polymer flooding as the first step, followed by 
polymer flooding without surfactant as the second step.

In each of the latter combinations, aqueous formulations having higher salinity can be used in 
the first step than in the second step. Alternatively, both steps can also be conducted with water 
of equal salinity.

A further embodiment comprises the pumping of the aqueous polymer solution in the presence 
of, or in alternation with, gases (e.g. nitrogen, methane, ethane, propane, butane or carbon 
dioxide). This process can optionally be conducted in the presence of surfactants.

invention

The hydrophobically associating copolymers known in the prior art, for example from WO
2010/133527 A2, WO 2012/069477 A1 or WO 2012/069478 A1 have the structure H2OCH-R-
0-(EO)io-i5o(AO)5-isR‘ where EO represents ethoxy groups, AO represents alkoxy groups having
at least 4 carbon atoms, R represents a linking group and R‘ represents H or or a hydrocarbyl
radical having 1 to 30 carbon atoms, meaning that they have a terminal hydrophobic group.
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The inventive copolymers (P) having the macromonomers (B) comprise macromonomers (B2) 
which likewise have a terminal hydrophobic group, and also macromonomers (B1) which 
additionally have a short hydrophilic terminal group. Surprisingly, the short terminal hydrophilic 
group does not impair the association in aqueous solution, but on the contrary actually results in 
an improvement in the properties of the copolymer.

Aqueous solutions of the associative copolymers according to WO 2012/069477 A1 having the 
macromonomers H2C"CH-R~0-(EO)io.i5o(AO)5-i5R' have a characteristic profile of viscosity as a 
function of temperature. Figures 1a and 1b each show the dependence of the viscosity of 
aqueous solutions of various copolymers on temperature, specifically the viscosity of two 
commercial, non-associative copolymers, namely of a copolymer of about 50% by weight of 
acrylamide and about 50% by weight of sodium-ATBS (copolymer V3), ATBS ~ sodium salt of 
2-acrylamido~2-meihylpropanesulfonic acid), of a copolymer of 75 mol% of acrylamide and 
25 mol% of sodium acrylate (copolymer V4), and additionally of an associative copolymer of 
about 50% by weight of acrylamide, about 48% by weight of sodium-ATBS and 2% by weight of 
said macromonomer (copolymer V1). In the case of the two commercial, non-associative 
copolymers, the viscosity decreases with increasing temperature. In the case of the associative 
copolymer, the viscosity of aqueous solutions at first distinctly increases, passes through a 
maximum at about 60eC, and then decreases again.

Aqueous solutions of the associative copolymers according to WO 2012/069477 A1 thus have a 
particularly high viscosity efficiency in the region of 60°C.

In the case of aqueous solutions of the inventive copolymers (P), the viscosity of the solutions 
with increasing temperature at first increases up to a maximum at about 60°C, as in the case of 
the copolymers from WO 2012/069477 A1. As the temperature rises further, the viscosity 
surprisingly, according to the copolymer and salinity, at least does not decrease as significantly 
or even remains more or less constant up to 90°C.

The inventive copolymers (P) thus have, at temperatures above 60°C, a better viscosity 
efficiency than the copolymers known from the prior art and allow more economically viable 
polymer flooding even at higher deposit temperatures.

The following examples are intended to illustrate the invention in detail:

Preparafton of the macromonomers (B);
Abbreviations

HBVE hydroxybutyl vinyl ether, H2C"CH-G-(CH2)<rOH
EO ethylene oxide
BuO butylene oxide (> 85% by weight of butylene 1,2-oxide)
PeO pentene oxide (predominantly pentene 1,2-oxide)
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Macromonomer 1;

Alkoxylation of HBVE with 24.5 EO, followed by 16 BuO, followed by 3.5 EO 
5

Mixture of
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.e[(BuO)0.3(EO)5.8]-H (B1) approx. 60 mol%
H2C=CH-O-(CH2)4-O-(EO)24 5(BuO)i5.6-H (B2) approx. 40 mol%

10 Preparation method:
A 2 I pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.16 mol) of 
hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the 
stirrer was switched on. 1.06 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was

15 evacuated to a pressure of 10-20 mbar, heated up to 65*0 and operated at 65°C and a pressure 
of 10-20 mbar for 70 min. MeOH was distilled off. The vessel was purged three times with N2 
(nitrogen). Thereafter, the vessel was tested for leaks, the pressure was set to 0.5 bar gauge 
(1.5 bar absolute) and the vessel was heated to 120°C. It was decompressed to 1 bar absolute 
and 1126 g (25.6 mol) of ethylene oxide (EO) were metered In up to pmax 3.9 bar absolute and

20 Tm®< 150°C. After 300 g EO had been metered in, the metered addition was stopped (about 3 h 
after the start), and the vessel was left for 30 min and decompressed to 1.3 bar absolute. 
Thereafter, the rest of the EO was metered in. The metered addition of EO including the 
decompression lasted for a total of 10 h.
The mixture was stirred to constant pressure at about 145-150;'C (1 h), cooled to 1OO“C and freed

25 of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 80°C 
under N2. The analysis (OH number, GPC, 1H NMR in CDCIs, 1H NMR in MeOD) confirmed the 
structure HBVE - 22 EO.

A 2 I pressure autoclave with an anchor stirrer was initially charged with 588.6 g (0.543 mol) of
30 HBVE-22 EO, and the stirrer was switched on. Thereafter, 2.39 g of 50% NaOH solution

(0.030 mol of NaOH, 1.19 g of NaOH) were added, a vacuum of <10 mbar was applied, and the 
mixture was heated to 100°C and kept there for 80 min in order to distill off the water. The 
vessel was purged three times with N2. Thereafter, the vessel was tested for leaks, the pressure 
was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127CC and then the

35 pressure was adjusted to 1.6 bar absolute. 59.7 g (1.358 mol) of EO were metered in at 127°C; 
Pmax was 3.9 bar absolute. Establishment of constant pressure was awaited, which took 30 min, 
then the vessel was decompressed to 1.0 bar absolute. 625,5 g (8.688 mol) of BuO (butylene 
oxide) were metered in at 127°C; pm3x was 3.1 bar absolute. An intermediate decompression 
was conducted because of an increase in fill level. The metered addition of BuO was stopped,

40 the mixture was left to react for 1 h until the pressure was constant, and the vessel was
decompressed to 1.0 bar absolute. Thereafter, the metered addition of BuO was continued. Pmax 
was still 3.1 bar (first decompression after 610 g of BuO, total metering time for BuO 8 h
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including break for decompression). After the metered addition of BuO had ended, the mixture 
was left to react for a further 8 h and then heated up to 135°C. The vessel was decompressed 
to 1,6 bar absolute. Thereafter, 83.6 g (1.901 mol) of EO (ethylene oxide) were metered in at 
135°C; pmax was 3.1 bar absolute. After the metered addition of EO had ended, the mixture was

5 left to react for a further 4 h. The mixture was cooled to 100°C, and residual oxide was drawn off 
until the pressure was below 10 mbar for at least 10 min. Then 0.5% water was added at 120°C 
and then drawn off until the pressure was below 10 mbar for at least 10 min. The vacuum was 
broken with N2, and 100 ppm of BHT were added. The dispensing was effected at 80°C under 
N2. The analysis (mass spectrum, GPC, 1H NMR in CDCI3, 1H NMR in MeOD) confirmed the

10 mean composition HBVE - 24,5 EO - 16 BuO - 3,5 EO.

Determination of the amounts of the macromonomers B1 and B2:

The macromonomers (B1) have a secondary, terminal OH group, whereas the macromonomers 
15 (B2) have a primary terminal OH group. They can therefore be distinguished by an analysis by

means of 1H NMR in CDCb in the presence of the shift reagent TAI (trichloroacetyl isocyanate), 
and the ratio of (B1) to (B2) can be determined quantitatively.
Since the enol ether group in HBVE-based products is acid-sensitive and could be hydrolyzed 
under the test conditions and form primary alcohols, which could distort the test result, the ratio

20 of the monomers B1 and B2 was determined by conducting an experiment with butyldigiycol 
(BDG, HaC-iCHsb-Q-CHsCHzO-CHs-CfWH), which is more stable to acid hydrolysis, instead of 
HBVE.

For the determination, BDG was alkoxylated first with 3 equivalents of BuO, followed by 3,5
25 equivalents of EO, under the abovemenlioned conditions. The BDG - 3 BuO intermediate had 

exclusively secondary terminal OH groups. After the alkoxylation with 3.5 EO, 40 mol% of 
secondary alcohol and 60 mol% of primary alcohol were found, and so a portion of the BDG - 
3 BuO intermediates were not ethoxylated at all. The intermediates which have been 
ethoxylated accordingly comprise more than 3,5 equivalents of EO. This result can be explained

30 as follows: the first EO molecule reacts with the sterically congested secondary alcohol and 
forms a sterically less congested and hence more reactive primary alcohol. The next EO 
molecule reacts preferentially with the primary alcohol group already formed and not with the 
secondary alcohol group.

35 Determination of residual amounts of oxide

The value of c was determined by determining the residual content of butylene oxide in each 
reaction mixture after the end of the bufoxylation (i.e. HBVE -> 24.5 EO -9» 16 BuO) and after 
the end of the second ethoxylatton (i.e. HBVE 24.5 EO 16 BuO -> 3.5 EO).

In the case of HBVE -> 24.5 EO ->16 BuO, the method was conducted up to the end of the 
metered addition of BuO, including the further reaction for 8 h, and the subsequent ethoxylatton

40
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was omitted. The batch was weighed, then vacuum (<10 mbar) was applied at 100eC for 2 h 
and the batch was weighed again. About 8000 ppm of volatile component was removed, which 
was identified by GC headspace as butylene 1,2-oxide.

5 In the case of HBVE 24.5 EQ -> 18 BuO "9* 3.5 EQ, the batch was weighed in an analogous 
manner after the last ethoxyiation, including the further reaction time, then vacuum (<10 mbar) 
was applied at 100°C for 2 h and the batch was weighed again. About 1500 ppm of volatile 
component was removed, which was identified by GC headspace as butylene 1,2-oxide.

10 Thus, about 4500 ppm of BuO was incorporated into the macromonomer during the final
ethoxyiation, and so the terminal EO blocks of the macromonomers B1 comprise small amounts 
of BuO. From the amounts, a value of c of about 0.3 is calculated.

Macromonomer 1a:
15

Alkoxylation of HBVE with 24.5 EO, followed by 16 BuO, followed by 3.5 EO

The procedure was as for macromonomer 1, except that butoxylation and ethoxyiation were 
effected at a pressure of up to 6 bar.

20
A 2 I pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.16 mol) of 
hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the 
stirrer was switched on. 1.06 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was

25 evacuated to a pressure of 10-20 mbar, heated up to 65°C and operated at 85°C and a pressure 
of 10-20 mbar for 70 min. MeOH was distilled off. The vessel was purged three times with N? 
(nitrogen). Thereafter, the vessel was tested for leaks, the pressure was set to 0.5 bar gauge 
(1.5 bar absolute) and the vessel was heated to 120°C. It was decompressed to 1 bar absolute 
and 1126 g (25.8 mol) of ethylene oxide (EO) were metered in up to pmax 3.9 bar absolute and

30 Tmax 150°C. After 300 g EO had been metered in, the metered addition was stopped (about 3 h 
after the start), and the vessel was left for 30 min and decompressed to 1.3 bar absolute. 
Thereafter, the rest of the EO was metered in. The metered addition of EO including the 
decompression lasted for a total of 10 h.
The mixture was stirred to constant pressure at about 145-150°C (1 h), cooled to 100°C and freed

35 of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 80°C 
under N2. The analysis (OH number, GPC, 1H NMR in CDCh, 1H NMR in MeOD) confirmed the 
structure HBVE-22 EO.

