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(57) Abstract: The present invention relates to a process for the
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alkoxylation of a first polymer comprising at least one monomer
unit having NH groups and optionally NH, groups, wherein the first
polymer has a molecular weight M,, of at least 500 g/mol, comprising
the steps of (a) reacting the first polymer with alkylene oxide in
a reaction mixture comprising a solvent until the average degree

of alkoxylation of each NH group and each optional NH, group,

calculated as two NH groups, is from 0.75 to 1.25; (b) adding a second
polymer of formula (I), wherein R is a linear or branched alkyl group having from 1 to 20 carbon atoms, each R' is independently a
linear or branched alkyl group having from 1 to 20 carbon atoms or hydrogen, each n is independently from 1 to 5 and m is from 5
to 40, to the reaction mixture of step (a); (c) at least partially removing the solvent from the reaction mixture of step (b); and (d)
further reacting the reaction mixture of step (c) with alkylene oxide at a given temperature until the average degree of alkoxylation
of each NH group and each optional NH, group, calculated as two NH groups, of the first polymer is from 2 to 40. The present
invention also relates to a polymer composition obtainable from that process and the use of such a polymer composition.
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Process for the alkoxylation of amino group containing polymers

Description

The present invention relates to a process for the alkoxylation of a polymer comprising
at least one monomer unit having NH groups and optionally NH, groups and polymer
compositions obtainable from that process.

Alkoxylated amine containing compounds are well known and used e.g. as ingredients
of cleaning compositions.

The preparation of alkoxylated amine containing compounds is described e.g. by H.L.
Sanders et. al., Journal of the American Oil Chemists Society 46 (1969), 167-170.
Here, the ethoxylation of fatty amines is described.

The mechanism of ethoxylating amines results in quaternary nitrogen compounds
which act as catalysts but are also subject to Hofmann-elimination resulting in byprod-
ucts which cause coloured and malodorous products.

Another problem associated with the alkoxylation of amines results from the fact that in
the first addition step the hydroxyalkyl group is reacted with the amino group and in
subsequent addition steps (degree of alkoxylation is > 1) only hydroxy groups are in-
volved causing higher viscosity values with an increasing alkoxylation degree. There-
fore, the alkoxylation of amines is often carried out as multistep step reaction.

In case of ethoxylated amino functionalised polymers it is described in WO-A 99/16811
that the use of bleaching agents like NaBH,4 can enhance colour properties.

As mentioned above, another problem associated with the alkoxylation of amine con-
taining polymers is the fact that the resulting products may have increased viscosity
resulting in difficulties during the manufacture.

In WO-A 97/23546 this problem is solved by using conventional solvents. This results
in the draw back that after having obtained the desired alkoxylated product a solvent

has to be removed. Consequently, the space-time-yield for such processes is low.

Thus, there is a need to provide processes eliminating these draw backs at least in
part.

Accordingly, an object of the present invention is the provision of such processes.
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This problem is solved by a process for the alkoxylation of a first polymer comprising at
least one monomer unit having NH groups and optionally NH, groups, wherein the first

polymer has a molecular weight M,, of at least 500 g/mol, comprising the steps of
(@) reacting the first polymer with alkylene oxide in a reaction mixture comprising a
solvent until the average degree of alkoxylation of each NH group and each op-

tional NH, group, calculated as two NH groups, is from 0.75 to 1.25;

(b) adding a second polymer of formula (1)

wherein R is a linear or branched alkyl group having from 1 to 20 carbon atoms, each
R’ is independently a linear or branched alkyl group having from 1 to 20 carbon atoms
or hydrogen, each n is independently from 1 to 5 and m is from 5 to 40, to the reaction

mixture of step (a);

(c) at least partially removing the solvent from the reaction mixture of step (b); and

(d) further reacting the reaction mixture of step (c) with alkylene oxide at a given
temperature until the average degree of alkoxylation of each NH group and
each optional NH, group, calculated as two NH groups, of the first polymer is
from 2 to 40.

It was found that the use of a second polymer according to formula (l) can be used to
lower the viscosity of the alkoxylated first polymer by forming a polymer composition so
that in the second step of alkoxylation the solvent used in the first step is not required
and can at least partially removed in step (c).

This results in a higher space-time-yield because the alkoxylation in step (d) is carried
out without a conventional solvent (regardless remaining traces) and the added second
polymer which can also be alkoxylated can remain in the composition which is useful in
cleaning compositions.

