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Use of polymers as assistants in the drying of aqueous polymer
dispersions

The present invention relates to the use of polymers I which, in
polymerized form, are composed of

from > 80 to 100% by weight of at least one monomer of the
formula I or salts thereof {(monomer a)

CHy = —C——X—-C——R4——SO3H (1),
1,
where R1, R2, R3 independently of one another, are each H or
Ci-Cs—~alkyl,
R4 C1~Cs-alkylene and
X is 0 or NH
and

from 0 to < 20% by weight of at least one monomer capable of free
radical copolymerization (monomer b)

as assistants in the drying of aqueous dispersions of polymers II
which differ from the polymers I.

The present invention also relates to the polymer powders which
are obtained in the drying and are redispersible in water, and
the use of these powders {for example as additives in mineral
binders or as binders for synthetic resin renders) and
dispersions of polymers II, which dispersions are required for
the preparation of the powders.

Aqueous polymer dispersions are generally known. They are systems
which essentially contain spherical coils of intertwined polymer
chains (ie. polymer particles) as the disperse phase. As in the
case of polymer solutions on evaporation of the solvent, aqueous
polymer dispersions have the potential to form polymer films when
the aqueous dispersing medium has evaporated, and they are
therefore used in particular as binders, adhesives and coating
materials. Of key importance for the properties of aqueous
polymer dispersions is the size of the polymer particles present
therein as the disperse phase. In particular, properties such as
the viscosity of the aqueous polymer dispersion or the gloss of
its films are dependent on the diameter of the dispersed polymer
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particles or, more precisely, on the diameter distribution
function of the dispersed polymer particles (for the identical
polymer, £ilms of small polymer particles generally have higher
gloss; a broad diameter distribution results, as a rule, in a
lower viscosity of the agqueocus polymer dispersion; dispersions of
small polymer particles have, as a rule, a greater pigment
binding capacity, etc.

However, one disadvantage of the application form agueous polymer
dispersion is that, as a rule, it is not prepared and used in the
same place. Its transport from the place of preparation to the
place of use implies, however, the additional transport of the
dispersing medium water, which is readily available everywhere,
in addition to transport the polymer, which ultimately is
essentially the only constituent of the polymer film.
Furthermore, aqueocus polymer dispersions can be added to mineral
binders to modify the latter only at the place of use, since said
binders otherwise cure before use.

A desirable form of any aqueous polymer dispersion is therefore
that of its polymer powder which redisperses when water is added.

In principle, polymer powders which are redispersible on addition
of water are obtainable by drying the agqueous polymer

dispersions. Examples of such drying processes are freeze drying
and spray drying. The latter method, in which the polymer
dispersion is sprayed in a warm air stream and dried, is
particularly advantageous for producing large amounts of powders.
The air used for drying and the sprayved dispersion are preferably
passed cocurrently through the drver, (cf. for example EP-A 262326
or EP-A 407889).

However, the disadvantage of the polymer powders produced by
drying aqueous polymer dispersions is that their redispersibility
on addition of water may in general not be completely
satisfactory insofar as the polymer particle diameter
distribution resulting during redispersion is as a rule different
from that in the aqueous starting dispersion (primary particle
diameter distribution).

This is due to the fact that agqueous polymer dispersions do not
form thermodynamically stable systems. Rather, the system tends
to reduce the polymer/dispersing medium interface by combining
small primary particles to form larger secondary particles (e.g.
specks, coagulum), which, in the state of dispersed phase in an
aqueous medium, can be prevented for a relatively long time by
adding dispersants. During drying, however, the separating effect
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of the dispersants is frequently not always efficient when
irreversible formation of secondary particles takes place to a
certain extent, ie. the secondary particles are retained as such
on redispersiom and impair the performance characteristics of the
aqueous polymer dispersions obtainable in the course of the
redispersion.

It has long been known that there are substances which, when
added to aqueous polymer dispersions, reduce the phenomenon of
irreversible secondary particle formation during drving. These
substances are known collectively by the term dryving assistants.
They are often known in particular as spray assistants, as spray
drying promotes the formation of irreversible éecondary particles
to a particular extent. At the same time, they generally reduce,
during spray drying, the formation of polymer coating which
remains adhering to the dryer wall, and thus result in an
increase in the powder yield.

EP-A 629650 discloses that polymers {(Polymers III) which are
obtainable by free radical polymerization, in an aqueous medium,
of monomer mixtures comprising from 15 to 80% by weight of at
least one monomer of the general formula I and from 20 to 85% by
weight of monomers capable of free radical copolymerization
suitable as spray assistants in the spray drying of aqueous
polymer dispersions. US-3965032 relates to the use of polymers
IIT as dispersants in aqueous polymer dispersions. However, the
disadvantage of the polymers III of EP-A 629650 is that they may
not be completely satisfactory when used as aids in the drying of
agqueous polymer dispersions.

It is an object of the present invention to provide the use of
aids which are more suitable for drying aqueous polymer
dispersions. Therefore this object is achieved by the use of
polymers I which is defined at the outset.

Polymers I and processes for their preparation in a very wide
range of molecular weights are generally.known.

JP-A 2/173108 describes, for example, the preparation of homo- and
copolymers of 2-acrylamido-2-methylpropanesulfonic acid and salts
thereof. As potential use for these polvmers, JP-A 2/173108
envisages only their use as dispersants for inorganic materials
in an aqueous medium.
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US~-A 5 294 686 discloses a process for the preparation of low
molecular weight 2-acrylamido-2-methylpropanesulfonic acid
polymers and the use thereof as dispersants and corrosion
inhibitors.

JP-A 6/122842 relates to the preparation of polymers I and the use
thereof as additives in underwater antifouling compositions.

Us-3 936 400 recommends low-molecular weight
2-acrylamido-2-methylpropanesulfonic acid polymers as viscosity
regulators in oil production.

AU-A 35611/84 relates to water-soluble polymers which contain
carboxyl, sulfate or sulfonic acid groups and are terminated by
-0H, —-COOH or C-i-zalkyl groups. These polymers are recommended as
dispersants for particulate materials.

EP-A 123329 recommends, inter alia, copolymers of acrylic acid and
2—-acrylamido-2-methylpropanesulfonic acid as dispersants in
aqueous pigment dispersions.

Us-469816 discloses the use of a mixture of two polymers for
dispersing a material consisting of ﬁarticles. One of the
polymers of the mixture is polyacrylic acid and the other is
poly-2-acryl-amido-2-methylpropanesulfonic acid.

DE-A 3232811 relates to the preparation of microcapsules having
polyurea capsule walls in the presence of special
sulfur-con-taining polymers. Among polymers of this type which
are used are homopolymers of 2-acrylamido-2-methylpropanesulfonic
acid having a relative molecular weight of 5000 to 107,

EP~-A 511520 recommends, inter alia, the use of polymers I as
dispersants for the preparation of emulsifier-free aqueous
polymer dispersions.

