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ABSTRACT

The invention relates to an aqueous polymer composition which
is used 1in the form of ‘a cement grinding aid and makes 1t
possible to effectively reduce the grinding time and to obtain
cements exhibiting excellent characteristics. A cement
grinding aid containing a combination of polymer A and known

cement grinding aids is also disclosed.
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CEMENT GRINDING AID

Technical field

The invention relates to the field of cement grinding
aids. '

State of the art

The production of cement is a very complex proc'ess.,
Cement 1s known to be very sensitive toward water,
irrespective of whether it is present in the liquid or
gaseous state, since cement sets hydraulically, i.e. it
hardens under the influence of water within a short

‘time to give' a very stable solid body. A central step

in cement production ’i.s the grinding of the clinker.
Since clinkers are very hard, the comminution is very
demanding. For the properties of the cement, it is
important that 1t 1is present as a fine powder. ' The
fineness of the cement 1is therefore an important
quality.feature. In order to facilitate the comminution
to powder form, so-called cement grinding aids are
used. This greatly reduces the grinding times and
energy costs. Such cement grinding aids are typically
selected from the class comprising glycols such as
alkylene glycols, amines or amino alcohols.

For example, US 5,084,103 describes trialkanolamines,

such as triisopropanolamine - (TIPA) ox
N, N-bis (2-hydroxyethyl) -N- (2-hydroxypropyl ) amine and
tris(2-hydroxybutyl)amine as  grinding aids for
clinkers.

In addition, water-soluble polycarboxylates are known
from WO 97/10308 or EP 0 100 947 Al as grinding aids
for the production of aqueous suspensions of minerals

such as lime or pigments, especially for wuse in
papermaking. US 2002/0091177 Al describes the use of
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polymers composed of ethylenically unsaturated monomers
as a grinding aid for producing aqueous suspensions of
ground mineral fillers. This document further discloses
that a cement which is mixed with such an aqueous
suspension leads to improved early strength. However,
none of these documents discloses a cement grinding
aid.

The use of so-called concrete plasticizers has been
known for some time. For example, EP 1 138 697 Bl or

EP 1 061 089 Bl discloses that (meth)acrylate polymers

with ester and optionally amide side chains are
suitable as concrete plasticizers. In this case, this
concrete plasticizer is added to the cement as an
additive or added to the cement before the grinding,
and leads to high plastification, for example reduction
in the water demand, of the concrete or mortar produced
therefromn.

Description of the invention

1t .haS- now been found that, surprisingly, aqueous
compositions comprising at least one polymer A of the
formula (I) can also be used as cement grinding aids,
especially in combination with amino alcohols. It has
further been found that, surprisingly, the combination
of the polymers A with the customary cement grinding
aids can remedy Or greatly reduce the disadvantages of

the known grinding aids without the advantageous
effects of the polymer A being lost.

Ways of performing the invention

The present invention relates to the use of aqueous
compositions as cement grinding aids. The aqueous

composition comprises at least one polymer A of the
formula (I).
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In this fo'rmula, M are each independently H, alkali
metal ion, alkaline earth metal ion, di- or trivalent
metal ion, ammonium ion or organic ammonium groups. The
term “each independently” means here and hereinafter in
each case that a substituent may have different
available definitions in the same molecule. For
example, the polymer A of the formula (I) can
simultaneously have carboxylic acid groups and sodium
carboxylate groups, which means that H* and Na' each
independently mean for R; in this case. '

It 1is clear to the person skilled in the art firstly
that the group is a carboxylate to which the ion M is
bonded, and that secondly, in the case of polyvalent
ions M, the charge has to be balanced by counterions.

Moreover, the substituents R are each independently
hydrogen or methyl. This means that the polymer A is a

substituted poly(acrylate), poly(methacrylate) or a
poly((meth)acrylate).