A 2 I pressure autoclave with an anchor stirrer was initially charged with 588.8 g (0.525 mol) of
40 HBVE-22 EO, and the stirrer was switched on. Thereafter, 2.31 g of 50% NaOH solution

(0,029 mol of NaOH, 1.16 g of NaOH) were added, a vacuum of <10 mbar was applied, and the 
mixture was heated to 100°C and kept there for 80 min in order to distill off the water. The
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vessel was purged three times with N2. Thereafter, the vessel was tested for teaks, the pressure 
was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127°C and then the 
pressure was adjusted to 3 bar absolute. 57.7 g (1.311 mol) of EO were metered in at 127°C; 
Pmax was 6 bar absolute. Establishment of constant pressure was awaited, which took 30 min,

5 then the vessel was decompressed to 4.0 bar absolute. 604.2 g (8.392 mol) of BuO (butylene 
oxide) were metered in at 127°C; pmax was 6 bar absolute. An intermediate decompression was 
conducted because of an increase in fill level. The metered addition of BuO was stopped, the 
mixture was left to react for 1 h until the pressure was constant, and the vessel was 
decompressed to 4.0 bar absolute. Thereafter, the metered addition of BuO was continued. Pmax

10 was still 6 bar (first decompression after 505 g of BuO, total metering time for BuO 11 h
including break for decompression). After the metered addition of BuO had ended, the mixture 
was left to react at 127°C for a further 6 h. The vessel was decompressed to 4 bar absolute. 
Thereafter, 80.8 g (1.836 mol) of EO (ethylene oxide) were metered in at 127°C; pmax was 6 bar 
absolute. After the metered addition of EO had ended, the mixture was left to react for a further

15 4 h. The mixture was cooled to 100°C, and residual oxide was drawn off until the pressure was
below 10 mbar for at least 10 min. About 1400 ppm of volatile components were removed. Then 
0.5% water was added at 120°C and then drawn off until the pressure was below 10 mbar for at 
ieast 10 min. The vacuum was broken with N2, and 100 ppm of BHT were added. The 
dispensing was effected at 80°C under N2. The analysis (mass spectrum, GPC, 1H NMR in

20 CDCL, 1H NMR in MeOD) confirmed the mean composition HBVE - 24.5 EO - 16 BuO - 3.5 EO.

Macromonomer 1 b:

Alkoxylation of HBVE with 24.5 EO, followed by 16 BuO, followed by 3.5 EO
25

The procedure was as for macromonomer 1, except that butoxylafion was effected at a 
pressure of 0.3 up to 2 bar absolute.

A 2 i pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.16 mol) of
30 hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the 

stirrer was switched on. 1.08 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was 
evacuated to a pressure of 10-20 mbar, heated up to 65°C and operated at 65°C and a pressure 
of 10-20 mbar for 70 min. MeOH was distilled off. The vessel was purged three times with N2

35 (nitrogen). Thereafter, the vessel was tested for leaks, the pressure was set to 0.5 bar gauge 
(1.5 bar absolute) and the vessel was heated to 120°C. It was decompressed to 1 bar absolute 
and 1126 g (25.6 mol) of ethylene oxide (EO) were metered in up to p™» 3.9 bar absolute and 
Tmax 150°C. After 300 g EO had been metered in, the metered addition was stopped (about 3 h 
after the start), and the vessel was left for 30 min and decompressed to 1.3 bar absolute.

40 Thereafter, the rest of the EO was metered in. The metered addition of EO including the 
decompression lasted for a total of 10 h.
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The mixture was stirred to constant pressure at about 145-150°C (1 h), cooled to 100°C and freed 
of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 80°C 
under N2. The analysis (OH number, GPC, 1H NMR in 00α3, 1H NMR in MeOD) confirmed the 
structure HBVE - 22 EO.

A 2 I pressure autoclave with an anchor stirrer was initially charged with 568.6 g (0.525 mol) of 
HBVE-22 EO, and the stirrer was switched on. Thereafter, 2.31 g of 50% NaOH solution 
(0.029 mol of NaOH, 1.16 g of NaOH) were added, a vacuum of <10 mbar was applied, and the 
mixture was heated to 100°C and kept there for 80 min in order to distill off the water. The 
vessel was purged three times with N2. Thereafter, the vessel was tested for leaks, the pressure 
was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127°C and then the 
pressure was adjusted to 3 bar absolute. 57,7 g (1.311 mol) of EO were metered in at 127°G; 
pmax was 6 bar absolute. Establishment of constant pressure was awaited, which took 30 min, 
then the vessel was decompressed to 1.0 bar absolute. Vacuum was applied and the pressure 
was lowered to 0.3 bar absolute, 604.2 g (8.392 mol) of BuO (butylene oxide) were metered in 
at 127°C; pmax was 2 bar absolute. There was no need for any intermediate decompression 
because of an increase in fill level (metered addition of BuO took about 14 h). After the metered 
addition of BuO had ended, the mixture was left to react at 127°C for a further 5 h. N2 was 
injected and a pressure of 3 bar absolute was established. Thereafter, 80.8 g (1.836 mol) of EO 
(ethylene oxide) were metered in at 127°C; pmax was 6 bar absolute. After the metered addition 
of EO had ended, the mixture was left to react for a further 4 h. The mixture was cooled to 
100°C, and residual oxide was drawn off until the pressure was below 10 mbar for at least 10 
min. About 1400 ppm of volatile components were removed. Then 0.5% water was added at 
120°C and then drawn off until the pressure was below 10 mbar for at least 10 min. The vacuum 
was broken with N2, and 100 ppm of BHT were added. The dispensing was effected at 80°C 
under N2, The analysis (mass spectrum, GPC, 1H NMR in CDCh, 1H NMR in MeOD) confirmed 
the mean composition HBVE - 24.5 EO - 16 BuO - 3.5 EO.

Macromonomer 2:

Alkoxylation of HBVE with 24.5 EO, followed by 16 BuO, followed by 5 EO

Mixture of
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.8 [(BuO)o,3 (EO)77]-H approx, 65 mol% 
H2C=CH-O-(CH2)4-O-(EQ)24.5(BuO)15.8-H approx. 35 mol%

Preparation method:

A 2 I pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.16 mol) of 
hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the 
stirrer was switched on. 1,06 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was
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evacuated to a pressure of 10-20 mbar, heated up to 65°C and operated at 65°C and a pressure 
of 10-20 mbar for 70 min. MeOH was distilled off. The vessel was purged three times with N2 
(nitrogen). Thereafter, the vessel was tested for leaks, the pressure was set to 0.5 bar gauge 
(1.5 bar absolute) and the vessel was heated to 120°C. It was decompressed to 1 bar absolute 
and 1126 g (25.6 mol) of ethylene oxide (EO) were metered in up to pmax 3.9 bar absolute and 
Tmax 150°C. After 300 g EO had been metered in, the metered addition was stopped (about 3 h 
after the start), and the vessel was left for 30 min and decompressed to 1.3 bar absolute. 
Thereafter, the rest of the EO was metered in. The metered addition of EO including the 
decompression lasted for a total of 10 h.

The mixture was stirred to constant pressure at about 145 to 150°C (1 b), cooled to 100°C and 
freed of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 
80°C under N2. The analysis (OH number, GPC, 1H NMR in GDCIs, 1H NMR in MeOD) confirmed 
the structure HBVE - 22 EO.

A 2 I pressure autoclave with an anchor stirrer was initially charged with 566.4 g (0.522 mol) of 
HBVE-22 EO, and the stirrer was switched on. Thereafter, 2.30 g of 50% NaOH solution 
(0.029 mol of NaOH, 1.15 g of NaOH) were added, a vacuum of <10 mbar was applied, and the 
mixture was heated to 100°C and kept there for 80 min in order to distill off the water. The 
vessel was purged three times with N2. Thereafter, the vessel was tested for leaks, the pressure 
was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127°C and then the 
pressure was adjusted to 1.1 bar absolute. 57.5 g (1.306 mol) of EO were metered in at 127°C; 
Pmax was 3.9 bar absolute. Establishment of constant pressure was awaited, which took 30 min, 
then the vessel was decompressed to 1.0 bar absolute. 601.7 g (8.357 mol) of BuO (butylene 
oxide) were metered in at 127°C; pmax was 3.1 bar absolute. An intermediate decompression 
was conducted because of an increase in fill level. The metered addition of BuO was stopped, 
the mixture was left to react for 1 h until the pressure was constant, and the vessel was 
decompressed to 1.0 bar absolute. Thereafter, the metered addition of BuO was continued. Pmax 
was still 3.1 bar (first decompression after 450 g of BuO, total metering time for BuO 8 h 
including break for decompression). After the metered addition of BuO had ended, the mixture 
was left to react for a further 8 h and then heated up to 135°C. The vessel was decompressed 
to 1.6 bar absolute. Thereafter, 114.9 g (2.612 mol) of EO (ethylene oxide) were metered in at 
135°C; pmax was 3.1 bar absolute. After the metered addition of EO had ended, the mixture was 
left to react for a further 5 h. The mixture was cooled to 1G0°C, and residual oxide was drawn off 
until the pressure was below 10 mbar for at least 10 min. Then 0.5% water was added at 120°C 
and then drawn off until the pressure was below 10 mbar for at least 10 min. The vacuum was 
broken with N2, and 100 ppm of BHT were added. The dispensing was effected at 80°C under 
N2. The analysis (mass spectrum, GPC, 1H NMR in CDGh, 1H NMR in MeOD) confirmed the 
mean composition HBVE - 24.5 EO - 16 BuO - 5 EO.

The amounts of the macromonomers B1 and B2 and value of c were determined analogously to 
the procedure for macromonomer 1. Thus, in after the butoxylation HBVE 24.5 EO
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■■■>16 BuO, about 6000 ppm of volatile components are found, which were identified as butene 
1,2-oxide, After addition of 5 eq of EO, the proportion of volatile components was lowered to 
about 1200 ppm. From this, a value for c of about 0.3 is calculated.

Macromonomer 3:

Alkoxylation of HBVE with 22 EO, followed by 10 PeO, followed by 2.5 EO

Mixture of
H2C=CH-O-(CH2)4-O-(EO)22(PeO)8.?[(PeO)0.2(EO)5.5]-H approx. 45 mol% 
H2C=CH-O-(CH2)4-O-(EO)22(PeO)9.7H approx. 55 mol%

Preparation method:

Preparation method:

A 2 I pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.16 mol) of 
hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the 
stirrer was switched on. 1.06 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was 
evacuated to a pressure of 10-20 mbar, heated up to 65°C and operated at 65°C and a pressure 
of 10-20 mbar for 70 min. MeOH was distilled off. The vessel was purged three times with N2 
(nitrogen). Thereafter, the vessel was tested for leaks, the pressure was set to 0.5 bar gauge 
(1.5 bar absolute) and the vessel was heated to 120°C. It was decompressed to 1 bar absolute 
and 1126 g (25.6 mol) of ethylene oxide (EO) were metered in up to pmax 3.9 bar absolute and 
Tmax 150°C. After 300 g EO had been metered in, the metered addition was stopped (about 3 h 
after the start), and the vessel was left for 30 min and decompressed to 1.3 bar absolute. 
Thereafter, the rest of the EO was metered in. The metered addition of EO including the 
decompression lasted for a total of 10 h.