Since the second polymer of formula (1) has only one hydroxy group which can be
alkoxylated and the first polymer comprises at least one monomer unit having NH
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groups and optionally NH, groups the amount (in wt.-%) of the alkoxylated second poly-
mer is decreased with increasing degree of alkoxylation.

The process for the alkoxylation of a first polymer according to the present invention
comprises the step (a) of reacting the first polymer with alkylene oxide in a reaction
mixture comprising a solvent until the average degree of alkoxylation of each NH group
and each optional NH, group, calculated as two NH groups, is from 0.75 to 1.25, pref-
erably from 0.8 to 1.0, especially from 0.85 to 0.95.

The first polymer comprises at least one monomer unit having NH groups and option-
ally NH, groups and has a molecular weight M,, of at least 500 g/mol.

More preferred the molecular weight M,, is in the range of 500 g/mol to 1 000 000
g/mol, even more preferred in the range of 500 g/mol to 10 000 g/mol.

Because of the presence of the at least one monomer unit having NH groups and op-
tionally NH, the first polymer comprises a multitude of NH groups dependent on the
frequency of the repeating motive of the first monomer unit.

Typical polymers are polyalkylene imines, polyvinyl amines, polyether amines and
amino group containing poly amides.

Preferably the first polymer is a polyethylene imine or amino group containing polyam-
ide.

In step (a) more or less all NH groups are alkoxylated with a first hydroxyalkyl group.
Since a primary amine group can react with two alkylene oxides this group is consid-
ered as two NH groups. However, since the alkoxylation is a statistic process the first
alkoxylation step (a) will result in an average degree of alkoxylation from 0.75 to 1.25 or
a preferred degree as mentioned above.

For this step the presence of a solvent is not critical. Thus, the reaction mixture com-
prises a solvent. For this reaction step (a) conventional solvent can be used. It is pre-
ferred that the solvent comprises water. Furthermore the solvent may be water.

The alkoxylation in the process of the present invention is conducted using an alkylene
oxide. The alkylene oxide is preferably an alkylene oxide wherein the alkylene group
has 2 to 5 carbon atoms. Examples are ethylene oxide and propylene oxide. Preferably
the alkylene oxide is ethylene oxide.

After completion of the first alkoxylation step (a) the second polymer of formula (1)
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is added in step (b). In formula (1) the variables have the following meaning.

R is a linear or branched alkyl group having from 1 to 20 carbon atoms, each R’ is in-
dependently a linear or branched alkyl group having from 1 to 20 carbon atoms or hy-
drogen, each n is independently from 1 to 5 and m from 5 to 40.

Within the meaning of the present invention the term polymer does also encompass a
polymer mixture including a polymer as defined in more detail, wherein this polymer is
preferably the main component of the mixture, preferably in an amount of at least

50 wt.-%, more preferred of at least 75 wt.-% based on the total weight of the mixture.

Preferably, R is in formula (l) a linear or branched alkyl group having 1 to 10 carbon
atoms. More preferred R is an alkyl group having 1 to 4 carbon atoms. Even more pre-
ferred R is methyl.

Preferably each R’ is independently methyl or hydrogen.

Preferably each n is the same and more preferred nis 1.

The definition of R’ and n results in a monomer unit having a repeating motive wherein
each unit is identical which is preferred or where there are two or more different
monomer units. In case there are more monomer units it is preferred, that only two dif-
ferent monomer units are present, wherein the different monomer units can be distrib-
uted statistically or block wise.

Preferably m in formula (l) is from 5 to 30.

Preferably, the molecular weight of the second polymer of formula (I) M, is from 300 to
3000 g/mol.

After having added the second polymer of formula (1) the solvent can be removed at
least partially in step (c).

The removal can be conducted by methods known in the art including distillation under
vacuum and/or heat.



10

15

20

25

30

35

40

WO 2009/065805 PCT/EP2008/065671

Stripping gases may also be used to remove the solvent. In some cases, adsorbing
materials like molecular sieves or zeolites can be used.

It is preferred that the solvent is removed completely. However it may be acceptable to
remove the solvent in part, preferably in that remaining content of the solvent is in the
ppm range (lower than 1000 ppm).

In step (d) of the process of the present invention the resulting reaction mixture of step
(c) is further reacted with alkylene oxide at a given temperature until the average de-
gree of alkoxylation of each NH group and each optional NH, group, calculated as two
NH groups, of the first polymer is from 2 to 40.

More preferred the average degree of alkoxylation is from 2 to 20.

The given reaction temperature in step (d) is preferably in the range of from 55 °C to
160 °C.