In addition, the substituents R' and R? are each
independently C;- to Cyp-alkyl, cycloalkyl, alkylaryl or
—[AO]N-R4. In this formula, A is a C,- to Cs-alkylene
group and R® is a C;- to Cyo-alkyl, cyclohexyl or alkyl-
aryl group, while n is from 2 to 250, in particular
from 8 to 200, more preferably from 11 to 150.

In addition, the substituents R’ are each independently
-NH,, -NR’R°, -OR’NR®R’. In these substituents, R® and R®
are each 1ndependently H or a C;- to Cy-alkyl, cyclb—
alkyl or alkylaryl or aryl group, or a hydroxyalkyl
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group or an acetoxyethyl (CH3-CO-0O-CH,-CH,-) or a
hydroxyisopropyl (HO-CH (CH3) -=CH5,-) o.f an acetoxy-
isopropyl group (CH3;-CO-0O-CH(CH;)-CH,-), or R’ and R®
together form a ring, of which the nitrogen is part, to
5 form a morpholine or imidazoline ring. Moreover, the
substituents R® and R’ here are each independently a Ci-
to  Cz-alkyl, cycloalkyl, alkylaryl, aryl or a
hydroxyalkyl group, and R’ is a C;-Cs-alkylene group.

10 Finally, the indices a, b, ¢ and d are molar ratios of
these structural elements in' the pOlymer A of the
formula (I). These structural 'eléments are in a ratio
relative to one another of '

15 . a/b/c/d = (0.1-0.9)/(0.1-0.9)/(0-0.8)/(0-
0.3), 1n particular a/b/c/d = (0.1-0.9)/(0.1-0.9)/(0-
0.5)/(0-0.1), preferably a/b/c/d = = (0.1-0.9)/(0.1-

0.9)/(0-0.3)/(0-0.06), while the sumof a + b + ¢ + d =

l. The sum of ¢ + d is preferably greater than O.
20 '

The polymer A can be prepared by free-radical
polymerization of the particular monomers

25 or by a so-called polymer-analogous reaction of a
polycarboxylic acid of the formula (III)

R R R R

d (1)
HO ~0 HO O HO OHO O
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In the polymer-analogous reaction, the polycarboxylic
acid 1s esterified or amidated with the corresponding
alcohols, amines. Details of the polymer-analogous
reaction are disclosed, for example, in EP 1 138 697 Bl
on page 7 line 20 to page 8 1line 50, and 1in 1its
examples, or 1n EP 1 061 089 Bl on page 4 line 54 to
page 5 line 38 and in its examples. In a variation
thereof, as described in EP 1 348 729 A1~"on page 3 to
page 5 and 1n its examples, the polymer A can be
prepared in the solid state of matter.

It has been found that a particularly preferred
embodiment of the polymér i1s that in which c¢c + d > 0,
in particular d > 0. A particularly advantageous R’
radical has been found 1in particular to Dbe
~NH-CH,-CH;-OH. Such polymers A have a chemically bonded
ethanolamine, which constitutes an extremely efficient
corrosion 1inhibitor. The chemical attachment of the
corrosion inhibitor greatly reduces the odor in
comparison to where it 1s merely admixed. Moreover, it
has Dbeen found that such polymers A also have
significantly greater plastification properties.

The aqueous composition 1s prepared by adding water in
the preparation of the polymer A of the formula (I) or

by subsequent mixing of polymer A of the formula (I)
with water.

Typically, the proportion of the polymer A of the
formula (I) is from 10 to 90% by weight, in particular
from 25 to 50% by weight, based on the weight of the
agqueous composition. |

Depending on the type of polymer A of the formula (I),

a dispersion or a solution is formed. Preference 1is
given to a solution.
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The agqueous composition may comprise further
constituents. Examples thereof are solvents or

additives as are customary 1n concrete technology,
especially surfactants, heat and 1light stabilizers,
dyes, def oamers , accelerants, retardants, corrosion

inhibitors, air pore formers.

In one embodiment of the  1invention, the aqueous
composition used as the cement grinding aid - referred
to hereinafter as CA - apart 'frOm at least one polymer'
A of the formula (I), does not comprise any further

grinding aids.