Polymers I to be used according to the invention preferably
contain copolymerized units, monomers a in which R, R2, R3,
independent of one another, are each H or CH3. Monomers a in which
X is NH are also advantageous. R4 is advantageously Ci1- to
Ci—alkylene. A very particularly preferably used monomer a is
2—acrylamido-2-methylpropanesulfonic acid {(or a salt thereof),

ie. the monomer of the general formula I in which R! is H, R2 and
R? are each CH3, R4 is —CH;- and X is NH.
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Suitable monomers a in salt form are in particular alkali metal
(e.g. Li, Na or K) and alkaline earth metal {Ca or Mg) salts, as
well as salts which are obtainable by neutralizing the free acid
by means of organic amines or ammonia. Polymers I suitable
according to the invention are thus, for example, those which
contain at least 85, or at least 90, or at least 95, or 100% by
weight of monomers a as polymerized units.

Suitable monomers b are all monomers which differ from the
monomers a and are capable of free radical polymerization. These
are, for example, monoethylenically unsaturated monomers, such as
olefins, e.g. ethylene or propylene, vinylaromatic monomers, such
as styrene, O-methylstyrene, o-chlorostyrene or vinyltoluene,
esters of vinyl alcohol and monocarboxylic acids of 1 to 18
carbon atoms, such as vinyl acetate, vinyl propionate, vinyl
n-butyrate, vinyl laurate and vinyl stearate, esters of q,
ﬁ—monoethylenically unsaturated mono- and dicarboxylic acids of
preferably 3 to 6 carbon atoms, such as acrylic acid, methacrylic
acid, fumaric acid and itaconic acid, with alconols of in general
1 to 12, frequently 1 to 8, in most cases 1 to 4, carbon atoms,
in particular methyl, ethyl, n-butyl, iso-butyl, tert-butyl, and
2-ethylhexyl acrylate or methacrylate, dimethyl maleate or
n~-butyl maleate, the nitriles of the abovementioned
a,pf-monoethylenically unsaturated carboxylic acids, such as
acrylnitrile, and contributed Cj-g-dienes, such as 1,3-butadiene
and isoprene. Further suitable monomers b are a,ﬁ
monoethylenically unsaturated mono- and dicarboxylic acids of 3
to 6 carbon atoms and the amides thereof, e.g. acrylic acid,
methacrylic acid, maleic acid, fumaric acid, itaconic acid,
acrylamide and methacrylamide, the moncesters of these carboxylic
acids with polyhydric alcohols, such as hydroxyethyl acrylate or
hydroxy propyl acrylate, and vinylsulfonic acid and
N-vinylpyrrolidone.

If the polymer I to be used according to the invention does not
contain monomer b as polymerized units, it will as a rule be a
homopolymer of a monomer I, for example of
2-acrylamido-2-methylpropansulfonic acid or one of its salts. The
weight average relative molecular weight M, of polymers I to be
uged according to the invention (based on the fully neutralized
sodium salt form) may be, for example from 100 to 106, or from
2000 to 5-105 or from 5000 to 105 or from 1000 to 45,000 or from
7500 to 35,000 or from 10,000 to 25,000.
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In the case of the generally water-soluble sodium salts of the
polymers I, the abovementioned data are based on a molecular
weight determination by the gel permeation chromatography method
using four columns connected in series:

1. Internal diameter : 7.8 mm, Length : 30 c¢m, Separation
material : Toso Hass TSK PW-XL 5000,

2. 1Internal diameter : 7.8 mm, Length : 30 cm, Separation
material : Waters Ultrahydrogel 1000,

3. Internal diameter : 7.8 mm, Length : 30 cm, Separation
material : Waters Ultrahydrogel 500,

4. Internal diameter : 7.8 mm, Length : 30 cm, Sepafation
material : Waters Ultrahydrogel 500.

200 Ul of an 0.1% strength by weight agueous solution of the
polymer I neutralized with sodium hydroxide are added to the
column. The columns are heated at 35°C. The eluent used is an
aqueous 0.08 molar solution of a TRIS-Buffer (pH 7) to which 0.15
mol/l of NaCl or 0.01 mol/l of NaN3 is added. The flow rate of the
eluent is chosen as 0.5 ml/min. Before the application of the
sample, the latter is filtered through a Sartorius Minisart RC 25
filter (pore size 0.20 pm). The detector used is a differential
refractometer ERC 7510 from ERMA. The calibrations are carried
out according to R. Briissau et al. in Tenside, Surf. Det.28 {1991)
396-406. Relative molecular weight <700 are not taken into
account in the abovementioned method of determination.

As stated above, the preparation of polymers to be used according
to the invention is known per se. This is advantageously carried
out by free radical polymerization. This is preferably effected
in polar solvents, in particular in water. Suitable monomers a
are both the free acids and salts thereof which are water-soluble
in the appropriate amount. Mixtures thereof can of course also be
used. Molecular weight regulators may be present for establishing
the desired molecular weight. Suitable molecular weight
regulators are compounds which have a thiol group

(e.g. tert-dodecyl or n-dodecyl mercaptan).

Suitable initiators are inorganic peroxides, such as sodium
peroxide sulfates. The polymerization can be carried out as a
solution or emulsion polymerization, depending on the monomer
composition. The ratio of weight average molecular weight M, to
number average molecular weight M, of the polymers I to be used
according to the invention can be from 1 to 30 or from 1 to 20 or.
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from 1 to 8, ie. the molecular weight may be distributed
essentially uniformly or over a certain width.

It is advantageous if at least 1 g of the polymers I to be used
according to the invention dissolves in 100 g of water at 25°C and
1 bar. This is generally the case. Freguently, the solubility of
said polymers I in 100 g of water under the abovementioned
conditions is at least 10 g.

If the preparation of the redispersible polymer powder is carried
out by the spray drying method, the polymer to be used according
to the invention is generally chosen so that its glass transition
temperature (midpoint temperature, ASTM D 3418-82) is above the
glass transition temperature of the polymer II of the aqueous
polymer dispersion to be spray dried.

It is particularly advantageous to carry out the spray drying of
an aqueous polymer dispersion at an inlet temperature Tg of the
warm air stream of from 100 to 200°C, preferably from 120 to
160°C, and an outlet temperature T, of the warm air stream of from
30 to 20°C, preferably from 50 to 70°C. Spraying the agueous
polymer dispersion in the warm air stream can be effected, for
example, by means of single-material nozzles or multi-material
nozzles or a rotating disc. The polymer powders are usually
separated off using cyclones or filter separators. The sprayed
aqueous polymer dispersion and the warm air stream are preferably
fed in parallel.

Against this background, preferred spray assistants are polymers
I whose glass transition temperature fulfils the condition >Ta.
Our own investigations have shown that, for molecular weights
which are not too low, the glass transition temperatures of
homopolymers of the monomer a are above 100°C.

The polymer I to be used according to the invention may be added
as an aqueous solution or as an aqueous dispersion directly to
the aqueous dispersion of the polymer II, which dispersion is to
be dried. In the case of an aqueous solution of the polymer I,
the aqueous dispersion of the polymer II is preferably stirred
into the agqueous solution of the polymer I.

It is surprising that the addition of polymers I in amounts of
from 1 or 2 to 5% by weight, based on the amount of polymer II
contained in the dispersion to be dried, is sufficient to give
good redispersibility of the polymer powder obtained by drying.
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It is of course also possible to employ the polymers I to be used
according to the invention in amounts of from 1 to 10% by weight
or from 5 to 40% by weight or more, or in amounts of from 10 to
20% by weight, on the same basis as above.