The mixture was stirred to constant pressure at about 145-150°C (1 h), cooled to 100°C and freed 
of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 80°C 
under N2. The analysis (OH number, GPC, 1H NMR in CDCb, 1H NMR in MeOD) confirmed the 
structure HBVE - 22 EO.

A 2 I pressure autoclave with an anchor stirrer was initially charged with 713.6 g (0.658 mol) of 
HBVE-22 EO, and the stirrer was switched on. Thereafter, 2.89 g of 50% NaOH solution 
(0.036 mol of NaOH, 1.45 g of NaOH) were added, a vacuum of <10 mbar was applied, and the 
mixture was heated to 100°C and kept there for 80 min in order to distill off the water. The 
vessel was purged three times with N2. Thereafter, the vessel was tested for leaks, the pressure 
was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127°C and then the 
pressure was adjusted to 1.1 bar absolute. 566,1 g (6.583 mol) of PeO (pentene oxide) were
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metered in at 127°C; pmax was 2.1 bar absolute. An intermediate decompression was conducted 
because of an increase in fill level. The metered addition of PeO was stopped, the mixture was 
left to react for 1 h until the pressure was constant, and the vessel was decompressed to 
1.0 bar absolute. Thereafter, the metered addition of PeO was continued. Pm8x was still 2.1 bar

5 (first decompression after 310 g of PeO, total metering time for PeO 6.5 h including break for 

decompression). After the metered addition of PeO had ended, the mixture was left to react for 
a further 2 h and then heated up to 135°C. The vessel was decompressed to 1.6 bar absolute. 
Thereafter, 72.4 g (1.646 mol) of EO (ethylene oxide) were metered in at 135°C; pmax was 
3.1 bar absolute. After the metered addition of EO had ended, the mixture was left to react for a

10 further 5 h. The mixture was cooled to 100°C, and residual oxide was drawn off until the 
pressure was below 10 mbar for at least 10 min. Then 0.5% water was added at 120°C and 
then drawn off until the pressure was below 10 mbar for at least 10 min. The vacuum was 
broken with N2, and 100 ppm of BHT were added. The dispensing was effected at 80°C under 
Ns. The analysis (mass spectrum, GPC, 1H NMR in CDCIs, 1H NMR in MeOD) confirmed the

15 mean composition HBVE -> 22 EO -> 10 PeO ”>2.5 EO.

The amounts of the macromonomers B1 and B2 and value of c were determined analogously to 
the procedure for macromonomer 1. Thus, in the case of HBVE -> 22 EO 10 PeO, about 
12 000 ppm of volatile components are found, which were identified as pentene 1,2-oxide, After

20 addition of 2.5 eq of EO, the proportion of volatile components was lowered to about 9000 ppm. 
From this, a value for c of about 0.2 is calculated.

Macromonomer 4:

25 Alkoxylation of HBVE with 22 EO, followed by 10 PeO, followed by 9 EO

Mixture of
H2C=CH-O-(CH2)4-O-(EO)22(PeO)9.7[(PeO)0.i(EO)i23-H approx. 75 mol%
H2C=CH-O-(CH2)4-O-(EO)22(PeO)9.7-H approx. 25 mol%

30

Preparation method:

A 2 I pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.16 mol) of
35 hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the 

stirrer was switched on. 1.06 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was 
evacuated to a pressure of 10-20 mbar, heated up to 65°C and operated at 65°C and a pressure 
of 10-20 mbar °C for 70 min. MeOH was distilled off. The vessel was purged three times with Ns

40 (nitrogen). Thereafter, the vessel was tested for leaks, the pressure was set to 0.5 bar gauge
(1.5 bar absolute) and the vessel was heated to 120cC. it was decompressed to 1 bar absolute
and 1126 g (25.6 mol) of ethylene oxide (EO) were metered in up to pmax 3.9 bar absolute and
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Tmax 150°C. After 300 g EO had been metered in, the metered addition was stopped (about 3 h 
after the start), and the vessel was left for 30 min and decompressed to 1.3 bar absolute. 
Thereafter, the rest of the EO was metered in. The metered addition of EO including the 
decompression lasted for a total of 10 h.
The mixture was stirred to constant pressure at about 145-150°C (1 h), cooled to 100°C and freed 
of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 80°C 
under N2. The analysis (OH number, GPC, 1H NMR in CDCI3, 1H NMR in MeOD) confirmed the 
structure HBVE - 22 EO.

A 2 I pressure autoclave with an anchor stirrer was initially charged with 611.5 g (0.564 moi) of 
HBVE-22 EO, and the stirrer was switched on. Thereafter, 2.48 g of 50% NaOH solution 
(0.031 mol of NaOH, 1.24 g of NaOH) were added, a vacuum of <10 mbar was applied, and the 
mixture was heated to 100°C and kept there for 80 min in order to distill off the water. The 
vessel was purged three times with N2. Thereafter, the vessel was tested for leaks, the pressure 
was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127°C and then the 
pressure was adjusted to 1.1 bar absolute. 485.1 g (5.641 mol) of PeO (pentene oxide) were 
metered in at 127°Ο; pmax was 2.1 bar absolute. An intermediate decompression was conducted 
because of an increase in fill level. The metered addition of PeO was stopped, the mixture was 
left to react for 1 h until the pressure was constant, and the vessel was decompressed to 1.0 
bar absolute. Thereafter, the metered addition of PeO was continued. Pmax was still 2.1 bar (first 
decompression after 360 g of PeO, total metering time for PeO 9 h including break for 
decompression). After the metered addition of PeO had ended, the mixture was left to react for 
a further 9 h and then heated up to 135°C. The vessel was decompressed io 1.6 bar absolute. 
Thereafter, 223.4 g (5.077 mol) of EO (ethylene oxide) were metered in at 135°C; pmax was 
3.1 bar absolute. After the metered addition of EO had ended, the mixture was left to react for a 
further 5 h. The mixture was cooled to 100°C, and residual oxide was drawn off until the 
pressure was below 10 mbar for at least 10 min. Then 0.5% water was added at 120°C and 
then drawn off until the pressure was below 10 mbar for at least 10 min. The vacuum was 
broken with N2> and 100 ppm of BHT were added. The dispensing was effected at 80°C under 
N2. The analysis (mass spectrum, GPC, 1H NMR in CDCh, 1H NMR in MeOD) confirmed the 
structure HBVE - 22 EO - 10 PeO - 9 EO.

The amounts of the macromonomers B1 and B2 and value of c were determined analogously to 
the procedure for macromonomer 1. Thus, in the case of HBVE - 22 EO - 10 PeO, about 
12 000 ppm of volatile components are found, which were identified as pentene 1,2-oxide. After 
addition of 9 eq of EO, the proportion of volatile components was lowered to about 6000 ppm. 
From this, a value for c of about 0.1 is calculated.

Macromonomer V1:

Alkoxylation of HBVE with 22 EO, followed by 10 PeO
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H2C=CH-O-(CH2)4-O-(EO)22(PeO)s.7~H 100%

A 2 I pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.18 mol) of 
hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the

5 stirrer was switched on. 1.06 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was 
evacuated to a pressure of 10-20 mbar, heated up to 65°C and operated at 65°C and a pressure 
of 10-20 mbar for 70 min. MeOH was distilled off.
The vessel was purged three times with N2 (nitrogen). Thereafter, the vessel was tested for leaks,

10 the pressure was set to 0,5 bar gauge (1.5 bar absolute) and the vessel was heated to 120°C. If 
was decompressed to 1 bar absolute and 1126 g (25.6 mol) of ethylene oxide (EO) were metered 
in up to pmax 3.9 bar absolute and Tmax 150°C. After 300 g EO had been metered in, the metered 
addition was stopped (about 3 h after the start), and the vessel was left for 30 min and 
decompressed to 1.3 bar absolute. Thereafter, the rest of the EO was metered in. The metered

15 addition of EO including the decompression lasted for a total of 10 h.
The mixture was stirred to constant pressure at about 145-15O°C (1 h), cooled to 100°C and freed 
of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 80°C 
under N2.
The analysis (OH number, GPC, 1H NMR in CDCU, 1H NMR in MeOD) confirmed the structure

20 HBVE - 22 EO.
A 2 I pressure autoclave with an anchor stirrer was initially charged with 744.5 g (0.6868 mol) of 
HBVE-22 EO, and the stirrer was switched on, Thereafter, 5.33 g of 32% NaOMe (sodium 
methoxide) solution (0.0316 mol of NaOMe, 1.71 g of NaOMe) in methanol were added, a 
vacuum of <10 mbar was applied, and the mixture was heated to 100°C and kept there for 80

25 min in order io distill off the methanol.

The vessel was purged three times with N2. Thereafter, the vessel was tested for leaks, the 
pressure was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127°C and then 
the pressure was adjusted to 1.1 bar absolute. 590.6 g (8.888 mol) of PeO were metered in at

30 127°C; pmax was 2.1 bar absolute. An intermediate decompression became necessary because
of an increase in fill level. The metered addition of PeO was stopped, the mixture was left to 
react for 1 h untii the pressure was constant, and the vessel was decompressed to 1.0 bar 
absolute. Thereafter, the metered addition of PeO was continued. Pmax was still 2.1 bar (first 
decompression after about 400 g of PeO, total metering time for PeO 7 h including break for

35 decompression). After the metered addition of PeO had ended, the mixture was left to react 
further to constant pressure or for 3 h. The mixture was cooled to 110°C, and residual oxide 
was removed under reduced pressure until the pressure was below 10 mbar for at least 60 min. 
Then 0.5% water was added at 110°C and then drawn off until the pressure was below 10 mbar 
for at least 80 min. Thus, for HBVE - 22 EO - 10 PeO, a total of about 12 000 ppm of volatile

40 fractions was found, which were identified as pentene 1,2-oxide and removed. The vacuum was
broken with N2, and 100 ppm of BHT were added. The dispensing was effected at 80°C under
N2.
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The analysis (mass spectrum, GPC, 1H NMR in CDCIs, 1H NMR in MeOD) confirmed the 
structure.

Macromonomer V2:
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Alkoxylation of HBVE with 24.5 EO, followed by 16 BuO
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO515.8-H 100%

A 2 I pressure autoclave with an anchor stirrer was initially charged with 135.3 g (1.16 mol) of 
hydroxybutyl vinyl ether (HBVE) (stabilized with 100 ppm of potassium hydroxide (KOH)), and the 
stirrer was switched on. 1.06 g of potassium methoxide (KOMe) solution (32 % KOMe in methanol 
(MeOH), corresponding to 0.0048 mol of potassium) were run in and the stirred vessel was 
evacuated to a pressure of 10-20 mbar, heated up to 65°C and operated at 65°C and a pressure 
of 10-20 mbar for 70 min. MeOH was distilled off. The vessel was purged three times with N2 
(nitrogen). Thereafter, the vessel was tested for leaks, the pressure was set to 0.5 bar gauge 
(1.5 bar absolute) and the vessel was heated to 120°C. It was decompressed to 1 bar absolute 
and 1126 g (25.6 mol) of ethylene oxide (EO) were metered in up to pmax 3.9 bar absolute and 
Tmax 150°C. After 300 g EO had been metered in, the metered addition was stopped (about 3 h 
after the start), and the vessel was left for 30 min and decompressed to 1.3 bar absolute. 
Thereafter, the rest of the EO was metered in. The metered addition of EO including the 
decompression lasted for a total of 10 h.
The mixture was stirred to constant pressure at about 145~150°C (1 h), cooled to 100°C and freed 
of low boilers at a pressure of less than 10 mbar for 1 h. The material was dispensed at 80°C 
under N2, The analysis (OH number, GPC, 1H NMR in CDC!3, 1H NMR in MeOD) confirmed the 
structure HBVE - 22 EO.