In a preferred embodiment of the invention, the aqueous
composition used as a cement grinding aid - referred to
hereinafter as CAGA - 1n addition to at 1least one
polymer A of the formula (I) as has been described
above, comprises at least one further grinding aid.
This further grinding aid is selected in particular
from the group comprising glycols, organic amines and
ammonium salts of organic amines with carboxylic acids.

Suitable glycols are in particular alkylene glycols, in
particular of the formula OH- (CH,-CH;-0),-CH,CH,-OH where
n = 0-20, in particular 0, 1, 2 or 3.

Suitable organic amines are especially alkanolamines,
in particular trialkanolamines, preferably tri-
isopropanolamine (TIPA) or triethanolamine (TEA).

The aqueous composition is added to the clinker before
the grinding and then ground to give the cement. In
principle, the aqueous composition can also be added
during the grinding process. However, preference 1is
given to addition before the grinding. The addition can
be effected before, during or after the addition of
gypsum and 1f appropriate other grinding additives; for
example lime, blast furnace slag, fly ash or pozzolana.
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The aqueous composition may also be used for the
production of blend cements. To this end, individual

cements which are each prepared separately by grinding

with the aqueous composition can be mixed, or a mixture

of a plurality of cement clinkers i1s ground with the
agqueous composition in order to obtain a blend cement.

It will be appreciated that it is possible - even if
this 1s not preferred - 1instead o0of an aqueous
composition CAGA, also to combine and to use an agueous

composition CA together with a grinding aid, which

means that this aqueous composition 1is used separately
from the further grinding aid in the grinding.

The agqueous composition 1s preferably added to ~the
clinker such that the polymer A of the formula (I) is

0.001-1.5% by weight, in particUlar between 0.005 and
0.2% by weight, preferably between 0.005 and 0.1% by
weight, based on the clinker to be ground.

It has therefore been found, inter alia, that even
significantly smaller concentrations of the polymer A

in relation to the cement can be used effectively as

- cement grinding aids than they are known to be added to

the cement as a plasticizing additive, 1i.e. typically
0.2 to 1.5% polymer A.

The grinding process is effected typically in a cement

grinder. However, 1t 1s also possible in principle to

use other grinders as known in the cement industry.
Depending on the grinding time, the cement has
different fineness. The fineness of cement is typically
reported in cm?/g according to Blaine. On the other
hand, the particle size distribution is also relevant
to practice for the fineness. Such particle size

analyses are typically determined by laser granulometry
or air jet sieves. '
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The use of the i1inventive aqueous composition allows the
grinding time to achieve the desired fineness to be
reduced. The energy costs reduced as a result make the
use of these coment grinding aids economically very
interesting. '

It has been found that the aqueous compositions are
very suitable as cement grinding aids. It is pOssible
to use them to produce a wide variety of different
cements from clinker, especially those cements CEM-I
(Portland cement), CEM II and CEM III (blast furnace

.~ cement) classified according to DIN EN 197-1.

Preference 1s given to CEM-I.

' The addition of the aqueous compositions reduced, for
example, the grinding time up to achievement of a

particular Blaine fineness. The use of the inventive
agueous composition thus allows the grinding time to
achieve the desired fineness to be reduced. The energy
costs reduced as a result make the use of these cement
grinding alds economically very interesting.

It has also been found that, when aqueous compositions
CA are used, only a small amount of, if any, air enters

the hydraulically setting compositions, ‘ especially
mortars, formulated with the cement, whereas it is

present to a particularly high degree in the case of
use of alkanolamines as a grinding aid.

Moreover, 1t has been found that the increase in the
water demand found in the case of alkanolamines does
not occur in the case of aqueous compositions CA, or
this 1s even reduced in comparison to the cement
entirely without grinding aid.

- It has also been found that, surprisingly, a

combination of polymer A of the formula (I) with a

further grinding aid in an aqueous composition CAGA
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affords a cement grinding aid which combines the
advantages of the polymer A and of the grinding aid, or

rather reduces or even remedies their disadvantages.