The novel use of polymers I proves particularly advantageous in
the case of polymers II whose glass transition temperature is

< 50°C oder < 25°C or < 0°C. As a rule, the glass transition.
temperature of the polymers II is > - 60°C, or > - 40°C or

> - 20°C. Furthermore, the novel use of polymers I proves
particularly advantageous in the case of those polymers II which,
in polymerized form, are composed of

a) from 80 to 100% by weight of at least one monomer se-
lected from the group consisting of styrene, O-methyl
stryene, vinyltoluenes, esters of q,f-monoethylenically
unsaturated carboxylic acids of 3 to 6 carbon atoms and
alkanols of 1 to 12 carbon atoms, butadiene and vinyl and
allyl esters of carboxylic acids of 1 to 12 carbon atoms
and

B) from 0 to 20% by weight of other monomers having at least
one ethylenically unsaturated group

{such polymers II are defined below as polymers II*), ie.
possible monomers A are n-butyl acrylate, 2-ethyvlhexyl acrylate,
methyl methacrylate and styrene.

Possible monomers B are acrylamide, methacrylamide, acrylic acid,
methacrylic acid, acrylnitril, methanitril, 2-acrylamido-
2-methylpropanesulfonic acid, vinylpyrrolidone, hydroxyethyl
acrylate, hydroxymethyl acrylate, hydroxypropvl acrylate,
hydroxypropyl methacrylate, quaternized vinylimidazole,
N,N-dialkylaminoalkyl {meth)acrylates, N,N~dialkylaminoalkyl
(meth) acrylamides, trialkylammoniumalkyl (meth)acrylate and
trialkylammoniumalkyl (meth)acrylamides.

Of course, the polymer dispersion to be dried may be a secondary
dispersion of a polymer II. In this case, the polymer II is
prepared, for example, in a manner known per se with a free
radical solution polymerization methed and subsequently converted
into an aqueous polymer disperson. In this case,' the polymer I is
preferably added to the prepared aqueous polymer dispersion
containing the polymer II in dispersed form.
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If the aqueous polymer dispersion comprising polymer II is a
primary dispersion, ie. a polymer dispersion which is prepared by
the free radical aqueous emulsion polymerization method directly
as a disperse phase, the polymer I to be used according to the
invention can be added as a drying assistant before, during '
and/or after the emulsion polymerization of the monomers
constituting the polymer II.

This means that, as a rule, the polymer I is added to an agueous
dispersion of the polymer II which already contains dispersant
{(usually in amounts up to 3% by weight, based on the amount of
the polymer II). Suitable dispersants are the conventionally used
protective colloids and emulsifiers, as stated, for example, in
DE-A 4 21 39 65. The stabilizing effect of protective colloids is
due primarily to steric and/or electrostatic shielding of the
dispersed polymer particles. As a rule, these are substances
whose molecular weight is above 1500. They can be bonded both
chemically and physically to the dispersed polymer particles. The
stabilizing effect of emulsifiers whose relative molecular weight
is usually < 1000 is due to the fact that they have an amphiphilic
structure {polar part and non polar part) and are therefore
capable of reducing the interfacial tension at the interface
between polymer and aqueous dispersing medium. In contrast to
protective colloids, emulsifiers are capable of forming micells
in water. Furthermore, they have the characteristic that, when
added to water at 25°C and 1 atm, they reduce the surface tension
by at least 25% on reaching the critical micell formation
concentration.

Very important according to the invention is the fact that in
particular polymers I to be used according to the invention
(especially if they do not contain monomer b as polymerized
units) whose weight average relative molecular weight is from
5000 to 35,000, preferably from 7500 to 20,000 or 15,000 not only
are drying assistants which can be used according to the
invention but are also capable of stabilizing in an excellent
manner the disperse phase of an aqueous polymer dispersions, ie.
if such polymers I to be used according to the invention are
added in the course of the free radical aqueous emulsion
polymerization, it is possible on the one hand to produce an
aqueous polymer dispersion of polymers II whose emulsifier
content is <2, or <1 or < 0,5 or < 0.1 or 0% by weight, based on
the amount of dispersed polymer II (the presence of emulsifiers
is frequently undesirable since they generally make the films of
the aqueous polymer dispersion sensitive to the action of water
or, owing to their low molecular weight, are generally exuded
from the f£ilm) and which, on the other hand, can simultaneously

This Sheet Has Been Replaced

(TR




10

15

20

25

30

35

40

45

e o

BASF Aktiengesellschaft 951788 0.Z. 0050/46316

10
be dried in an excellent manner to give redispersible polymer
powders. It is not necessary for the aqueous dispersion of
polymer II also to contain added protective colloids of another
type in the course of their preparation, in addition to polymefs
I. Rather, the content of protective colloids differing from
polymers I may also be <5 or < 3 or 0% by weight, based on the
amount of polymer II present.

It is particularly noteworthy that the use, as described above,
of such low molecular weight polymers I also permits the
production of stable finely divided (weight average polymer
particle diameter < 500 nm, frequently < 200 nm and > 50 nm)
aqueous polymer dispersions of polymers II. It is noteworthy that
the use of from > 1 to < 10% by weight, based on polymer II to be
dispersed, of low molecular weight polymers I is sufficient in
this context, particularly when polymer I is a low molecular
weight poly-2-acrylamido-2-methylpropanesulfonic acid (it is
course also possible to use up to 25 or up to 50% by weight, on a
corresponding basis). This state of affairs is surprising even in
view of the prior art recommendation to use low molecular weight
polymers I as dispersants for finely divided inorganic materials.
As shown in the illustrative embodiments, a dispersing action in
the case of finely divided inorganic materials cannot usually be
taken to imply such an action in the preparation of agueous
polymer dispersions by the free radical aqueous emulsion
polymerization method.

The monomer composition of the polymer II is essentially
unimportant with regard to the abovementioned contexts. The same
applies to the type of any emulsifiers and protective colloids
present and to the type of polymerization initiators used ie. the
abovementioned contexts also apply, for example in the case of
those polymers II which contain less than 70% by weight of
styrene as polymerized units.

In other words, monomers present in polymer II which have at
least one ethylenically unsaturated group and are suitable in the
abovementioned context include monoethylenically unsaturated
monomers such as olefins, e.g. ethylene, vinylaromatic monomers,
such as styrene, o-methylstyrene, o-chlorostyrene, or
vinyltoluenes, vinyl and vinylidene halides, such as vinyl and
vinylidene chloride, esters of vinyl alcohol and monocarboxylic
acids of 1 to 18 carbon atoms, such as vinyl acetate, vinyl
propionate, vinyl n-butyrate, vinyl laureate and vinyl stearate,
esters of o,f-monoethylenically unsaturated mono- and dicarboxylic
acids having preferably 3 to 6 carbon atoms, in particular
acrylic acid, methacrylic acid, maleic acid, fumaric acid and
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itaconic acid, with alkanols of in general 1 to 12, preferably 1
to 8 and in particular 1 to 4, carbon atoms, in particular
methyl, ethyl, n-butyl, iso-butyl and 2-ethylhexyl acrylate and
methacrylate, dimethyl maleate or n-butylmaleate, nitriles of a,
B-mono-ethylenically unsaturated carboxylic acids, such as
acrylonitrile, and conjugated Cy-g-dienes, such as 1,3-butadiene
and isoprene. The stated monomers are as a rule the main
monomers, which together usually account for more than 50% by
weight, based on the total amount of the monomers to be
polymerized by the free radical aqueous emulsion polymerization
method. Monomers which, when polymerized by themselves, usually
give homopolymers which have high water solubility are usually
copolymerized only as modifying monomers in amounts of less than
50, as a rule from 0.5 to 20, preferably from 1 to 10% by weight,
based on the total amount of the monomers to be polymerized.