A 2 I pressure autoclave with an anchor stirrer was initially charged with 588.6 g (0.543 mol) of 
HBVE-22 EO, and the stirrer was switched on. Thereafter, 2.39 g of 50% NaOH solution 
(0.030 mol of NaOH, 1.19 g of NaOH) were added, a vacuum of <10 mbar was applied, and the 
mixture was heated to 100°C and kept there for 80 min in order to distill off the water. The 
vessel was purged three times with N2. Thereafter, the vessel was tested for leaks, the pressure 
was set to 0.5 bar gauge (1.5 bar absolute), the vessel was heated to 127°C and then the 
pressure was adjusted to 1.6 bar absolute. 59.7 g (1.358 mol) of EO were metered in at 127°C; 
Pmax was 3.9 bar absolute. Establishment of constant pressure was awaited, which took 30 min, 
then the vessel was decompressed to 1.0 bar absolute, 625.5 g (8.688 moi) of BuO (butylene 
oxide) were metered in at 127°C; pmax was 2.1 bar absolute. Three intermediate 
decompressions were conducted because of an increase in fill level. The metered addition of 
BuO was stopped, the mixture was left to react for 1 h until the pressure was constant, and the 
vessel was decompressed to 1.0 bar absolute. Thereafter, the metered addition of BuO was 
continued. Pmax was still 3.1 bar (first decompression after about 300 g of BuO, second 
decompression after about 500 g of BuO, total metering time for BuO about 24 h including 
break for decompression). After the metered addition of BuO had ended, the mixture was left to
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react for a further 4 h. The mixture was cooled to 100°C and decompressed to 1 bar absolute. 
Residual oxide was drawn off until the pressure was below 10 mbarfor at least 2 h. Then 0.5% 
water was added at 120°C and then drawn off until the pressure was below 10 mbar for at least 
10 min. The vacuum was broken with N2, and 100 ppm of BHT were added. The dispensing

5 was effected at 80°C under N2, The analysis (mass spectrum, GPC, 1H NMR in CDCh, 1H NMR 
in MeOD) confirmed the mean composition HBVE - 24.5 EO -16 BuO.
In the case of after the butoxylation HBVE -> 24.5 EO ->16 BuO, about 6000 ppm of volatile 
components are found, which were identified as butene 1,2~oxide. These were removed, and so 
HBVE - 24.5 EO - 15.8 BuO was ultimately present.

10
Macromonomer V3:

Alkoxylation of HBVE with 22 EO, followed by 12 PeO 
H2C=CH-O-(CH2)4-O-(EO)22(PeO)i2-H 100%

15
The procedure for macromonomer V1 was followed, except that a different amount of PeO was 
used.
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Preparation of (he sofiplymefs (R);

The copolymers were prepared by means of adiabatic gel polymerization in aqueous solution.

6 Copolymer 1:

Copolymer of 50% by weight of acrylamide, 48% by weight of Na-ATBS (sodium salt of 2- 
acrylamido-2-methylpropanesiilfonic acid) and 2% of macromonomer 1

10 Macromonomer 1:
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.8[(BuO)0.3(EO)5.8]-H (B1) approx, 60 mol% 

H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i58-H (B2) approx, 40 moi%

Preparation method:
15 A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with

146.5 g of a 50% aqueous solution of Na-ATBS, and then the following were added 
successively: 105.8 g of distilled water, 0.4 g of a commercial silicone-based defoamer (Dow 
Coming® Antifoam Emulsion RD), 2.8 g of macromonomers 2, 138.2 g of acrylamide (50% 
solution in water), 1.2 g of a 5% aqueous solution of diethylenetriaminepentaacetic acid,

20 pentasodium salt and 3.0 g of the nonionic surfactant iCi3-(EO)isH.

After adjustment to pH 6 with a 20% or 2% sulfuric acid solution and addition of the rest of the 
water to attain the desired monomer concentration of 37% by weight (total amount of water 
minus the amount of water already added, minus the amount of acid required), the monomer

25 solution was adjusted to the initiation temperature of 4°C. The solution was transferred to a
thermos flask, the temperature sensor for the temperature recording was inserted, the flask was 
purged with nitrogen for 30 minutes, and the polymerization was initiated with 1.8 ml of a 10% 
aqueous solution of the wafer-soluble azo initiator 2,2‘-azobis(2-methyipropiQnamidine) 
dihydrochloride (Wako V-50), 0.12 ml of a 1% t-BHRO solution and 0.24 mi of a 1% sodium

30 sulfite solution. With the onset of the polymerization, the temperature rose to 80°C to 90°C 
within about 25 min. A solid polymer gel was obtained.

After the polymerization, the gel was allowed to cool down to about 50°C and the gel block was 
comminuted with the aid of a meat grinder. The gel granules obtained were dried in a fluidized

35 bed drier at 55°C for two hours. This gave hard white granules which were converted to a 
pulverulent state by means of a centrifugal mill.

The weight-average molecular weight Mw was 8 million to 14 million g/mol.

40
Copolymer 2:
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Copolymer of 50% by weight of acrylamide, 48% by weight of Na-ATBS (sodium salt of 2- 
acrylamido-2-methylpropanesulfonic acid) and 2% of macromonomer 2

Macromonomer 2:

H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)15.e [{BuO)0.3 (ΕΟ)7.7]-Η approx. 65 moi% 
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.8'H approx. 35 mol%

Preparation method:
A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with
148.5 g of a 50% aqueous solution of Na-ATBS, and then the following were added 
successively: 105 g of distilled water, 0.4 g of a commercial silicone-based defoamer (Dow 
Coming® Antifoam Emulsion RD), 2.8 g of macromonomers 2, 138.2 g of acrylamide (50% 
solution in water), 1.2 g of a 5% aqueous solution of diethylenetriaminepentaacetic acid, 
pentasodium salt and 3.0 g of the nonionic surfactant ICi3-(EO)i5H.

After adjustment to pH 8 with a 20% sodium hydroxide solution and addition of the rest of the 
water to attain the desired monomer concentration of 37% (total amount of water minus the 
amount of water already added, minus the amount of acid required), the monomer solution was 
adjusted to the initiation temperature of 4°C, The solution was transferred to a thermos flask, 
the temperature sensor for the temperature recording was inserted, the flask was purged with 
nitrogen for 45 minutes, and the polymerization was initiated with 1.6 ml of a 10% aqueous 
solution of the water-soluble azo initiator 2,2'-azobis(2-methylpropionamidine) dihydrochloride 
(Wako V-50), 0.12 mi of a 1% t~BHPO solution and 0.24 ml of a 1% sodium sulfite solution. With 
the onset of the polymerization, the temperature rose to 8Q~9G°G within about 25 min. A solid 
polymer gel was obtained.

After cooling down to about 50°C, the gel block was comminuted with the aid of a meat grinder. 
The gel granules obtained were dried in a fluidized bed drier at 55°C for two hours. This gave 
hard white granules which were converted to a pulverulent state by means of a centrifugal mill.

The weight-average molecular weight Mw was 8 million to 14 million g/mol.

Copolymer 3:

Copolymer of 50% by weight of acrylamide, 48% by weight of Na-ATBS (sodium salt of 2- 
acrylamido-2-methyipropanesulfonic acid) and 2% of macromonomer 3

Macromonomer 3:
H2C=CH-O-(CH2)4-O~(EO)22(PeO)8.7[(PeO)0.2(EO)5.5]~H

H2C=CH-O-(CH2)4~O-(EO)22(PeO)9.7H

approx. 45 mol% 
approx. 55 mol%
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A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with
146.5 g of a 50% aqueous solution of Na-ATBS, and then the following were added 
successively: 105 g of distilled water, 0.4 g of a commercial silicone-based defoamer (Dow 
Corning® Antifoam Emulsion RD), 2.8 g of macromonomer 3, 137.4 g of acrylamide (50% 
solution in water), 1.2 g of a 5% aqueous solution of diethylenetriaminepentaacetic acid, 
pentasodium salt and 3.0 g of the nonionic surfactant iCi3-(EO)isH.

After adjustment to pH 6 with a 20% sodium hydroxide solution and addition of the rest of the 
water to attain the desired monomer concentration of 37% (total amount of water minus the 
amount of water already added, minus the amount of acid required), the monomer solution was 
adjusted to the initiation temperature of 4°C. The solution was transferred to a thermos flask, 
the temperature sensor for the temperature recording was inserted, the flask was purged with 
nitrogen for 45 minutes, and the polymerization was initiated with 1,6 ml of a 10% aqueous 
solution of the water-soluble azo initiator 2,2‘-azobis(2~methylpropionamidine) dihydrochloride 
(Wako V-50), 0.12 ml of a 1% t-BHPG solution and 0.24 ml of a 1% sodium sulfite solution. With 
the onset of the polymerization, the temperature rose to 80~90°C within about 25 min. A solid 
polymer gel was obtained.

After cooling down to about 50°C, the gel block was comminuted with the aid of a meat grinder. 
The gel granules obtained were dried in a fluidized bed drier at 55°C for two hours. This gave 
hard white granules which were converted to a pulverulent state by means of a centrifugal mill.

The weight-average molecular weight Mw was 8 million to 14 million g/mol.

Copolymer 4:

Copolymer of 69% by weight of acrylamide, 30% by weight of sodium acrylate and 1 % by 
weight of macromonomer 1

Macromonomer 1:
H2C=CH-O-(CH2)4-O-(EO)24.6(BuO)i5.8[(BuG)0.3(EO)5.8]-H (B1) approx. 60 mol% 
H2C=CH-O-(CH2)4~O-(EO)24.5(BuO)i5.8-H (B2) approx. 40 mol%

A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with
101.8 g of a 35% aqueous solution of sodium acrylate and then the following were added 
successively: 119,1 g of distilled water, 0,4 g of a commercial silicone-based defoamer (Dow 
Corning® Antifoam Emulsion RD), 1.2 g of macromonomer 1, 163.3 g of acrylamide (50% 
solution in water), 4 g of a 4% solution of 4,4'-azobis(4-cyanovaleric acid) (dissolved in 5% 
sodium hydroxide solution), 1.2 g of a 5% aqueous solution of diethylenetriaminepentaacetic 
acid, pentasodium salt and 1.2 g of the nonionic surfactant iCi3-(EO)isH.
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After adjustment to pH 6.75 with a 5% sodium hydroxide solution and addition of the rest of the 
water to attain the desired monomer concentration of 30% (total amount of water minus the 
amount of water already added, minus the amount of acid required), the monomer solution was 
adjusted to the initiation temperature of 4°C. The solution was transferred to a thermos flask,

5 the temperature sensor for the temperature recording was inserted, the flask was purged with 
nitrogen for 45 minutes, and the polymerization was initiated with 4 g of a 4% methanolic 
solution of the azo initiator 2,2'-azobis(2-methylpropionitrile)! 0.16 ml of a 1% t-BHPO solution 
and 0.16 ml of a 1% sodium sulfite solution. With the onset of the polymerization, the 
temperature rose to 80 to 90°C within 40-50 min. A solid polymer gel was obtained.