For example, 1t has been found that an aqueous
composition CAGA comprising polymer A and alkanolamine
is an excellent grinding aid, but that .the cement thus
produced - compared with a cement" with only
alkanolamine as a grinding aid - also has a greatly
reduced water demand and that excellent early strengths

can be achieved.

Furthermore, it has been found, for example, that an

agqueous composition CAGA compriSing polymer A and an

alkylene glycol constitutes an excellent grinding aid

and the cement thus produced has excellent hardening

properties.

A particular advantageous aqueous composition CAGA has
been found to be one comprising polymer A and an
alkanolamine and also an alkylene glycol. Such
compositions have been found to be extremely efficient
grinding aids. The cements thus produced have a large

extent of spreading and especially an excellent early
strength.

The cement ground in this way, like any other ground
cement, finds wide use 1n concrete, mortars, casting
materials, 1njections or renders.

When relatively large amounts of polymer A are added to
the cement before the grinding of the clinker, the
plasticizer properties known from polymers A are
evident after they have been blended with water. It is
thus possible in a further preferred embodiment of the
invention to add sufficient polymer A Optionally with a
further grinding aid, in the form of an aqueous
composition, to the <clinker actually before the
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grinding, as are typically added to the cement as an
additive 1n order to achieve a desired plastification
in contact with water. Typically, this amount 1i1is from
0.2 to 1.5% by weight of polymer A in relation to the“
cement. Thus, in this embodiment, no subsequent
admixing of a plasticizer is necessary and a working
step is therefore saved for the user of the cement.
Such a cement therefore constitutes a “ready-to-use”
product which can be produced in large amounts.
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Examples
Polymers A used

Abbreviation

terminal OH groups | ,
terminal OH groups | o
terminal OH groups |
terminal OH groups . '
' terminal OH groups o |
| terminal OH groups
' terminal OH groups

EO-PO(50/50)2000 | Block copolymer formed from 2000 g/mol

ethylene oxide and propylene

oxide in a ratio of 50:50

without terminal OH groups

Table 1 Abbreviations used. *MW = mean molecular weight

The polymers A specified in Table 2 were prepared by
‘means of polymer-analogous reaction from the particular

poly(meth)acrylic acids with the corresponding alcohols
and/or amines 1n a known manner. The polymers A-1 to

10 A-12 are present 1n partly NaOH-neutralized form
(M = H', Na’).

The polymers A are used as cemeht grinding aids as
aqueous solutions. The content of the polymer is 30% by
15 weight (A-4), 35% by weight (A-2) or 40% by weight
(A-1, A-3, A-5 to A-12). These aqueous solutions are
referred to as A-1L, A-2L, A-3L, A-4L,ﬁ A-5L, A-6L,
A-7L, A-8L, A-9L, A-10L, A-11 and A-12L. The
concentrations specified for A in the tables which
20 follow are each based on the content of polymer A. "
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Further cement grinding aids

m Triethanolamine . ]
TIPA Triisopropanolamine . B
m Diethylene glycol '

Table 3 Further cement grinding aids

5 Clinkers used

= Standard clinker for CEM I '

HeidelbergCement, Leimen works, Germany

H Clinker for CEM II/B-M(S-LL)
HeidelbergCement, Lengfurt works, Germany

K-3 |Clinker for CEM I -
~ | Buzzi Unicem S.p.A., Robilante works, Italy

Table 4 Clinkers used

Grinding of the clinker without sulfate carrier
10 .
The clinker was initially crushed to a particle size of
approx. 4 mm. The concentration of different polymers A
specified in Table 5, based on the clinker, were added
to the clinker (400 g) and, without addition of gypsum,
15 ground in a laboratory ball mill from Fritsch without

external heating at a rotational speed of 400
revolutions per minute.