Examples of such monomers are o,f-moncethylenically unsaturated
mono- and dicarboxylic acids of 3 to 6 carbon atoms and amides
thereof, e.g. acrylic acid, methacrylic acid, maleic acid,
fumaric acid, itaconic acid, acrylamide and methacrylamide, and
vinylsulfonic acid and the water soluble salts thereof and
N-vinylpyrrolidone. Monomers which usually increase the internal
strength of the films of the agueous polymer dispersion are
copolymerized as a rule likewise only in minor amounts, generally
from 0.5 to 10% by weight, based on the total amount of the
monomers to be polymerized. Usually, such monomers have an epoxy,
hydroxy, N-methylol or carbonyl group or at least two
nonconjugated ethylenically unsaturated double bonds. Examples of
these are N-alkylolamides of a,f-monoethylenically unsaturated
carboxylic acids of 3 to 10 carbon atoms and esters thereof with
alcohols of 1 to 4 carbon atoms, among which N-methylol-
acrylamide, N-methylolmethacrylamide are very particularly
preferred, monomers having two vinyl radicals, monomers having
two vinylidene radicals and monomers having two alkenyl radicals.
The diesters of dihydric alcohols with o,f-monoethylenically
unsaturated monocarboxylic acids are particularly suitable, among
which in turn acrylic and methacrylic acids are preferably used.
Examples of such monomers having two nonconjugated ethylenically
unsaturated double bonds are alkylene glycol diacrylates and
dimethacrylates, such as ethylene glycol diacrylate, 1,3-butylene
glycol diacrylate, 1,4-butylene glycol diacrylate, and propylene
glycol diacrylate, divinyl benzene, vinyl methacrylate, vinyl
acrylate, allyl methacrylate, allyl acrylate, diallyl maleate,
diallyl fumarate, methylenebisacrylamide, cyclopentadienyl
acrylate or triallyl cyanurate. Also of particular importance in
this context are the hydroxy-C;-Cg—alkyl methacrylates and
acrylates, such as hydroxyethyl, n—hydroxypropyl or n—hydroxy—
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butyl acrylate and methacrylate, and compounds such as diacetone
acrylamide and acetylacetoxyethyl acrylate and methacrylate. In
addition to monomers having unsaturated double bonds, molecular
weight regulators, such as tert-dodecyl mercaptan or 3-mercapto-
propyltrimethoxysilane may be copolymerized in minor amounts,
usually from 0.01 to 2% by weight, based on the monomers to be
polymerized. Such substances are preferably added to the
polymerization zone as a mixture with the monomers to be
polymerized.

The particular suitability of the low molecular weight polymers I
as essentially the sole dispersant in the preparation of polymers
II by free radical agueous emulsion polymerization is especially
applicable in the case of polymers II*.

In other words, the novel use of polymers I, facilitate in
particular both the preparation of emulsifier-free aqueous
polymer dispersions and the preparation of emulsifier-free
polymer powders redispersible in water. It is noteworthy that
such essentially emulsifier-free agqueous polymer dispersions are
characterized by a reduced viscosity.

The monomer feed method is preferably used for carryving out the
free radical emulsion polymerization for the preparation of
aqueous dispersions of polymers II whose disperse phase is
stabilized essentially by means of polymers I. The total amount
of the polymer I to be used as a protective colloid can then be
either initially taken in the polymerization vessel or
continuously fed into the polymerization vessel together with the
monomers to be polymerized.

It is to be pointed out that, in addition to the polymers I to be
used according to the invention, drying assistants known per se
(e.g. polyvinyl alcohol, polyvinylpyrrolidone, naphthalene-
sulfonic acid (or phenolsulfonic acid)/formaldehyde condensates,
etc) may be concomitantly used according to the invention. The
same applies to anticaking agents, such as finely divided silica,
which are frequently also present during spray drying in order to
prevent caking of the polymer powder during storage.

The polymer powders obtained in the case of the use according to
the invention are suitable as binders in hydraulically setting
materials, paints, finishes, adhesives, coating materials (in
particular for paper) and synthetic resin renders, as described
in EP-A 629650. The same applies to the starting dispersions used
for the powder preparatlon. Their SOlldS volume content may be
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from 10 to 75, frequently from 20 to 65, in general from 30 to
50% by weight, based on the volume of the polymer dispersion.

Finally, it should be stated that, when an aqueous solution or
dispersion of polymer I is combined with an aqueous dispersion of
polymer II, it must be ensured that they are compatible, ie. no
anionic polymer I system should be added in the case of a
cationically stabilized aqueous dispersion of a polymer II.
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Examples

a)

b)

Preparation of a polymer I to be used according to the inven-
tion (EPI1)

The polymerization was carried out under an inert gas
atmosphere. First, 820 g of water were initially taken in a
polymerization vessel and heated to 85°C, While maintaining
this temperature, 10% by weight of a solution of 17.6 g of
sodium peroxide sulfate in 150 g of water were added and
stirring was carried out for 5 minutes. Thereafter, while
maintaining the temperature of 85°C, the remaining amount of
the sodium peroxide sulfate solution and, spatially separated
therefrom, a mixture of 800 g of water, 400 g of
2~acrylamido-2-methyl propanesulfonic acid, 400 g of a 25%
strength by weight aqueous sodium hydroxide solution and 0.04
g of 4-methoxy-phenol (polymerization inhibitor) were added
continuously to the polymerization vessel in the course of 1
hour while stirring (both feeds beginning at the same time).
The reaction mixture was then stirred at 85°C for a further
hour. Thereafter, it was cooled to 60°C and a solution of

7.5 g of sodium hydroxymethane sulfinate and 30 g of water
was added in the course of 1 hour while stirring (to
eliminate the remaining peroxide).

The resulting clear solution had a solids content of 19.7% by
weight and a pH of 12.8. The weight average relative molecu-
lar weight of the dissolved polymer EPI1 was determined as
10,000.

Preparation of a comparative polymer I (VPI) recommended in
EP~-A 629650 (Example 1, DPIa) as a spray assistant

The polymerization was carried out under an inert gas atmos-
phere. A solution of 1.76 g of sodium peroxide disulfate in
1050 g of water was initially taken in a polymerization
vessel and heated to the polymerization temperature of 85°C.
Thereafter, feeds I to III were added synchronously to the
polymerization vessel in the course of 2 hours, beginning at
the same time, while maintaining the polymerization tempera-
ture. The reaction mixture was then left alone for 1 hour at
85°C. Thereafter, 3g of a 20% strength by weight aqueous sol-
ution of the sodium salt of hydroxymethanesulfinic acid were
added and the mixture was cooled to room temperature.
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Feed I: 280 g of methyl methacrylate and

c)

1 g of the ester of thioglycolic acid and
2—-ethylhexanol;

Feed II: 120 g of 2—acry1amido-2—methylpropanesulfonic'
acid,
400 g of water and
150 g of 20% strength by weight of agueous so-
dium hydroxide solution,

Feed III: 15.84 g of sodium peroxide disulfate and
150 g of water.