10
After cooling down, the gel block was comminuted with the aid of a meat grinder. The gel 
granules obtained were dried in a fluidized bed drier at 55°C for two hours. This gave hard white 
granules which were converted to a pulverulent state by means of a centrifugal mill.

15 The weight-average molecular weight Mw was 10 million to 20 million g/mol.

Copoiymer 5:

Copolymer of 69% by weight of acrylamide, 30% by weight of sodium acrylate and 1 % by 
20 weight of macromonomer 4

Macromonomer 4:
H2C=CH~O-(CH2)4-O-(EO)22(PeO)a7[(PeO)0.i(EO)i2]-H approx. 75 mol%
H2C=CH-O~(CH2)4-O~(EO)22(PeO)9.7 H approx. 25 mol%

25 A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with
101.8 g of a 35% aqueous solution of sodium acrylate and then the following were added 
successively: 111.8 g of distilled water, 0.4 g of a commercial silicone-based defoamer (Dow 
Corning® Antifoam Emulsion RD), 1.2 g of macromonomer 4, 163.3 g of acrylamide (50% 
solution in water), 4 g of a 4% solution of 4,4'-azobls(4-cyanovaleric acid) (dissolved in 5%

30 sodium hydroxide solution), 1.2 g of a 5% aqueous solution of diethylenetriaminepentaacetic 
acid, pentasodium salt and 1.2 g of the nonionic surfactant iCi3-(EO)i5H.

After adjustment to pH 6.75 with a 5% sodium hydroxide solution and addition of the rest of the 
water to attain the desired monomer concentration of 30% (total amount of water minus the

35 amount of water already added, minus the amount of acid required), the monomer solution was 
adjusted to the initiation temperature of 4°C. Subsequently, the reaction solution was 
transferred to a thermos flask, the temperature sensor for the temperature recording was 
inserted, the flask was purged with nitrogen for 45 minutes, and the polymerization was initiated 
with 4 g of a 4% methanolic solution of the azo initiator 2>2f-azobis(2~methylpropionitrile), 0.16

40 ml of a 1 % t-BHPO solution and 0.24 ml of a 1 % sodium sulfite solution. With the onset of the
polymerization, the temperature rose to 80 to 90°C within 40-50 min. A solid polymer gel was
obtained.



PF 75806

5

10

15

20

25

30

35

40

63

After cooling down, the gel block was comminuted with the aid of a meat grinder. The gel 
granules obtained were dried in a fluidized bed drier at 55°C for two hours. This gave hard white 
granules which were converted to a pulverulent state by means of a centrifugal mill.

The weight-average molecular weight Mw was 10 million to 20 million g/mol.

Copolymer 6:

Copolymer of 98% by weight of acrylamide and 2% by weight of macromonomer 1

Macromonomer 1;
H2C=CH-O-(CH2)4-O-(EO)24.s(BuO)1s.8[(BuO)0.3(EO)5.8]-H (B1) approx. 80 mol% 
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.8-H (B2) approx. 40 moi%

A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with 140 
g of distilled water, and 231.27 g of acrylamide (50% solution), 0.4 g of a commercial silicone- 
based defoamer (Dow Corning® Antifoam Emulsion RD), 4 g of a 4% solution of 4,4'-azobis(4- 
cyanovaleric acid) (dissolved in 5% sodium hydroxide solution), 1.2 g of a 5% aqueous solution 
of diethylenetriaminepentaacetic acid pentasodium salt, 1,2 g of the nonionic surfactant ICn- 
(EO)isH and 2.36 g of macromonomer 1 were added.
After adjustment to pH 6 with a 20% or 2% sulfuric acid solution and addition of the rest of the 
water (total amount of water minus the amount of water already added, minus the amount of 
acid required to adjust to a monomer content of 30%), the monomer solution was adjusted to 

the initiation temperature of 4°C. The solution was transferred to a thermos flask, the 
temperature sensor for the temperature recording was inserted, the flask was purged with 
nitrogen for 30 minutes, and the polymerization was initiated with 4.0 mi of a 4% AIBN solution 
in methanol, 0.48 g of a 1% ammonium peroxodisulfafe solution and 0.80 g of a 1% ammonium 
iron sulfate solution. A solid polymer gel was obtained.

After the polymerization, the gel was allowed to cool down to about 50°C and the gel block was 
comminuted with the aid of a meat grinder. The gel granules obtained were dried in a fluidized 
bed drier at 55°C for two hours. This gave hard white granules which were converted to a 
pulverulent state by means of a centrifugal mill.

Copolymer 7:

Copolymer of 56% by weight of acrylamide, 29.7% by weight of sodium acrylate, 12.3% by 
weight of Na-ATBS and 2% by weight of macromonomer 1

Macromonomer 1:
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.8[(BuO)0.3(EO)5.6]-H (B1) approx. 60 mol%
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H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.8”H (B2) approx. 40 mol%

A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with 90 g 
of distilled water, and the following were added successively: 50.64 g of a sodium acrylate 
solution (35% in water), 86.24 g of a sodiumATBS solution (50% in water),0.4 g of a commercial 
silicone-based defoamer (Dow Corning® Antifoam Emulsion RD), 155.53 g of acrylamide (52% 
solution), 1.2 g of a 5% aqueous solution of diethylentriaminepeniaacetic acid pentasodium salt, 
3.14 g of macromonomer 1 and 3 g of the nonionic surfactant iCi3-(EO)isH and.

After adjustment to pH 6 with a 20% or 2% sulfuric acid solution and addition of the rest of the 
water (total amount of water minus the amount of water already added, minus the amount of 
acid required to adjust to a monomer content of 37%), the monomer solution was adjusted to 
the initiation temperature of 4°C. The solution was transferred to a thermos flask, the 
temperature sensor for the temperature recording was inserted, the flask was purged with 
nitrogen for 30 minutes, and the polymerization was initiated with 2.4 ml of a 10% solution of 
2,2'-azobis(2~methylpropionamidine) dihydrochloride in water, 0.12 g of a 1% TBHP solution 
and 0.24 g of a 1 % sodium sulfite solution. A solid polymer gel was obtained.

After the polymerization, the gel was allowed to cool down to about SOX and the gel block was 
comminuted with the aid of a meat grinder. The gel granules obtained were dried in a fluidized 
bed drier at 55X for two hours. This gave hard white granules which were converted to a 
pulverulent state by means of a centrifugal mill.

Copolymer V1:

Copolymer of 50% by weight of acrylamide, 48% by weight of Na-ATBS (sodium salt of 2- 
acrylamido-2-methylpropanesulfonic acid) and 2% of macromonomer V1

Macromonomer V1:
H2C=CH-O-(CH2)4-O-(EO)22(PeO)9,7-H 100%

A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with
146.5 g of a 50% aqueous solution of Na-ATBS, and then the following were added 
successively: 105 g of distilled wafer, 0,4 g of a commercial silicone-based defoamer (Dow 
Corning® Antifoam Emulsion RD), 2.8 g of macromonomer V1, 137.4 g of acrylamide (50% 
solution in water), 1.2 g of a 5% aqueous solution of diethylenetriaminepenfaacetic acid, 
pentasodium salt and 3,0 g of the nonionic surfactant iCi3-(EO)isH.

After adjustment to pH 6 with a 20% sodium hydroxide solution and addition of the rest of the 
water to attain the desired monomer concentration of 37% (total amount of water minus the 
amount of water already added, minus the amount of acid required), the monomer solution was 
adjusted to the initiation temperature of 4°C. The solution was transferred to a thermos flask.



PF 75896

5

10

15

20

25

30

35

40

65
the temperature sensor for the temperature recording was inserted, the flask was purged with 
nitrogen for 45 minutes, and the polymerization was initiated with 1.8 ml of a 10% aqueous 
solution of the water-soluble azo initiator 2,2‘-azobis(2-methylpropionamidine) dihydrochloride 
(Wako V-50), 0.12 ml of a 1% i-BHPO solution and 0.24 ml of a 1% sodium sulfite solution. With 
the onset of the polymerization, the temperature rose to 80-90X within about 25 min, A solid 
polymer gel was obtained.

After cooling down to about 50°C, the gel block was comminuted with the aid of a meat grinder. 
The gel granules obtained were dried in a fluidized bed drier at 55°G for two hours. This gave 
hard white granules which were converted to a pulverulent state by means of a centrifugal mill.

The weight-average molecular weight Mw was 8 million to 14 million g/mol.

Copolymer V2:

Copolymer of 50% by weight of acrylamide, 48% by weight of Na-ATBS (sodium salt of 2- 
acrylamido-2-methyipropanesulfonic acid) and 2% of macromonomer V2

Macromonomer V2:
H2C=CH-O-(CH2)4-O-(EO)24.5(BuO)i5.8-H 100%
A plastic bucket with magnetic stirrer, pH meter and thermometer was initially charged with
146.5 g of a 50% aqueous solution of Na-ATBS, and then the following were added 
successively: 105 g of distilled water, 0.4 g of a commercial silicone-based defoamer (Dow 
Corning® Antifoam Emulsion RD), 2.8 g of macromonomer V1, 137.4 g of acrylamide (50% 
solution in water), 1.2 g of a 5% aqueous solution of diethylenetriamsnepentaacetic acid, 
pentasodium salt and 3.0 g of the nonionic surfactant ICi3-(EO)i5H.

After adjustment to pH 6 with a 20% sodium hydroxide solution and addition of the rest of the 
water to attain the desired monomer concentration of 37% (total amount of water minus the 
amount of water already added, minus the amount of acid required), the monomer solution was 
adjusted to the initiation temperature of 4°C. The solution was transferred to a thermos flask, 
the temperature sensor for the temperature recording was inserted, the flask was purged with 
nitrogen for 45 minutes, and the polymerization was initiated with 1.8 ml of a 10% aqueous 
solution of the water-soluble azo initiator 2,2'-azobis(2-methylpropionamidine) dihydrochloride 
(Wako V-50), 0.12 ml of a 1% t-BHPO solution and 0.24 ml of a 1% sodium sulfite solution. With 
the onset of the polymerization, the temperature rose to 80-90°C within about 25 min. A solid 
polymer gel was obtained.

After cooling down to about 50°C, the gel block was comminuted with the aid of a meat grinder. 
The gel granules obtained were dried in a fluidized bed drier at 55°C for two hours. This gave 
hard white granules which were converted to a pulverulent state by means of a centrifugal mill.
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The weight-average molecular weight Mw was 8 million to 14 million g/mol.

Copolymer V3:

Commercially available copolymer for polymer flooding, of about 50% by weight of acrylamide 
and about 50% by weight of 2-acrylamido~2-methylpropanesulforiic acid, having a weight- 
average molecular weight Mw of about 8 to 13*10® g/mol.

Copolymer V4:

Commercially available copolymer for polymer flooding, of about 75 mol% acrylamide and about 
25 mol% of sodium acrylate units, having a weight-average molecular weight Mw of about 
20 000 000 g/mol.