Grinding of the clinker with sulfate carrier
20

20-25 kg of a mixture of the particular clinker and a
sulfate carrier for the cement optimized in each case
were mixed and blended with the particular grihding
aid, or without grinding aid, in the dosage specified
25 1n Tables 6 to 10, and ground in a heatable ball mill
from Siebtechnik at a temperature of from 100 to 1l20°C.

In addition to the grinding time and the sieve residue,
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further typical cement properties were determined with
the ground cement.

Test methods

- grinding timessgo: the time was determined until the
mixture had attained a Blaine fineness of 4500 cmz/g
after grinding in the ball mill.

- fineness: the fineness was determined according to
Blaine by means of a Blaine machine from Wasag Chemie.

- sieve residue: cement which had been ground to a
Blaine fineness of 4500 cm’/g was used to determine the
sieve residue of the fraction of particles having a

particle size of greater than 32 mlcrometers by means

of an air-jet sieve from Alpine Hosokawa

- sieve residueypo: cement which had been ground to a
Blaine fineness of 4000 cm?’/g was used to determine the
sieve residue of the fraction of particles having a
particle size of greater than 32 micrometers by means
of an air-jet sieve from Alpine Hosokawa. '

- water demand: the water demand for so-called

“standard stiffness” was determined to EN 196 on cement
lime. | ‘

- flow table spread: the flow table spread was

determined to EN196 on a standard mortar (water/cement
= 0.5).

- air content: the air content was determined according
to EN 196.

- compressiVe strength: the compressive strength of the
hardened prisms was determined to EN 196.
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The results of the inventive examples and comparative
examples shown hereinafter all derive in each case from

a test series performed in immediate succession, all of
which are compiled in the same table. "

Comparison of different polymers A as cement grinding
aids |

Clinker: K-3 without sulfate carrier

.

Grindingaid | - | A-1 | A-2 | A-3 | A-4 |
Concentration [$ by we)| | 0.02 | 0.0175] 0.02 | 0.015

Blaine finemess fem’/g) | | | | |
A | 21% | 24% | 34% | 24%
A | 18% | 21% | 26% | 21% |
o Aee| ] 18% | 18% | 24% | 18%

Table 5 Ground clinkers without sulfate carrier.
*bhased on clinker.

Comparison of different polyers A 1in comparison to
alkanolamines
Clinker: K-1 with sulfate carrier

Designation Ref. Ref.
il e el B I
Grindingaid =~ | - | TEA | TIPA | A-2 | A-4
Concentration [% by wtl |  10.024 | 0.0255 | 0.0105 | 0.009
Blaine fineness [em’/fgl | | V| 1
- A | 8% | 5% | 0% | -3%

Al | 4% | 8% | 4% | 2%

- Al | e | 5% | 3% | 1%
- M| p 2% | 0% ] 18 | 3%
- BMees| | 9% | 10% | 3% | 6%

Table 6 Polymers A as grinding aids. *based on clinker.
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Comparison of grinding aids
Clinker: K-1 with sulfate carrier

Designation
1— 3 3

—mm

Tl Ml Ml i
[% by wt] | |

Al | +11% | 4128 | -1% ] -7% | -4%

i il
[cm]

A -ow [ -aw | iz | vaie |eise
AL e los | os [ ese [
Grinding timess [min) | 100 | 85 | 85 | 87 | 92 | 90
ALl I isef-ise [ 13w | -es [-iow

Table 7 Polymers A as grinding aids. *based on clinker.