Preferably the temperature is in the range from 80 to 120 °C.

The alkoxylation in step (d) is preferably conducted in the presence of a base catalyst,
which is in general known in the art and may be sodium hydroxide or potassium hy-
droxide.

The base catalyst is added before the further reacting in step (d). The catalyst may be
added after step (c) or between step (b) and (¢) or between step (a) and step (b). It is
also possible to start with the at least partial removing in step (c), to add the catalyst
and to complete the at least partial removing of the solvent so that the addition of the
catalyst is conducted during step (c).

Another object of the present invention is a polymer composition obtainable from the
process of the present invention comprising the alkoxylation products of the first and

the second polymer.

This polymer composition can be used in cleaning compositions without separating the
alkoxylation products.

It is preferred that the alkoxylation product of the second polymer is from 1 to 10 % by
weight based on the amount of the alkoxylation product of the first polymer.

Examples
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Example 1 (PEI 5000-10 EO/NH-7 PO/NH)

1012.7g Lupasol G100 ® of BASF AG, Ludwigshafen (Germany), which is an aqueous
solution with 50 wt% of polyethylene imine with an average molecular weight of 5000
g/mol (PEI 5000), are flushed in an 2 litre autoclave at 80 °C with nitrogen up to 5 bar.

The temperature is raised to 120 °C and 466.3 g ethylene oxide is added within 310
minutes. The reaction mixture is stirred for 2 hours. The resulting product is cooled
down, flushed with nitrogen and degassed resulting in a yellow viscose liquid (1472 g).

168.7 g of that liquid is combined with 14.88 g of a KOH solution (40 wt%) and 17.85 g
of Pluriol A 350 E ® of BASF AG, Ludwigshafen (Germany), which is the monomethyl
ether of polyethylene glycol with an average molecular weight of 350 g/mol. The result-
ing mixture is flushed with nitrogen and subjected to vacuum increasing the tempera-
ture from 70 °C to 120 °C at 20 mbar for 3 hours to remove the water. After that 586 g
ethylene oxide are added at 145 °C and reacted for 60 minutes. Subsequently 576 g
propylene oxide is added at 145 °C and reacted for 60 minutes. The polymer composi-
tion is cooled down to 80 °C and flushed with nitrogen resulting in 1260 g of the prod-
uct.
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Example 2

Dynamic viscosities [mPas] are measured using the apparatus HAAKE Rheostress RS
150, method conus-plate.

polymer 100 °C 120 °C 140 °C
PEI 5000 + 1 EO/NH 28000 8400 ca. 6000
PEI 5000 + 1 EO/NH + 15 wt.-% Pluriol A 350 E | 3800 1300 620
Example 3

Polymer from diethylenetriamine + adipic acid (36:35) + 30 EO/NH

1379,2 g polymer obtained by condensing diethylenetriamine and adipic acid (molar
ratio 36:35) in form of an aqueous solution (73 %) is introduced into an autoclave at
70°C and flushed with nitrogen up to 5 bar. The temperature is raised to 90°C and
210,6 g ethylene oxide is added in portions during 3,5 h. To complete the reaction, the
mixture is stirred for further 3 h. A yellow viscous liquid is obtained (1565 g, 76,7 % in
water), consisting of a polymer from diethylenetriamine and adipic acid with 0.9 ethyl-
ene oxide per NH bond. The iodine color number is 1,4 (10 % in water).

The obtained polymer (179,2 g) is introduced into an autoclave and 9,29 g potassium
hydroxide (50 % solution in water) and 27,5 g Pluriol A 1000 E of BASF AG, Ludwig-
shafen (Germany), which is the monomethylether of polyethylene glycol with an aver-
age molecular weight of 1000 g/mol. The resulting mixture is flushed with nitrogen and
subjected to vacuum increasing the temperature to 90°C at 20 mbar for 2 hours to re-
move the water. 792 g ethylene oxide are added at 90°C. The mixture is allowed to
post-react for 3 hours. The polymer composition is cooled to 80°C and flushed with
nitrogen. A brown solid is obtained (950 g), consisting of a polymer from diethyl-
enetriamine and adipic acid with 30 mol ethylene oxide per mol NH bond.