Copolymer V5:

Copolymer of 69% by weight of acrylamide, 30% by weight of sodium acrylate and 1% by 
weight of macromonomer V3

Macromonomer V3:
H2C=CH-O-(CH2)4-O-(EO)22(PeO)i2-H 100%

macromonomer 4.

Performance tests:

Viscosity measurements

The viscosity measurements were conducted with a Haake RS 80 viscometer at a shear rate of 
7 sT

For the viscosity measurements, aqueous solutions of the polymers were used. The polymers 
were dissolved using the following aqueous media:

Tap water:
Total salinity 123 mg/l

Seawater (synthetic):
Total salinity: about 35 000 mg/l
Na* 10 692 mg/i, K+ 420 mg/l, Mg2* 1295 mg/i, Ca2i 422 mg/l, Cl· 19 218 mg/l, HCOy 145 mg/l, 
SO42· 2697 mg/l
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Ratio of alkali metal ions/alkaline earth metal ions: 6.2

Deposit water (synthetic):
Total salinity: 185 548 mg/l

5 Na+ 52 079 mg/l, Mg2+ 2681 mg/l, Ca2+ 15 383 mg/l, Cl· 115 105 mg/l, borate 117 mg/l, SO?'
183 mg/l.
Ratio of alkali metal ions/alkaline earth metal ions: 2.9; deposit water having high Ca2* content.

The following tests were conducted:
10

Solutions of each ofthe inventive copolymers and ofthe comparative polymers were made up 
in tap water, seawater and deposit water in various concentrations in the range from 500 ppm to 
3000 ppm. The viscosity was measured in each case at various temperatures.

15 The results are shown in figures 1 to 7. The polymers tested in each case, the type of aqueous 
phase and the concentration of the polymers used are reported in the figures.
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Dependence of the viscosity of solutions of copolymers V1 
(50% AM, 48% Na-ATBS, 2% macromonomer V1), V3 (50%
AM, 50% ATBS) and V4 (75 mo!% AM, 25 moi% Na-acrylate)

I on temperature
Figure 2a: Viscosity of solutions of copolymer V2 (50% AM, 48% Na- 

ATBS, 2% macromonomer V2) of varying concentration at
60°C.

i Figures 2b, 2c, 2d: Dependence of the viscosity of solutions of copolymer V2 
: on temperature.

Figure 3a: [ Viscosity of solutions of copolymer 1 (50% AM, 48% Na-ATBS,

I 2% macromonomer 1) of varying concentration at 80°C,
j Figures 3b, 3c, 3d: | Dependence of the viscosity of solutions of copolymer 1
ΐ i on temperature.

; Figure 4a:
:!
Figures 4b, 4c, 4d:

Viscosity of solutions of copolymer 2 (50% AM, 48% Na-ATBS, 
2% macromonomer 2) of varying concentration at 60°C. 
Dependence of the viscosity of solutions of copolymer 2 
on temperature.

Figure 5a:

Figures 5b, 5c, 5d:

Viscosity of solutions of copolymer 3 (50% AM, 48% Na-ATBS, 
2% macromonomer 3) of varying concentration at 60°C. 
Dependence of the viscosity of solutions of copolymer 3 
on temperature.

Figure 6a: Viscosity of solutions of copolymer 4 (69% AM, 30% Na- 
acrylate, 1 % macromonomer 1) of varying concentration at
60°C.

Figures 8b, 6c: Dependence of the viscosity of solutions of copolymer 4 
on temperature.

Figure 7a: Viscosity of solutions of copolymer 5 (89% AM, 30% Na- 
acrylate, 1% macromonomer 4) of varying concentration at 
ecrc.

Figures 7b, 7c: Dependence of the viscosity of solutions of copolymer 5 
on temperature.

Figure 8a: Viscosity of solutions of copolymer 8 (98% AM, 2% 
macromonomer 1) of various concentrations at 60°C.

Figures 8b, 8c: Dependence of the viscosity of solutions of copolymer 8 
on temperature.

Figure 9a: Viscosity of solutions of copolymer 7 (56% by weight of AM, 
29.7% by weight of Na-acrylate, 12.3% by weight of Na-ATBS,

j 2% by weight of macromonomer 1) of various concentrations at
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60cC.

Figures 9b, 9c, 9d:

I Figure 10a:

i Figures 10b, 10c:

Figure 11:

Figure 12:

I Dependence of the viscosity of solutions of copolymer 7 
i on temperature.

: Viscosity of solutions of copolymer V5 (69% AM, 30% Na- 
acrylate, 1 % macromonomer 4) of various concentrations at 
60°C.4

I Dependence of the viscosity of solutions of copolymer V5 
j on temperature.

Partly conical reactor for preparation of the inventive 
I copolymers

I Fully conical reactor for preparation of the inventive 
ί copolymers.

Comments regarding the experiments:

Figures 1 a and 1 b each show the dependence of the viscosity of aqueous solutions of different 
5 copolymers on temperature, specifically the viscosity of two commercial, non-associative

copolymers (copolymers V3 and V4) and additionally of an associative copolymer (copolymer 
V1) having the macromonomer V1. In the case of the two commercial, non-associative 
copolymers, the viscosity decreases with increasing temperature. In the case of the associative 
copolymer, the viscosity of the aqueous solutions at first increases significantly, runs through a

10 maximum at about 60°C and then decreases again.

Figures 2a to 2d each show the dependence of the viscosity of aqueous solutions of the 
copolymer V2 as a function of temperature or of concentration. The copolymer V2 does not 
comprise the inventive mixture of the macromonomers (B1) and (B2), but only includes the

15 macromonomer (B2) which does not have a terminal-[-(R4O)c(R5O)d(i+X)]-H group. The viscosity 
profile as a function of temperature is similar to that for copolymer V1, i.e, viscosity reaches a 
maximum at about SC’C and then decreases again.

Figures 3a to 3d each show the dependence of the viscosity of aqueous solutions of the
20 inventive copolymer 1 having sulfo groups (50% by weight of acrylamide, 48% by weight of 

ATBS, 2% by weight of macromonomer) as a function of temperature or of concentration. The 
viscosity measured in tap water rises continuously from 30°C to 90°C and does not decrease at 
all. In seawater, the viscosity decreases again only insignificantly, if at all, after the attainment of 
the maximum at about 50°C, meaning that it remains more or less constant to 90°C. in deposit
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water, the viscosity decreases after the attainment of the maximum, but the viscosity is as for 
polymer V1.

Figures 4a to 4d and 5a to 5d show the test results for two other copolymers having sulfo 
§ groups (copolymers 2 and 3), comprising 50% by weight of acrylamide, 48% by weight of ATBS

and 2% by weight of macromonomer, using other macromonomers (B) in each case. The 
results are very similar to the results with copolymer 1.

Figures 6a to 6c and 7a to 7c each show test results with copolymers having -COOH groups,
10 namely copolymers comprising 69% by weight of acrylamide, 30% by weight of sodium acrylate 

and 1% by weight of macromonomer (copolymers 4 and 5), The composition corresponds 
substantially to that of copolymer V4, except that copolymer V4 does not comprise any 
macromonomer. As expected, the measurements of viscosity as a function of concentration 
show much clearer differences between the use of tap water and the use of seawater as

15 compared with the use of copolymers having sulfo groups. The viscosity of copolymer 4 in tap 
water decreases slightly in the range from 30 to 90°C, but begins to rise slightly again at 80°C.
In seawater, the viscosity at relatively low concentrations is more or less
temperature-independent, but the viscosity increases significantly with temperature at 2000 
ppm. The behavior of aqueous solutions of copolymer 5 is similar. Copolymers having -COOH

20 groups are thus of good suitability for polymer flooding at moderate salinities, such as seawater.

Performance in a porous medium (core flooding test):

Copolymer 1 was used to conduct core flooding tests. For this purpose, solutions of copolymer
25 1 in synthetic sea water (see above for composition) were used, with a polymer concentration of

300 ppm, 500 ppm and 1000 ppm. For the core flooding tests, Bentheim sandstone with a 
permeability of about 2 darcies was used. The experiments were each conducted at 60'C.

In a first step, synthetic sea water without polymer was first pumped through the core at a flow
30 rate of 1 mi/min, and the pressure differential over the core was measured. Subsequently, the 

polymer solutions were pumped through the core at a flow rate of 1 ml/min and the pressure 
differential was determined in each case.

The ratio of the pressure differential for the polymer solution and for pure sea water was then
35 used to calculate the resistance factor (RF). A high RF indicates effective thickening of the 

aqueous solution by the dissolved polymer. The RF values of copolymer 1 are summarized in 
the following table:

Polymer concentration [ppm] Resistance Factor (RF)

300 139

500 j 393
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The results show that copolymer 1 has quite a high RF value even at the low 
concentration of 300 ppm.

5 It is to be understood that, if any prior art publication is referred to herein, such 
reference does not constitute an admission that the publication forms a part of the 
common general knowledge in the art, in Australia or any other country.

In the claims which follow and in the preceding description of the invention, except
10 where the context requires otherwise due to express language or necessary

implication, the word “comprise” or variations such as “comprises” or “comprising” is 
used in an inclusive sense, i.e. to specify the presence of the stated features but not to 
preclude the presence or addition of further features in various embodiments of the 
invention.

15
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Claims

1. A process for producing mineral oil from underground mineral oil deposits, in which an 
aqueous formulation comprising at least one thickening, water-soluble copolymer (P) is 
injected into a mineral oil deposit through at least one injection well and crude oil is 
withdrawn from the deposit through at least one production well, said water-soluble 
copolymer (P) comprising at least

(A) 30 to 99.99% by weight of at least one uncharged, monoethylenically 
unsaturated, hydrophilic monomer (A) selected from the group of 
(meth)acrylamide, N-methyi(meth)acrylamide, N,N’-dimethyl(metb)acrylamide 
and N-methylol(meth)acrylamide, and

(B) 0.01 to 15% by weight of at least one monoethylenically unsaturated 
macromonomer (B) at least comprising -- as well as the monoethylenically 
unsaturated group - a hydrophilic group and a hydrophobic group,

wherein at least one macromonomer (B) Is a mixture comprising macromonomers (B1) 
and (B2) of the general formulae

(B1) H2C=C(R1)-R2-O-(R3O)a-(R4O)b~[(R4O)c(R5O)d]-H (I) and

(B2) H2C=C(R1)-R2"O-(R3O)a-(R4O)b-H (II),

where the stated amounts of the monomers are each based on the total amount of all 
the monomers in the copolymer (P), the molar proportion x of the macromonomers (B1) 
based on the sum total of (B1) and (B2) is 0.1 to 0.99, and where the radicals and 
indices are each defined as follows:

R1: H or methyl,

R2: a single bond or a divalent linking group -OR35- where R3S is an alkylene group
having 1 to 6 carbon atoms,

R3: independently ethylene groups -CH2CH2-, 1,2-propylene groups -CH2-CH(CH3)-
or alkylene groups R4, with the proviso that at least 90 mol% of the R3 radicals 
are ethylene groups,

R4: independently alkylene groups -GR6(R7)-CR®(R8)~ where the Rs, R7, Rs and R9
radicals are each independently H or a linear or branched alkyl radical having 1 
to 8 carbon atoms, with the proviso that not all radicals are H and the sum total 
of the carbon atoms in the R6, R7, R® and R® radicals is 2 to 8,

R5 an ethylene group -CH2CH2-,
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15 4.