CA 02571484 2006-12-20

- 17

*ISNUTTO UO posed, °‘SpTe BUTPUTIS S SaINIXTW SUTWeTOoUeNTe/¥ ISWATOJ 8 m.nnm.&

T %z | ¢ | _ev_ [ sei- | s | ev | ®e- | wei- [ v
6t | 68c ©zc | 6€ | 96c | 69¢ | €ec | ecee | © L3V
50N S _ ¥TT_| ee1 | we- - I~
e | T0E | €06 | 192 x| ez memw
X LT B %91 | ezz | e | sev- | 0 [*v 0000000000000
78t | 681 1 | 81 | c6f | £t | vt | TeT o vz 1933%
- r—— v r r -
- 85s- | szy- | sse- | we- | %8y~ | %8y- | %Lz- | %€~ | 00000
—t6 | stel | €S Er |80z | vi 0T | L6°0T | vi'sT | 8e0z | €807 _
“%Gi- | wet- | epi- | ®er- | w6i- | wei- | wot- | eet- |
S8 | 18 | 98 | 8 | % | e | ve | 18
%0z | ®LT | w0z | %0 | et | %0T | w0t | %0
o€ | ¢ | o€ | € | ve | €€ | €€ [ €
9T | A 7°8T | ¥°9T | 6°9T 8°9T | ¥°'8T [wo] peaads a7qel MOTd
w1 | 85 | w5 | - | st | %5 | % [
"6°6c | cec | o6c | voeer | L6z | vec | 08c (3] puewep Jo3eM
- €/0 | z/t | 1/ | 0/¢ €/0 /T 1/2 SUTWeTOoUeY1eTI3/I-¥
8070 [9es00 [woeo 0| | [ | ~ ["3m Aq %] vaiz
T 860 |ses00 [F3m Aq 3] Vaz
[T [ vozo0 [ oesoo [ 8000 [  |wezo-0 3m Aq 3] T-¥
or-9 | or-9 | ar-s | ®»-9 | pr-s uoTIvubTSeq

. E
* .
+

pTe BUTPUTID

VdIL/T-Y
. . - IDTIILRD B3RIINS YITM T-N INUTITD
(VOYD) SpTe DUTPUTID St S9INIXTW auTweloueTe/¥ SIB2WATOd



CA 02571484 2006-12-20

- 18 -

Polymers A/alkanolamine mixtures as grinding aids.
(CAGA) '
Clinker: K-2 with sulfate carrier

Designation Ref. Ref. 4-5 1-5 7-5
Grinding aid - A~-1 | a- | a-1/TIPa
P e | T
1 o0.07

DEG (% by wt.]

007 [ I
TEA [% by wt.] | o002 | fo.0085|
TIPA [% by wt.] 1 1 o.ooes
A-1 (% by wt.] | Jo.032] 0.02a | o0.024 _
Water demand 53 25.2 26 .2 24 .4

Flow table spread 19.3 18 20 19.5 19.8

H
®
h

I
¥
0@
LV
oe

0
A

Compressive
strength [N/mm?]

25.1 | 22.1 | 24.5
SR 7S R BTN T TN AT
53.7 | 52.6 54.2

Al T os Taw | 1w | 2w
I R R R R R
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Claims

1. The use of an agueous composition comprising at
least one polymer A of the formula (I) as a cement

5 grinding agent

d (1)

where
M = each independently H', alkali metal 1on,
alkaline earth metal ion, di- or trivalent

10 . metal ion, ammonium 1on Or organic ammonium
, group, .
R = each R, independently of the others, 1s

hydrogen or methyl ., |
R' and R? each independently C;. to Cyo-alkyl,
15 ' cycloalkyl, alkylaryl or -[AO],-R%,

where A = C,- to Cs-alkylene, R* = Ci- to
C,o—alkyl, cyclohexyl or alkylaryl;
and n = 2-250,
R} = -NH,, -NR°R®, -OR'NR°R’,

20 where R° and R® are each independently
H or a Ci- to Cyo-alkyl, cycloalkyl or
alkylaryl or aryl group;
or
is a hydroxyalkyl group,

25 Oor an
_acetOX_yethyl (CH3—CO-O—CH2—CH2—) or a
hydroxyisopropyl (HO-CH(CH;)-CHz-) oOr an
acetoxyisopropyl group (CH3-CO-O-CH{CHj3)-
CHy-) , '

30 or R’> and R® together form a ring,
of which the nitrogen is part, to form a
morpholine or imidazoline ring,

where R’ is a C,-Cs-alkylene group,
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and R® and R’ are each independently a
Ci- to Cyp-alkyl, cycloalkyl, alkylaryl,
aryl or a hydroxyalkyl group, '
and where a,'b, c and d are molar ratios.ahd
a/b/c/d = (0.1-0.9)/(0.1-0.9)/(0-0.8)/0-0.3),
and a + b+ ¢ +d=1. '

The use of an aqueous composition as claimed in
claim 1, characterized in that n = 8-200, more
preferably n = 11-150.