The solids content of the resulting aqueous polymer disper-
sion was 20% by weight.

Preparation of spray-dried aqueous standard dispersions of
polymers II (SDII1 to SDII4)

SDIIl: Corresponds to Example 2, DPIIa of EP-A 629650
A solution of

294 g of water

7.7 g of 10% strength by weight agqueous formic acid
solution,

6.6 g of a 20% strength by weight aqueous solution of poly~
acrylamide,

3.3 g of sodium bicarbonate

11 g of a 20% strength by weight aqueous solution of
ethoxylated p—isooctylphenol {(degres of ethoxyla-
tion: 25) = emulsifier sclution 1 and

0.2 g of a 35% strength by weight aqueous sclution of the
sodium salt of the sulfuric half-ester of ethoxylated
p-isococtylphenol (degree of ethoxylation: 25} = emul-
sifier solution 2

was initially taken in a polymerization vessel and heated to
the polymerization temperature of 90°C. Thereafter, feed I
was added continuously to the polymerization vessel in the
course of 2 hours and feed II in the course of 2.5 hours,
beginning at the same time, while maintaining the polymeriz-
ation temperature. The polymerization vessel was then left
alone for a further 2 hours at 90°C. Thereafter, the mixture
was cooled to room temperature and was neutralized with 5.5 g
of a 20% strength by weight agueous calcium hydroxide
suspension. The solids content of the resulting aqueous

————— -
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polymer dispersion SDII1 was 54.7% by weight. The dispersed
polymer had a glass solution temperature of -1°C.

Feed I:

682 g of n-butyl acrylate

385 g of styrene

44 g of a 50% strength by weight agqueous solution of
acrylamide,

73.3 g of a 15% strength by weight agueous solution metha-
crylamide,

16.5 g of emulsifier solution 1,

22.6 g of emulsifier solution 2, and

235 g of water. .

Feed IT:

6.4 g of sodium peroxide disulfate in
180 g of water.

SDII2: Corresponds to Example 2, DPIIb of EP-A 629650

2 mixture of

500 g of water,
2.5 g of sodium acetate,
2.5 g of butenol and
10 g of an ethoxylated cellulose {Natrosol® 250 GR)

was heated to the polymerization temperature of 80°C in a
polymerization vessel. Thereafter, first 150 g of feed I was
introduced into the polymerization vessel all at once, fol-
lowed by 10 g of feed II, and polymerization was carried out
for 20 minutes at 80°C. The remaining amount of feed I was
then metered in continuously in the course of 3 hours and,
beginning at the same time, the remaining amount of feed II
was fed in continuously in the course of 3.5 hours, while
maintaining the temperature of 80°C. Stirring was then car-
ried out for a further hour at 80°C and finally the mixture
was cooled to room temperature.

The solids content of the resulting aqueous polymer disper-
tion SDII2 was 50.2% by weight. The dispersed polymer had a
glass transition temperature of -2°C,
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Feed I:

600 g of vinyl propionate,

200 g of tert-butyl acrylate,

200 g of n-butylacrylate,

160 g of a mixture of 150 g of emulsifier solution 1 and
10 g of a block'copolymer of ethylene oxide and
propylene oxide (EO:P0O molar ratio = 0.7 and the
relative number average molecular weight = 3200) and

343 ¢ of water;

Feed II:

5¢qg of sodium peroxide disulfate in
100 g of water.

SDII3: Corresponds to Example 3, DPIIc of EP-A 629650
A solution of

6000 g of water and
17 g of 45% strength by weight agqueous solution of the

surfactant corresponding to Dowfax® 2a1

was heated to the polymerization temperature of 80°C in a
polymerization vessel. Thereafter, 1087 g of feed I and 108 g
of feed II were added to the polymerization vessel all at
once in succession and polymerization was carried out for 30
minutes at 80°C. The remaining amounts of the feeds I and II
were then added continuously in the course of 3.5 hours, be-
ginning at the same time, while maintaining the polymeriz-
ation temperature. The reaction mixture was then left alone
for 4 hours at 80°C. Finally, it was cooled to room tempera-
ture and neutralized with 420 g of 25% strength by weight
aqueous sodium hydroxide solution. The sgolids content of the
resulting aqueous polymer dispersion SDII3 was 50.9% by
weight. The dispersed polymer had a glass transition tempera-
ture of 60°C.
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12150 g of styrene,
2250 g of butadiene,
450 g of 50% strength agueous solution of acrylamide,
375 g of acrylic acid,
120 g of tert-dodecyl mercaptan,
117 g of a 45% strength by weight aqueous solution of the
surfactant corresponding to Dowfax 2Al,
250 g of a 15% strength by weight aqueocus solution of the

sodium salt of the sulfuric acid half-ester of lauryl
alcohol and
6033 g of water.

Peed II:

150 g of sodium peroxide disulfate and
200 g of water.

SDITI4:

As for SDII1l, except that the 385 g of styrene were replaced

by 385 g of methyl methacrylate. After filtration, a disper-

sion SDII4 having a solids content of 55.6% by weight was ob-
tained. The dispersed polymer had a glass transition tempera-
ture of 0°cC,

SPréy—dryinq of the aqueous polymer dispersions from ¢) and
evaluation of the redispersibility of the resulting powders

First, the particular aqueous polymer dispersion SDII1 to
SDII4 was diluted to a sclids content of 36.2% by weight. The
particular polymer dispersion SDITI1 to SDII4 diluted to 36.2%
by weight was then rapidly stirred into the agqueous solution
of EPI1 from a) or into the aqueocus dispersion of VPI from a)
with vigorous stirring in an amount such that the resulting
agqueous mixture had a solids content of 35% by weight (based
on the particular dispersed polymer II, 4.5% by weight of
EPI1 or VPl were thus always present).

The spray dryving of the agqueous mixtures was carried out in a
Minor laboratory dryer from GEA Wiegand GmbH (Niro Division),
Germany, with atomization by means of a binary nozzle, at a
tower inlet temperature of 130°C and a tower outlet tempera-
ture of 60°C (rate: about 2 kg of spray feed/h). About 2.5%
by weight (based on solid polymer mixture) of a finely di-
vided silica (average maximum particle diameter 10 um) were
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metered into the drying chamber as an antiblocking agent,
simultaneously with the spray feed. The evaluation of the
particular spray drying is shown in Table 1.

The following procedure was adopted for checking the redis-
persibility of the polymer powders obtained:

90 g of water were weighed into a glass bottle and 10 g of
polymer powder were added at 25°C, The mixture was stirred
with an Ultra-Turrax 1 from Janke & Kunkel, IKA-Labortechnik,
Staufen, Germany for 1 minute at 9500 rpm and was introduced
into a measuring cylinder. The measuring cylinder closed by
means of a plastic stopper was then stored without agitation
at 25°C for 72 hours. The redispersion was then thoroughly
shaken and filtered through a 72 pm sieve. The sieve contain-
ing the filter cake was stored at 80°C for 12 hours in a dry-
ing oven and the percentage by weight, based on the amount of
powder used (10 g), of the dried coagulum was then determined
by weighing. The results are likewise shown in Table 1.