5.

20

6.

to 8 carbon atoms, with the proviso that not all radicals are H and the 
sum total of the carbon atoms in the R6, R7, R8 and R9 radicals is 2 to 8,

p5 an ethylene group -CH2CH2-,

a a number from 10 to 35,

b a number from 5 to 30,

c a number from 0 to 2,

d a number from 1 to 15

5

and where, in addition,
• the copolymer has a weight-average molecular weight Mw of 1*106 g/mol 

to 30*106 g/mol,
• the amount of the copolymer in the aqueous formulation is 0.02 to 2% by 

weight, and
• the temperature of the mineral oil deposit is 20°C to 120°C.

The process according to claim 1, wherein the temperature of the deposit is 35 
to 120°C.

The process according to claim 1, wherein the temperature of the deposit is 40 
to 100°C.

The process according to any one of claims 1 to 3, wherein the aqueous 
formulation comprises salts.

The process according to claim 4, wherein the concentration of the salts is 5000 
ppm to 250 000 ppm based on the sum total of all the components in the 
formulation.

The process according to any one of claims 1 to 5, wherein 2 or 3 of the R6, R7, 
R8 and R9 radicals are H and the sum total of the carbon atoms in the R6, R7, R8 
and R9 radicals is 2 or 3.

The process according to any one of claims 1 to 6, wherein the number b+c of 
the R4O radicals is selected with the proviso that the sum total of all the carbon 
atoms in all the R6, R7, R8 and R9 radicals present is 25 to 50.

25
7.
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x of the monomers (B1) is 0.4 to 0.95 based on the sum total of (B1) and (B2).

9. The process according to any one of claims 1 to 8, which involves alkali-
5 polymer flooding, and wherein the aqueous formulation used for injection

additionally comprises at least one base.

10. The process according to any one of claims 1 to 8, which involves alkali- 
surfactant-polymer flooding, and wherein the aqueous formulation used for

10 injection additionally comprises at least one base and at least one surfactant.

11. The process according to claim 9 or 10, wherein the aqueous formulation has a 
pH of 9 to 13.

15 12. The process according to claim 10 or 11, wherein at least one ofthe surfactants
is an anionic surfactant ofthe general formula

R24-O-(R28O)n(R29O)m(R30O)i-R25-YM (XII) 

where the radicals and indices are each defined as follows:

R24: an aliphatic, cycloaliphatic and/or aromatic hydrocarbyl group having
10 to 36 carbon atoms,

R28: independently butylene groups -CR31(R32)-CR33(R34)- where the R31,
R32, R33ancj R34 radicals are each independently H, methyl or ethyl, 

with the proviso that the sum total ofthe carbon atoms R31, R32, R33 
and R34 is 2 in each case, and where, in at least 70 mol% of the R28 
units, R31, R32 and R33 are each H and R34 is ethyl,

R29: 1,2-propylene groups -CH2-CH(CH3)-,

R30: -CH2CH2-,

R25: a single bond or an alkylene group which has 2 to 6 carbon atoms
and may optionally also be substituted by OH groups,

Y a group selected from the group of sulfate groups, sulfonate groups,
carboxylate groups and phosphate groups,

Μ H or a cation,

n 0 to 25,

m 0 to 35,

I 0 to 75, and

9682301_1 (GHMatters) P103356.AU
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13. The process according to claim 12, wherein the R24 radicals are linear aliphatic 
hydrocarbyl radicals R24a having 12 to 22 carbon atoms.

5 14. The process according to claim 12, wherein the R24 radicals are branched
aliphatic hydrocarbyl radicals R24b having 12 to 28 carbon atoms.

15. The process according to claim 10 or 11, wherein at least one of the surfactants 
is an olefinsulfonate.

10
16. The process according to any one of claims 1 to 15, wherein the formulation

additionally comprises at least one complexing agent.

17. The process according to any one of claims 1 to 16 wherein the formulation
15 additionally comprises at least one free-radical scavenger.

18. The process according to any one of claims 1 to 17, wherein the formulation
additionally comprises at least one oxygen scavenger.

20 19. The process according to any one of claims 1 to 18, wherein the formulation
additionally comprises at least one sacrificial reagent.

20. The process according to any one of claims 1 to 19, wherein the copolymer (P)
is a copolymer (P1) comprising

25
• 40 to 60% by weight of (meth)acrylamide as monomer (A), and

• 0.1 to 5% by weight of macromonomers (B1) and (B2), where the molar 
proportion of the macromonomers (B1) based on the sum total of (B1) and

30 (B2) is 0.3 to 0.95 and where the radicals and indices in the formulae (I)
and (II) are defined as follows:

R1: H or methyl,

R2: a divalent linking group -OR35- where R35 is a linear Ι,ω-alkylene
group having 1 to 6 carbon atoms,

R3: ethylene groups -CH2CH2-,

R4: independently alkylene groups -CR6(R7)-CR8(R9)-, where the sum

9682301_1 (GHMatters) P103356.AU
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where, in at least 70 mol% of the -CR6(R7)CR8(R9)- units, R6, R7 
and R8 are each H and R9 is ethyl,

R5 an ethylene group -CH2CH2-, 

a a number from 20 to 28,

b a number from 10 to 25,

c a number from 0 to 1.5, 

d a number from 1.5 to 10,

and, in addition,

• 40 to 60% by weight of at least one hydrophilic, anionic, monoethylenically 
unsaturated monomer (C) comprising SO3H groups or salts thereof, where

5 the amounts of the monomers are each based on the amounts of all the
monomers in the copolymer (P1).

21. The process according to claim 20, wherein the aqueous formulation comprises 
salts in a concentration of 5000 ppm to 250 000 ppm based on the sum total of

10 all the components in the formulation.

22. The process according to claim 20 or 21, wherein the deposit temperature is 
50°C to 120°C.

15 23. The process according to any one of claims 1 to 19, wherein the copolymer (P)
is a copolymer (P2) comprising

• 50 to 85% by weight of (meth)acrylamide as monomer (A), and

20 *0.1 to 10% by weight of macromonomers (B1) and (B2), where the molar
proportion of the macromonomers (B1) based on the sum total of (B1) and 
(B2) is 0.3 to 0.95 and where the radicals and indices in the formulae (I) 
and (II) are each defined as follows:

R1: H or methyl,

R2: a divalent linking group -OR35- where R35 is a linear 1 ,ω-alkylene
group having 1 to 6 carbon atoms,

R3: ethylene groups -CH2CH2-,

R4: independently alkylene groups -CR6(R7)-CR8(R9)-, where the sum

9682301_1 (GHMatters) P103356.AU
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where, in at least 70 mol% of the -CR6(R7)CR8(R9)- units, R6, R7 
and R8 are each H and R9 is ethyl,

R5 an ethylene group -CH2CH2-, 

a a number from 20 to 28,

b a number from 10 to 25,

c a number from 0 to 2, 

d a number from 1.5 to 10,

and, in addition,

• 5 to 45% by weight of at least one hydrophilic, anionic, monoethylenically 
unsaturated monomer (C) comprising COOH groups or salts thereof, where

5 the amounts of the monomers are each based on the amounts of all the
monomers in the copolymer (P2).

24. The process according to claim 23, wherein the aqueous formulation comprises 
salts in a concentration of 2000 ppm to 60 000 ppm based on the sum total of

10 all the components in the formulation.

25. The process according to claim 23 or 24, wherein the deposit temperature is 
35°C to 90°C. 15 * * * * * * * * * *

15 26. The process according to any one of claims 1 to 19, wherein the copolymer (P)
is a copolymer (P3) comprising

• 30 to 85% by weight of (meth)acrylamide as monomer (A), and

20 *0.1 to 10% by weight of macromonomers (B1) and (B2) , where the molar
proportion of the macromonomers (B1) based on the sum total of (B1) and
(B2) is 0.3 to 0.95, and where the radicals and indices in the formulae (I)
and (II) are each defined as follows:

R1: H or methyl,

R2: a divalent linking group -OR35- where R35 is a linear 1 ,ω-alkylene
group having 1 to 6 carbon atoms,

R3: ethylene groups -CH2CH2-,

R4: independently alkylene groups -CR6(R7)-CR8(R9)-, where the sum
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where, in at least 70 mol% of the -CR6(R7)CR8(R9)- units, R6, R7 
and R8 are each H and R9 is ethyl,

R5 an ethylene group -CH2CH2-, 

a a number from 20 to 28,

b a number from 10 to 25,

c a number from 0 to 2, 

d a number from 1.5 to 10,

and, in addition,

• at least two hydrophilic, anionic, monoethylenically unsaturated monomers 
(C) comprising 5 to 40% by weight of at least one monomer (C1)

5 comprising COOH groups or salts thereof, and 5 to 40% by weight of at
least one monomer (C2) comprising -SO3H groups or salts thereof, where 
the amounts of the monomers are each based on the amounts of all the 
monomers in the copolymer (P3).

10 27. The process according to claim 26, wherein the aqueous formulation comprises
salts in a concentration of 5000 ppm to 150 000 ppm based on the sum total of 
all the components in the formulation.

28. The process according to claim 26 or 27, wherein the deposit temperature is
15 40°Cto100°C.

29. A water-soluble copolymer (P) comprising at least

(A) 30 to 99.99% by weight of at least one uncharged, monoethylenically
20 unsaturated, hydrophilic monomer (A) selected from the group of

(meth)acrylamide, N-methyl(meth)acrylamide, N,N’- 
dimethyl(meth)acrylamide and N-methylol(meth)acrylamide,

(B) 0.01 to 15% by weight of at least one monoethylenically unsaturated
25 macromonomer (B) at least comprising - as well as the

monoethylenically unsaturated group - a hydrophilic group and a 
hydrophobic group, and

(C) 0.1 to 69.99% by weight of at least one hydrophilic, anionic,
30 monoethylenically unsaturated monomer (C) comprising at least one
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groups or salts thereof,

wherein the at least one macromonomer (B) is a mixture comprising 
5 macromonomers (B1) and (B2) of the general formulae

(B1) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-[-(R4O)c(R5O)d]-H (I) and

(B2) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-H (II),
10

where the stated amounts of the monomers are each based on the total 
amount of all the monomers in the copolymer (P), the molar proportion x of the 
macromonomers (B1) based on the sum total of (B1) and (B2) is 0.1 to 0.99, 
and where the radicals and indices are each defined as follows:

R1: H or methyl,

R2: a single bond or a divalent linking group -OR35- where R35 is an
alkylene group having 1 to 6 carbon atoms,

R3: independently ethylene groups -CH2CH2-, 1,2-propylene groups or
alkylene groups R4, with the proviso that at least 90 mol% of the R3 
radicals are ethylene groups,

R4: independently alkylene groups -CR6(R7)-CR8(R9)- where the R6, R7, R8
and R9 radicals are each independently H or a linear or branched alkyl 
radical having 1 to 8 carbon atoms, with the proviso that not all radicals 
are H and the sum total of the carbon atoms in the R6, R7, R8 and R9 
radicals is 2 to 8,

R5 an ethylene group -CH2CH2-, 

a a number from 10 to 35,

b a number from 5 to 30,

c a number from 0 to 2,

d a number from 1 to 15

15
and where the copolymer has a weight-average molecular weight Mw of 1*106 
g/mol to 30*106 g/mol.