Example 4

Dynamic viscosities [mPas] are measured using the apparatus HAAKE Rheostress RS
150, method conus-plate.

polymer 100°C 130°C

DETA+ADS (36:35)+0,9 EO/NH 105 000 15000

DETA+ADS (36:35)+0,9 EO/NH+ 20 wt.-% Pluriol A 1000E 47 000 ca. 4000
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Example 5:

Polymer from diethylenetriamine + adipic acid (5:4) + 5,3 EO/NH

1373,5 g polymer obtained by condensing diethylenetriamine and adipic acid (molar
ratio 5:4) in form of an aqueous solution (69 %) is introduced into an autoclave at 70°C
and flushed with nitrogen up to 5 bar. The temperature is raised to 90°C and 303 g
ethylene oxide is added in portions during 3 h. To complete the reaction, the mixture is
stirred for further 1 h. A yellow viscous liquid is obtained (1660 g, 67 % in water), con-
sisting of a polymer from diethylenetriamine and adipic acid with 0.9 ethylene oxide per
NH bond.

The obtained polymer (375 g) is introduced into an autoclave and 26,5 g potassium
hydroxide (40 % solution in water) and 76,8 g Pluriol A 1000 E of BASF AG, Ludwig-
shafen (Germany), which is the monomethylether of polyethylene glycol with an aver-
age molecular weight of 1000 g/mol. The resulting mixture is flushed with nitrogen and
subjected to vacuum increasing the temperature to 90°C at 20 mbar for 2 hours to re-
move the water. 344,8 g ethylene oxide are added at 90°C in portions during 2 hours.
The mixture is allowed to post-react for 3 h. The polymer composition is cooled to 80°C
and flushed with nitrogen. A light brown viscous liquid is obtained (690 g), consisting of
a polymer from diethylenetriamine and adipic acid with 5,3 mol ethylene oxide per mol
NH bond. The iodine color number is 1,0 (10 % in water).
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Patent claims
1. Process for the alkoxylation of a first polymer comprising at least one mono-

mer unit having NH groups and optionally NH, groups, wherein the first poly-
mer has a molecular weight M,, of at least 500 g/mol, comprising the steps of

(@)

(b)

(c)

(d)

reacting the first polymer with alkylene oxide in a reaction mixture com-
prising a solvent until the average degree of alkoxylation of each NH
group and each optional NH, group, calculated as two NH groups, is
from 0.75 to 1.25;

adding a second polymer of formula (l)

wherein R is a linear or branched alkyl group having from 1 to 20 carbon
atoms, each R’ is independently a linear or branched alkyl group having
from 1 to 20 carbon atoms or hydrogen, each n is independently from 1
to 5 and m is from 5 to 40, to the reaction mixture of step (a);

at least partially removing the solvent from the reaction mixture of step
(b); and

further reacting the reaction mixture of step (c¢) with alkylene oxide at a
given temperature until the average degree of alkoxylation of each NH
group and each optional NH, group, calculated as two NH groups, of the
first polymer is from 2 to 40.

2. Process of claim 1, wherein the first polymer is polyalkylene imine, a polyvinyl
amine, polyether amine, or an amino group containing poly amide.

3. Process of claim 2, wherein the first polymer is polyethylene imine.

4. Process of one of the claims 1 to 3, wherein the alkylene oxide is ethylene
oxide.

5. Process of one of the claims 1 to 4, wherein the solvent comprises water.



10

15

20

25

30

WO 2009/065805 PCT/EP2008/065671

10.

11.

12.

13.

14.

15.

16.

10

Process of one of the claims 1 to 5, wherein in formula (I) R is a linear or
branched alkyl group having 1 to 10 carbon atoms.

Process of one of the claims 1 to 6, wherein in formula (1) each R’ is inde-
pendently methyl or hydrogen.

Process of one of the claims 1 to 7, wherein in formula (1) nis 1.

Process of one of the claims 1 to 8, wherein in formula (I) m is from 5 to 30.

Process of one of the claims 1 to 9, wherein in step (c) the solvent is at least
partially removed by distillation.

Process of one of the claims 1 to 10, wherein the average degree of alkoxyla-
tion of the first polymer in step (d) is from 2 to 20.

Process of one of the claims 1 to 11, wherein step (d) is conducted at a tem-
perature in the range of from 55°C to 160°C.

Process of one of the claims 1 to 12, wherein step (d) is conducted in the
presence of a base catalyst.

Polymer composition obtainable from the process of one of the claims 1 to 13
comprising the alkoxylation products of the first and the second polymer.

Polymer composition of claim 14, wherein the amount of the alkoxylation
product of the second polymer is from 1 to 10 % by weight based on the

amount of the alkoxylation product of the first polymer.

Use of a polymer composition of claim 14 or 15 in a cleaning composition.
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