Table 1
Spray-dried mixture Wall Powder Coagulum
deposit vield
Dispersion spray as-
gistant
SDII1 EPI1 little 86 % 0.5% by
weight
SDII2 EPI1 little 74 % 1.4% by
weight
SDII3 EPI1 little 63 % 2.2% by
. weight
SDII4 EPI1 little 89 % 0,7% by
weight
SDII1 VPIl pro- 30 % 7.1% by
nounced weight

Preparation of aqueous dispersions of polymers II which con-
tain a low molecular weight novel polymer I as essentially
the only dispersant, the spray drying of such aqueous polymer
dispersions and comparitive experiments

Dl:

200 g of n~-butyl acrylate, 200 g of methyl methacrylate and
91.4 g of the 19.7% strength by weight aqueous solution of
polymer EPI1 from a) were emulsified in 114 g of water to
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give a feed 1. 12 g of sodium peroxide disulfate and 159 g of
water formed feed 2.

200 g of water and 5% by weight of feed 1 were initially
taken under an inert gas atmosphere in a polymerization
vessel. The initially taken mixture was heated to 90°C while
stirring, and 10% by weight of feed 2 was added. The reaction
mixture was then kept at 90°C for 15 minutes. Thereafter,
while maintaining the temperature of 90°C, the remaining
amount of feed 1 was added continuously to the polymerization
vessel in the course of 2 hours and the remaining amount of
feed 2 was added in the course of 2.5 hours. After the end of
the feeds, the reaction mixture was stirred for a further 2
hours at 90°C and then cooled to room temperature. The
agueous polymer dispersion obtained after filtration through
a sieve having a mesh size of 250 um had a solids content of
43.6% by'weight and a light transmittance of 6% (the light
transmittance is a measure of the polymer particle size of an
aqueous polymer dispersion; it gives the light transmittance
at 25°C in the state diluted to a solids content of 0.01% by
weight, relative to pure water and with a path length of

2.5 cm, with incident white light) and its aqueous dispersing
medium had a pH of 1.9. 0.2 g of coagulum remained in the
filter. A wet film applied in a layer thickness of 60 im on a
glass sheet by means of a knife coater exhibited essentially
no specks (microcoagulum).

D2:

As for D1, except that feed 1 consisted of an emulsion of
208 g of n-butyl acrylate, 180 g of methyl methacrylate, 8 ¢
of acrylamide, 4 g of acrylic acid and 91.4 g of the 19.7%
strength by weight aqueous solution of polymer EPI1 from a)
in 114 g of water. The dispersion obtained after filtration
through a sieve having a mesh size of 250 pm had a solids
content of 43.9% by weight and a light transmittance of 52%
and its aqueous dispersing medium had a pH of 4.3. 0.2 g of
coagulum remained in the filter. A wet film applied in a
layer thickness of 60 um on a glass sheet by means of a knife
coater exhibited essentially no specks.

D3:

As for D1, except that feed 1 consisted of an emulsion of

248 g of n-butyl acryvlate, 140 g of styrene, 8 g of acryl-
amide, 4 g of methacrylamide and 91.4 g of the 19.7% strength
by weight aqueous solution of polymer EPI1 from a) in 114 g
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of water. The dispersion obtained after filtration through a
sieve having a mesh size of 250 pm had a solids content of
43.3% by weight and a light transmittance of 49% and its
aqueous dispersing medium has a pH of 2.1. 0.3 g of coagulum
remained in the filter. A wet film applied in a layer thick-
ness of 60 pm on a glass sheet by means of a knife coater ex-
hibited essentially no specks.

D4d:

2 feed 1 was formed from a mixture of 100 g of n-butyl acry-
late and 100g of methyl methacrylate. A solution of 1.0 g of
hydrogen peroxide and 100 g of water formed a feed 2. 247 ¢
of water, 1.3 g of a 15% strength by weight aqueous sodium
lauryl sulfate solution, 50.8 g of a 19.7% strength by weight
aqueous solution of the polymer EPI1 from a), 0.04 g

of CuS804 - 5H0 and 5% by weight of feed 1 were initially
taken under an inert gas atmosphere in a polymerization
vessel, The initially taken mixture was heated to 85°C while
stirring, and 10% by weight of feed 2 were added. Thereafter,
the mixture was kept at 85°C for 15 minutes while stirring
and, while maintaining the temperature of 85°C, the remaining
amount of feed 1 was subsequently added continuously to the
polymerization vessel in the course of 2 hours and, beginning
at the same time, the remaining amount of feed 2 was added in
the course of 2.5 hours. After the end of the addition, the
polymerization mixture was stirred for a further 2 hours at
85°C and then cooled to room temperature. The dispersion ob-
tained after filtration through a sieve having a mesh size of
250 pm had a solids content of 34.2% by weight and a light
transmittance of 88% and its aquecus dispersion medium had a
vh of 6.8. 0.69 g of coagulum remained in the filter., A wet
film applied in a layer thickness of 60 um on a glass sheet
by means of a knife coater exhibited essentially no specks.

D5;:

An emulsion was formed as feed 1 from 155 g of n-butyl
acrylate, 87.5 g of styrene, 5 g of acrylamide, 2.5 g of
methacrylamide, 190.4 g of the 19.7% strength by weight
solution of polymer EPI1 from a} and 20 g of water. A
solution of 7.5 g of sodium peroxide disulfate in 100 g of
water formed a feed 2. 104 g of water and 5% by weight of
feed 1 were initially taken under an inert gas atmosphere in
a polymerization vessel. The initially taken mixture was
heated to 90°C while stirring, and 10% by weight of feed 2
were added. The mixture was then kept at 90°C for 15 minutes
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while stirring. Thereafter, while maintaining the temperature
of 90°C, the remaining amount of feed 1 was added
continuously to the polymerization vessel in the course of
2.0 hours and, beginning at the same time, the remaining
amount of feed 2 was added in the course of 2.5 hours. The
reaction mixture was then stirred for a further 2 hours at
90°C and finally cooled to room temperature.

The dispersion obtained after filtration through a sieve hav-
ing a mesh size of 250 pm had a solids content of 43.2% by
weight and a light transmittance of 68% and its aqueocus dis-
persing medium has a pH of 2.7. 0.3 g of coagulum remained in
the filter. A wet film applied in a layer thickness of 60 im
on a glass sheet by means of a knife coater exhibited essen-
tially no specks.

VDl:

As for Pl, except that feed 1 consisted of an emulsion of
200 g of n-butyl acrylate, 200 g of methyl methacrylate and
90 g of the 20% strength by weight aqueous dispersion of the
polymer VPI from b) in 114 g of water. The dispersion ob-
tained after filtration through a sieve having a mesh size of
250 pm had a solids content of 43.4% by weight and a light
transmittance of 30% and its aqueous dispersing medium has a
pH of 1.7. 5.8 ¢ of coagulum remained in the filter. A wet
film applied in a layer thickness of 60 um on a glass sheet
by means of a knife coater exhibited a large number of
specks,

VD2:

As for D5, except that 187.5 g of the 20% strength by weight
aqueous dispersion of polymer VPI from b) were used instead
of the 190.4 ¢g of the 19.7% strength by weight aqueous sol-
ution of polymer EPI1 from a). The dispersion obtained after
filtration through a seive having a mesh size of 250 prm had a
solids content of 42.7% by weight and a light transmittance
of 43% and its aqueous dispersing medium had a pH of 2.1.