30. The copolymer (P) according to claim 29, which is a copolymer (P1) comprising
20

• 40 to 60% by weight of (meth)acrylamide as monomer (A), and

9682301_1 (GHMatters) P103356.AU
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• 0.1 to 5% by weight of macromonomers (B1) and (B2), where the molar 
proportion of the macromonomers (B1) based on the sum total of (B1) and 
(B2) is 0.3 to 0.95 and where the radicals and indices in the formulae (I)

5 and (II) are defined as follows:

R1: H or methyl,

R2: a divalent linking group -OR35- where R35 is a linear Ι,ω-alkylene
group having 1 to 6 carbon atoms,

R3: ethylene groups -CH2CH2-,

R4: independently alkylene groups -CR6(R7)-CR8(R9)-, where the sum
total of the carbon atoms R6, R7, R8 and R9 is 2 in each case, and 
where, in at least 70 mol% of the -CR6(R7)CR8(R9)- units, R6, R7 
and R8 are each H and R9 is ethyl,

R5 an ethylene group -CH2CH2-, 

a a number from 20 to 28,

b a number from 10 to 30,

c a number from 0 to 2, 

d a number from 1.5 to 10,

and, in addition,

• 40 to 60% by weight of at least one hydrophilic, anionic, monoethylenically
10 unsaturated monomer (C) comprising SO3H groups or salts thereof, where

the amounts of the monomers are each based on the amounts of all the 
monomers in the copolymer (P1).

31. The copolymer (P) according to claim 29, which is a copolymer (P2) comprising 
15

• 50 to 85% by weight of (meth)acrylamide as monomer (A), and

• 0.1 to 10% by weight of macromonomers (B), where the molar proportion of 
the macromonomers (B1) based on the sum total of (B1) and (B2) is 0.3 to

20 0.95 and where the radicals and indices in the formulae (I) and (II) are each
defined as follows:

R1: H or methyl,

R2: a divalent linking group -OR35- where R35 is a linear 1 ,ω-alkylene

9682301_1 (GHMatters) P103356.AU
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R3: ethylene groups -CH2CH2-,

R4: independently alkylene groups -CR6(R7)-CR8(R9)-, where the sum
total of the carbon atoms R6, R7, R8 and R9 is 2 in each case, and 
where, in at least 70 mol% of the -CR6(R7)CR8(R9)- units, R6, R7 
and R8 are each H and R9 is ethyl,

R5 an ethylene group -CH2CH2-, 

a a number from 20 to 28,

b a number from 10 to 25,

c a number from 0 to 2, 

d a number from 1.5 to 10, 

and, in addition,

• 5 to 45% by weight of at least one hydrophilic, anionic, monoethylenically 
unsaturated monomer (C) comprising COOH groups or salts thereof, where

5 the amounts of the monomers are each based on the amounts of all the
monomers in the copolymer (P2).

32. The copolymer (P) according to claim 29, which is a copolymer (P3) comprising

10 · 30 to 85% by weight of (meth)acrylamide as monomer (A), and

• 0.1 to 10% by weight of macromonomers (B) , where the molar proportion 
of the macromonomers (B1) based on the sum total of (B1) and (B2) is 0.3 
to 0.95, and where the radicals and indices in the formulae (I) and (II) are

15 each defined as follows:

R1: H or methyl,

R2: a divalent linking group -OR35- where R35 is a linear 1 ,ω-alkylene
group having 1 to 6 carbon atoms,

R3: ethylene groups -CH2CH2-,

R4: independently alkylene groups -CR6(R7)-CR8(R9)-, where the sum
total of the carbon atoms R6, R7, R8 and R9 is 2 in each case, and 
where, in at least 70 mol% of the -CR6(R7)CR8(R9)- units, R6, R7 
and R8 are each H and R9 is ethyl,

R5 an ethylene group -CH2CH2-,
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b a number from 10 to 25,

c a number from 0 to 2, 

d a number from 1.5 to 10,

and, in addition,

• at least two hydrophilic, anionic, monoethylenically unsaturated monomers 
(C) comprising 5 to 40% by weight at least one monomer (C1) comprising

5 COOH groups or salts thereof, and 5 to 40% by weight of at least one
monomer (C2) comprising -SO3H groups or salts thereof, where the 
amounts of the monomers are each based on the amounts of all the 
monomers in the copolymer (P3).

10 33. An aqueous formulation comprising at least one thickening, water-soluble
copolymer (P) according to any one of claims 29 to 32, wherein the amount of 
the copolymer in the aqueous formulation is 0.02 to 2% by weight.

34. A process for preparing a water-soluble copolymer (P) according to claim 29,
15 comprising at least the process steps of

(a) providing an aqueous monomer solution comprising at least

• water,

• 35 to 99.5% by weight of at least one uncharged, monoethylenically 
unsaturated, hydrophilic monomer (A) selected from the group of

20 (meth)acrylamide, N-methyl(meth)acrylamide, N,N’-
dimethyl(meth)acrylamide and N-methylol(meth)acrylamide,

• 0.01 to 15% by weight of at least one monoethylenically unsaturated 
macromonomer (B) at least comprising - as well as the 
monoethylenically unsaturated group - a hydrophilic group and a

25 hydrophobic group, wherein at least one macromonomer (B) is a
mixture comprising macromonomers (B1) and (B2) of the general 
formulae

(B1) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-[(R4O)c(R5O)d]-H (I) and
30

(B2) H2C=C(R1)-R2-O-(R3O)a-(R4O)b-H (II),
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total amount of all the monomers in the copolymer (P), the molar 
proportion x of the macromonomers (B1) based on the sum total of 
(B1) and (B2) is 0.1 to 0.99, and where the radicals and indices in the

5 formulae (I) and (II) are each as defined in claim 34, and

10

15

• 0.1 to 69.99% by weight of at least one hydrophilic, anionic,
monoethylenically unsaturated monomer (C) comprising at least one 
acidic group selected from the group of -COOH, -SO3H and -PO3H2 
groups or salts thereof,

where the concentration of all the monomers together is 10 to 60% by 
weight based on the aqueous monomer solution,

(b) cooling the aqueous monomer solution to a temperature of less than
+10°C,

(c) adding at least one thermal initiator for free-radical polymerization to the 
aqueous monomer solution, at least one of the initiators being able to 
trigger a free-radical polymerization at temperatures of less than +10°C,

(d) polymerizing the monomer mixture under essentially adiabatic conditions, 
with heating of the mixture under the influence of the heat of polymerization 
formed and with formation of a polymer gel,

(e) comminuting the polymer gel formed,

(f) drying the polymer gel.

35. The process according to claim 34, wherein the aqueous monomer solution
25 further comprises a non-polymerizable, surface active compound (T).

36. The process according to claim 34 or 35, wherein the polymerization is 
conducted in a conical reactor, wherein the conical reactor is a tubular reactor 
which has a diameter D1 and narrows conically at the lower end, where the

30 diameter at the end of the conical narrowing is D2, the ratio D1 / D2 is 2:1 to
25:1 and the angle a between the wall in the cylindrical section and the wall in 
the region of the conical narrowing is more than 120° and less than 180°, and 
the reactor additionally has a shut-off device arranged at the lower end of the 
conical narrowing and at least one feed at the upper end of the reactor, and

35 · steps (a) and (b) are undertaken in suitable mixing and cooling apparatuses
outside of the conical reactor,
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18 • the cooled monomer solution is transferred from there into the reactor 

through the feed, and
• after the polymerization, by opening the shut-off device and injecting at 

least one gas through the feed, the polymer gel formed is forced out of the
5 reactor through the opened shut-off device.
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Fig, 1a: Viscosity of aqueous solutions of comparative copolymers V1, V3 and V4 in tap
water
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Fig. 1 b: Viscosity of aqueous solutions of comparative copolymers V1, V3 and V4 in 
deposit water
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Figure 2a: Viscosity of copolymer V2 at 80°C at various concentrations in seawater, tap water 
and deposit water.
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Figure 2b: Viscosity of aqueous solutions of copolymer V2 in tap water at various temperatures
and concentrations.



PF 75896
3/20

Sea water 
ZQDGppffi

<*&« Sea water 
tSQOppm 
See weter 
fGOOppm

Figure 2c: Viscosity of solutions of copolymer V2 In seawater at various temperatures and 
concentrations.
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Figure 2d: Viscosity of solutions of copolymer V2 in deposit water at various temperatures and
concentrations.
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Figure 3a: Viscosity of copolymer 1 at 60°C at various concentrations in seawater, tap water 
and deposit water.

water
2GQ0ppm

«®»T8p water 
ISOOppm

««Ο® Tap water 
lOCOppm

Figure 3b: Viscosity of solutions of copolymer 1 in tap water at various temperatures and
concentrations.
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Figure 3c: Viscosity of solutions of copolymer 1 in seawater at various temperatures and 
concentrations.

Figure 3d: Viscosity of solutions of copolymer 1 in deposit water at various temperatures and
concentrations.



Figure 4a: Viscosity of copolymer 2 at 60°C at various concentrations in seawater, tap water

Figure 4b: Viscosity of solutions of copolymer 2 in tap water at various temperatures and
concentrations.
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Figure 4c: Viscosity of solutions of copolymer 2 in seawater at various temperatures and

Figure 4d: Viscosity of solutions of copolymer 2 In deposit water at various temperatures and 
concentrations.



Figure 5a: Viscosity of copolymer 3 at 60°C at various concentrations in seawater, tap water

Figure 5b: Viscosity of solutions of copolymer 3 in tap water at various temperatures and
concentrations.
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Figure 5c: Viscosity of solutions of copolymer 3 in seawater at various temperatures and 
concentrations.

Figure 5d: Viscosity of solutions of copolymer 3 in deposit water at various temperatures and
concentrations.
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Figure 6b: Viscosity of solutions of copolymer 4 in tap water at various temperatures and
concentrations.



concentrations.



Figure 7b: Viscosity of solutions of copolymer 5 in tap water at various temperatures and
concentrations.
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Figure 7c: Viscosity of solutions of copolymer 5 in seawater at various temperatures and 
concentrations.
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Figure 8a: Viscosity of copolymer 6 at 60°C at various concentrations in sea water and tap 
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Figure 8b: Viscosity of solutions of copolymer 6 in tap water at various temperatures and
concentrations

mPas

WO

««©“Sea water 
20P0ppm

■™®5“Ses water 
tSOOppm

”™e™ See water 
WOOppm

0
20 40 60 80

Temperature [*€]
Figure 8c; Viscosity of solutions of copolymer 6 in sea water at various temperatures and 
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Figure 9a: Viscosity of copolymer 7 at 60*C at various concentrations in tap water, sea water 
and deposit water.
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Figure 9b: Viscosity of solutions of copolymer 1 in tap water at various temperatures ar 
concentrations
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Figure 9c: Viscosity of solutions of copolymer 7 in sea water at various temperatures and 
concentrations
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Figure 9d: Viscosity of solutions of copolymer 7 in deposit water at various temperatures and 
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Figure 10a; Viscosity of copolymer VS at 60®C at various concentrations in sea water and tap 

water.
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Figure 10b: Viscosity of solutions of copolymer V5 In tap wafer at various temperatures and 
concentrations
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Figure 1Oc: Viscosity of solutions of copolymer ¥5 in sea water at various temperatures and 
concentrations



Figure 11: Partly conical reactor
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Figure 12: Fully conical reactor