The use of an aqueous composition as claimed in
claim 1 or 2, characterized in that

a/b/c/d& =  (0.1-0.9)/(0.1-0.9)/(0-0.5)/(0-0.1),
preferably

a/b/c/d = (0.1-0.9)/(0.1-0.9)/(0-0.3)/(0-0.06).

The use of an aqueous composition as claimed 1in
claim 3, characterized in that c + d > 0. '

- The use of an aqueous composition as claimed 1in

one of the preceding claims, characterized in that
the proportion of the polymer A of the formula (I)
is from 10 to 90% by weight, in particular from 25

to 50% by weight, based on the weight of the
aqueous composition. '

The use of an aqueous composition as claimed in

one of the preceding claims, characterized in that
the composition is a dispersion.

The use of an aqueous composition as claimed in
one of claims 1 to 5, characterized in that the
composition is a solution.

The use of an aqueous composition as claimed in
one of the preceding claims, characterized in that

the aqueous composition comprises further grinding
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aids or in that 'the agqueous composition 1is
combined together with further grinding aids. '

The use of an aqueous composition as claimed in

claim 8, characterized 1in that the further
~grinding aid 1is selected from the group comprising

glycols, organic amines and ammonium salts of
organic amines with carboxylic acids.

The use of an aqueous composition as claimed in

~claim 9, characterized in that the organic amine

is a trialkanolamine, especially triisopropanol-
amine or triethanolamine.

The use of an agueous composition as claimed 1in

one of the preceding claims, characterized in that

- the aqueous composition is added to the clinker

such that the polymer A of the formula (I) 1is
0.001-1.5% by weight, in particular between 0.005
and 0.2% by Weight, preferably between 0.005 and
0.1% by weight, based on the clinker to be ground.

A process for producing cement, characterized in
that an aqueous composition comprising at least
one polymer A of the formula (I) 1s added to the
clinker before the grinding and the mixture is
thén ground to give the cement

R R R R
* a b c ¥ .
d
(1)
MO~ 0 cl> 0 HI}I O R O
R R°
where
M = each independently H', alkali metal ion,

alkaline earth metal 1ion, di- or trivalent

metal i1on, ammonium 1on Or oOorganic ammonium

group,
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= each R, independently of the others, is

hydrogen or methyl,

and Rz' = each independently Ci- to Czp-alkyl,
cycloalkyl, alkylaryl or -[AOl.-R*,

C,- to Cs-alkylene, R* = C;- to
Cao-alkyl, cyclohexyl or alkylaryl;
and n = 2-250, '

= -NH,, -NR’R®, -OR'NR°R’,

where R® and R® are each independently

where A

a Ci;- to Cyo-alkyl, cycloalkyl or
alkylaryl or aryl group;

or _
is a hydroxyalkyl group,

Oor an |
acetoxyethyl (CH;-CO-0-CHy-CHz-) or a
hydroxyilsopropyl (HO-CH(CH3) -CH,-) or an
acetoxyisopropyl group (CH3-CO-O-CH(CHj) -
CH,-) ,

or R® and R® together form a ring,
of which the nitrogen is part, to form a
morpholine or imidazoline ring,

wher'e R’ is a Cz—C4-alkylene group,

and R’ and R’ are each independently a C;- to

Coo—alkyl, cycloalkyl, alkylaryl, aryl or a

hydroxyalkyl group,

and where a, b, ¢ and 4 are molar ratios and

a/b/c/d = (0.1-0.9)/(0.1-0.9)/(0-0.8)/0-0.3),
and a + b +¢c +d = 1. ' '
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