14 g of coagulum remained in the filter. A wet film applied
in a layer thickness of 60 um on a glass sheet by means of a
knife coater exhibited a large number of specks.
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VD3:

As for D4, except that the initially taken mixture contained
a mixture of 247 g of water, 1.3 g of a 15% strength by
weight agueous sodium lauryl sulfate solution, 50 g of a 20%
strength by weight aqueous solution, prepared similarly to
a), of a poly-2-acrylamido-2-methylpropanesulfonic acid,
whose weight average relative molecular weight however was
38,000, 0.04 g of CuS04-5H;0 and 5% by weight of feed 1. The
reaction mixture thickened as early as during the monomer
feed so that the reaction had to be terminated.

VD4 :

As for D1, except that feed 1 consisted of 200 g of n-butyl
acrylate, 200 g of methyl methacrylate, 90 g of 20% strength
by weight aqueous poly-2-acrylamido-2-methyl-propanesulfonic
acid solution from VD3 and 116 g of water. The batch coagu-
lated after polymerization was complete.

VD5

As for D1, except that feed 1 consisted of 200 g of n-butyl
acrylate, 200 g of methyl methacrylate, 71.2 g of a 25.3%
strength by weight aqueous solution of Sokalan® CP9 (maleic
acid copolymer), which is commercially available as a dis-
persant for finely divided organic and inorganic solids, and
135 g of water. The batch coagulated after polymerization was
complete. This shows that dispersants are not necessarily
suitable as protective colloids for finely divided organic
and inorganic solids for carrying out free radical aqueous
emulsion polymerizations.

The aqueous polymer dispersions D1 to D5 could be dried in a
satisfactory manner by the spray drying method described
under 4) to give redispersible polymer powders.

Preparation of further polymers I (EPI2Z to EPI6) to be used
according to the invention and aqueous dispersions D6 to D10
of polymers II which contain, as essentially the only dis-
persant, a low molecular weight novel polymer I, and the
spray drying of such aqueocus polymer dispersions.
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Preparaton of EPI2 to EPI6

The polymerizations were carried out under an inert gas.
First, 810 g of water were initially taken in a polymeriz-
ation vessel and heated to 85°C. While maintaining this tem-
perature, 10% by weight of a solution of Xg of sodium per-
oxodisulfate in Yg of water were added and stirring was car-
ried out for 5 minutes. Thereafter, while maintaining the
temperature of 85°C, the remaining amount of the sodium per-
oxodisulfate solutiion and, spatially separated therefrom, a
mixture of 800 g of water, 400 g of 2-acrylamido-2-methylpro-
panesulfonic acid, 400 g of a 25% strength by weight aqueous
sodium hydroxide solution and 0.04 g of 4-methoxyphenol were
added continuously to the polymerization vessel in the course
of 2 hours while stirring (both feeds beginning at the same
time). The reaction mixture was then stirred for a further
hour at 85°C and then cooled. The values used for X and Y,
the solids contents of the resulting aqueous solutions, the
PH of the associated aqueous dispersing media and the weight
average relative molecular weight M, of the polymers EPI2 to
EPI6 present in soclution are shown in Table 1 below.

Table 1

Solids pH M,
content '
(% by

weight)

EPI2

2'4

100

19.3

13.5

12300

EPI3

5

110

19.2

13.4

11400

EPT4

10

130

19.4

13.4

10000

EPI5

20

170

19.5

13.2

9600

EPI6

40

250

19.3

12.9

8300

Preparation of aqueous dispersions D6 to D10 of polymers II
and their spray drying

208 g of n-butyl acrylate, 180 g of methyl methacrylate, 8 g
of acrylamide, 4 g of methacrylamide and 18.0 g of one of the
polymers EPI2 to EPI6 were emulsified in 187 g of water to
give a feed 1, and the resulting emulsion was brought to a pH
of 8.0 by means of agqueous 2N NH3 solution. The solution of
12.0 g of sodium peroxidodisulfate in 159 g of water formed

feed 2. —_—
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200 g of water and 5% by weight of feed 1 were initially
taken under an inert gas atmosphere in a polymerization
vessel. The initially taken mixture was heated to 90°C while
stirring, and 10% by weight of feed 2 were added. The reac-
tion mixture was then kept at 90°C for 15 minutes. There-
after, while maintaining the temperature of 90°C, the remain-
ing amount of feed 1 was added continucusly to the polymeriz-
ation vessel in the course of 2 hours and the remaining
amount of feed 2 was added in the course of 2.5 hours. After
the end of the feeds, the reaction mixture was stirred for a
further 2 hours at 90°C and then cooled to room temperature.
The solids content and light transmittance of the aqueous
polymer dispersions obtained after filtration through a sieve
having a mesh size of 250 um, the pH of the aqueous disper-
sion medium of said dispersions and the coagulum content in
the filter were determined. In addition, a wet film of the
filtered aqueous polymer dispersions was applied in a layer
thickness of 60 pum on a glass sheet by means of a knife
coater and the content of specks in said film was gqualitat-
ively evaluated. The results obtained are shown in Table II.

Table II

Polymer

Solids
content
% by

weight

Light
trans-
mit-
tance
[%]

Coagulum
{g]

Specks

PH

D6

EPI2

43.6

52

0.2

essen-
tially
none

4.7

D7

EPI3

43.1

53

0.5

essen-
tially
none

4.6

D8

EPI4

43.2

42

0.7

essen-
tially
none

4.5

D9

EPIS

43.8

34

0.6

essen-
tially
none

D10

EPI6

43.6

45

0.5

essen-
tially
none

4.4
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The agueous polymer dispersions D6 to D10 could be dried in a
satisfactory manner by the spray drying method described under &)
to give redispersible polymer powders.

T !us Sheet Has Been Rep.

T Ill!



A e T T e e R T

——

BASF Aktiengesellschaft 951788 0.%Z. 0050/46316

| REK Y R R

We claim:

1. Drying of an aqueous dispersion of a polymer II, wherein the
5 aqueous dispersion of the polymer II contains, as added dry-'
ing assistant, at least one polymer I which, in polymerized
form, is composed of

from > 80 to 100% by weight of at least one monomer of the

10 formula I and/or salts thereof {monomer a)
Rl R2
CHy=—=C—C—X—C—R4—803H (I},
15
R3

wherein R1, R2, and R3, independently of one another, are each
H or C1-C3—-alkyl,
20 R4 1is C;-Cs-alkylene and
X is 0 or NH,

and

25 from 0 to < 20% by weight of at least one monomer capable of
free radical copolymerization (monomer b).

2. Drying as claimed in claim 1, wherein the polymer I, in poly-
merized form, is composed of from 90 to 100% by weight of
30 monomer a and from ¢ to 10% by weight of monomer b.

3. Drying as claimed in claim 1, wherein the polymer I, in poly-
merized form, is composed only of monomer a.

35 4. Drying as claimed in claim 1, wherein the polymer I contains
2-acrylamido-~2-methylpropanesulfonic acid or salts thereof as
polymerized units,

5., Drying as claimed in claim 1, wherein the polymer I, in poly-
40 merized form, is composed only of 2-acrylamido-2-methylpro-
panesulfonic acid or salts thereof.

6. Drying as claimed in ahy of claims 1 to 5, wherein the rela-
tive weight average molecular weight of polymer I is from
45 1000 to 106 .

-
—————————
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7. Drying as claimed in any of claims 1 to 5, wherein the rela-
tive weight average molecular weight of polymer I is from
2000 to 45000.

5 8. Drying as claimed in any of claims 1 to 7, wherein the solu-
bility of the polymer I in 100 g of water at 25° and 1 bar
is at least 10 g.

9. Drying as claimed in any of claims 1 to 8, wherein the

10 aqueous dispersion of polymer II contains from 1 to 40% by
weight, based on the mass of the polymer II, of added polymer
I'

10. Drying as claimed in any of claims 1 to 8, wherein the
15 aqueous dispersion of polymer II contains from 1 to 20% by
weight, based on the mass of polymer II, of added polymer I.

11. Drying as claimed in any of claims 1 to 8, wherein the
aqueous dispersion of polymer II contains from 1 to 5% by
20 weight, based on the mass of polymer II, of added polymer I.

12. Drying as claimed in any of claims 1 to 11, wherein the glass
transition temperature of the polymer II < 50°C by weight

25 13. Drying as claimed in claims 1 to 12, wherein the polymer II,
in polymerized form, is composed of

A} from 80 to 100% by weight of at least one monomer
selected from the group consisting of styrene, O-methyl-
30 styrene, vinyltoluenes, esters of «,B-monocethylenically
unsaturated carboxylic acids of 3 to 6 carbon atoms and
alkanols of 1 to 12 carbon atoms, butadiene and wvinyl and
allyl esters of carboxylic acids of 1 to 12 carbon atoms
and
35
B) from 0 to 20% by weight of other monomers having at least
one ethylenically unsaturated group.

14, Drving as claimed in any of claims 1 to 13, which is effected
40 by the spray-drying method.

15. Drying as claimed in claim 14, wherein the inlet temperature
of the warm air stream is from 100 to 200°C and the outlet
temperature of the warm air stream is from 30 to 3%0°C.

45

16. Use of a polymer I which, in polymerized form, is composed of
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from > 80 to 100% by weight of at least one monomer of the

formula I or salts thereof {monomer a)

Rri

i

R2

O A

CHy=C—C—X—C—R4— SO3H (1),

wherein R1,

R4

R3

R?, and R3, independently of one another, are each
H or C;~C3-alkyl,

X is O or NH,

and

is Ci1-Cs-alkylene and

from 0 to < 20% by weight of at least one monomer capable of
free radical copolymerization (monomer b), as an assistant in
the drying of aqueous dispersions of polymers II differing
from polymers I.

17. A polymer powder containing at least one polymer I which, in
polymerized@ form, is composed of

18.

from > 80 to 100% by weight of at least one monomer of the

formula I or salts thereof {monomer a)

Rl R2
CHz—CI—(IJ'.—X——C—R4—SO3H {1),
L,

where R1, RZ,

or Cy1-Cialkyl,
and R? is C;-Cs-alkylene and

X is O or NH,

and R3, independently of one another, are each H

and from 0 to < 20% by weight of at least one monomer capable
of free radical copolymerization (monomer b), and at least
one polymer II differing from the polymer I.

The polymer powder as claimed in claim 17, which contains
< 1% by weight, based on the amount of polymer II present, of

emulsifiers.
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19.

20.

21.

22,

23,

24.

25,

A mineral binder containing at least one polymer powder as
claimed in claims 17 or 18.

Use of a polymer powder as claimed in claim 17 or 18 in for-
mulations for coating or adhesive bonding.

A dry synthetic resin render formulation containing at least
one polymer powder as claimed in c¢laim 17 or 18.

An aqueous polymer dispersion of a polymer II whose emul-
gifier content is < 2% by weight and which contains, as
added dispersant, at least one polymer I which, in polymer-
ized form, is composed of

from > 80 to 100% by weight of at least one monémer of the
formula I or salts thereof (monomer a)

?1 0 TZ
CHy = —L——X——C-—R4-——-SO3H (I},
L

where R1, R2 and R3, independently of one another, are each H
or C1-Cz—alkyl,
R4 is C;-Cs-alkylene and
X is O or NH,

and

from 0 to < 20% by weight of at least one monomer capable of
free radical copolymerization (monomer b}, and has a relative
average molecular weight of from 5000 to 35000.

An agqueous polymer dispersion as claimed in claim 22, wherein
the relative weight average molecular weight of the polymer I
is from 7500 to 20,000.

An aqueous polymer dispersion as claimed in claim 22 or 23,
wherein the polymer I is poly-2~-acrylamido-2-methylpropane
sulfonic acid.

An aqueous polymer dispersion as claimed in any of claims 22
to 24, wherein the polymer I is the only dispersant present.
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26. An aqueous polymer dispersion as claimed in any of claims 22
to 25, whose weight average polymer particle diameter is from
> 50 to < 200 nm.

5 27. Use of an aqueous polymer dispersion as claimed in any of
claims 22 to 26 as a binder or as an additive in mineral
binders.

28, Use of an aqueous polymer dispersion as claimed in any of
10 claims 22 to 26 for the preparation of polymer powders.

23. Use of an aqueous dispersion of a polymer II, which disper-
sion contains an added polymer I which differs from this
polymer II and, in polymerized form, is composed of

15
from > 80 to 100% by weight of at least one monomer of the
formula I or salts thereof (monomer a)
Rl o R2
20 |l
CHy—C—C— X—C—R¢— SO3H {1),
RrR3
25 where R1, R? and R3, independently of one another, are each H
or Cy1-Cz~-alkyl,
R4 is C1-Cs-alkylene and
X is O or NH,
30 and
from 0 to < 20% by weight of at least one monomer capable of
free radical copolymerization (monomer b),
35 for the preparation of polymer powders.

30. The process for the free radical aqueous emulsion polymeriz-
ation of monomers having at least one ethylenically unsatu-
rated group, wherein a polymer I which, in polymerized form,

40 is composed of

from 80 > 100% by weight of at least one moncmer of the for-
mula I or salts thereof (monomer a)

- A
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Rl R2
CHy; — C—-C—X——C——R4—SO3H {I)
R3

31.

32,

33.

where R1, R2 and R3?, independently of one another, are each
H or C;—-Cz-alkyl,
R¢ is C;-CsaAlkylene and
X is O or NH,

and

from 0 to < 20% by weight of at least one monomer capable of
free radical copolymerization {monomer b), and whose relative
weight average molecular weight is from 5000 to 35,000, is
added before, during or after the end of the polymerization.

A process as claimed in claim 30, wherein the polymer I con-
tains no monomers b as polymerized units.

A process as claimed in claim 30 or 31, wherein the polymer I
is the only dispersant added during free radical agqueous
emulsion polymerization.

A polymer powder obtainable by drying as claimed in any of
claims 1 to 15.
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