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USE OF MODI FI ED WATER- SOLUBLE POLYMERS
AS CROSSLI NKI' NG AUXI LI ARY AGENTS
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The invention relates to the use of modified water- soluble
polymers as crosslinking assistants, optionally in combination
with film-forming polymers, epoxy components or oth er
hardeners, for example for coatings or adhesives, s uch as
fiber-coating compositions, paper-coating compositi ons or
chemical products for use in civil engineering.

Water-soluble polymers, for example polyvinyl alcoh ols, are
widely used, inter alia as additives for coatings o r adhesives
and particularly as a protective colloid for polyme rs based on
ethylenically unsaturated monomers. However, the hi gh water
solubility of such polymers often becomes adversely

conspicuous when in-service products become exposed to water.
To improve waterfastness, compositions comprising w ater-
soluble polymers have for example been employed in combination
with hardeners or crosslinkers. Crosslinkers having isocyanate
or aldehyde groups have thus been used to crosslink polyvinyl
alcohol at room temperature. After crosslinking, th e products
do have an improved waterfastness, yet crosslinkers of this
type are a health concern which necessitates higher safety
measures for their use. In addition, the crosslinki ng reaction
usually does not go to completion, so the in-servic e products
may evolve harmful compounds for a prolonged period

Known crosslinking systems further include epoxy-co ntaining
compounds which, however, only lead to crosslinking at
comparatively high temperatures, for example above 100°C. But
there are many applications, for example in civil e ngineering,
such as tile adhesives or leveling screeds, where t he
crosslinking reaction has to take place at room tem perature.
Amines may additionally be added to crosslink epoxy -containing
compounds at room temperature. With this procedure, the
crosslinking of the water-soluble polymers is insuf ficient and
the wetfastness of products obtained therefrom is s till not

fully satisfactory.
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Epoxy resins are extensively recommended as crossli
including in particular for protective colloid-stab
polymer powders, as for example described in WO 201

US 2012/0329909, US 2012/0329908, US 2012/0329907 o

WO 2010/086217. EP 0721004 describes water-redisper
polymer powders comprising film-forming functionali
polymers and also reactive compounds, wherein said
compounds are suitable for crosslinking on the func
polymers. US 2001/0024644 describes protective coll
stabilized polymer powders whose base polymers cont
monomer units. EP 0896029 teaches crosslinkable pol
compositions based on water-insoluble polymers as w
water-soluble polymers, wherein at least one of the
polymers contains crosslinkable groups capable of f
covalent bonds with insoluble organic or inorganic

EP 0885246 discloses the use of water-soluble polym
on 2-acrylamido-2-methylpropanoic [
N-methylolacrylamide solution (NMA) as protective ¢
water-insoluble polymers. Protective colloids of th
however, tend to evolve formaldehyde, and this is d
for health reasons. Moreover, protective colloids b
such monomers are not resistant to water. EP 072397
the copolymerization of ethylenically unsaturated e
also of further ethylenically unsaturated monomers
presence of small amounts of protective colloids an
employment of such products in coatings or binders
the adhesive properties thereof. DE-A 102012223620
teaches protective colloids for film-forming polyme
obtainable by polymerization of optionally function
ethylenically unsaturated monomers in the presence
soluble polymers.

A further issue is the inadequate staining resistan
abovementioned coatings, for example on contact wit
beverages, for example fruit juices or coffee.
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The problem addressed by the present invention in r
this background was that of providing novel measure
preparing very highly water-resistant coatings. For
evolving crosslinking assistants should be eschewab
The crosslinking assistants should be crosslinkable
without addition of commonly used crosslinkers, but
ideally also be compatible with the commonly used ¢
and crosslink in an advantageous manner under the i
such commonly used crosslinkers. In addition, the ¢
assistants should lead to in-service products havin
staining resistance, for example with regard to col
beverages, such as fruit juices or coffee, and/or t
service products allowing easier or fuller removal
therefrom. The incipit issues should ideally not be

all or only to a reduced degree.

Surprisingly, the problem was solved by water-solub
that have been modified in a certain way being empl
crosslinking assistants.

The present invention accordingly provides for the
modified water-soluble polymers as crosslinking age
characterized in that said modified water-soluble p
obtainable by free-radically initiated polymerizati

a) one or more ethylenically unsaturated monomers b
or more epoxy, amine, carboxylic acid, carboxylic a
and/or silane groups, and

b) one or more ethylenically unsaturated monomers o
said monomers a)

in the presence of 25 to 80 wt% of one or more wate
polymers, based on the overall weight [
water-soluble polymers.

The ethylenically unsaturated monomers bearing one
epoxy, amine, carboxylic acid and/or carboxylic anh
preferably of 1 to 20 carbon atoms, more preferably
carbon atoms, which may be in a linear or branched,
or cyclic arrangement. The ethylenically unsaturate
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bearing amine groups may concern primary, secondary
tertiary amines.

Examples of ethylenically unsaturated monomers bear
more epoxy groups (epoxy-functional monomers) are g
acrylate, glycidyl methacrylate (GMA) or allyl glyc
particular preference is given to glycidyl acrylate
glycidyl methacrylate; and glycidyl methacrylate is
preferable.

Examples of ethylenically unsaturated monomers bear
more amine groups (amine-functional monomers) are
2-dimethylaminoethyl methacrylate, 2-tert-butylamin
methacrylate, allyl N-(2-aminoethyl)carbamate hydro
allyl N-(6-aminohexyl)carbamate hydrochloride, ally
aminopropyl)[ | acuna] hydrochloride, allylamine or
vinylpyridine.

Examples of ethylenically unsaturated monomers havi
more carboxylic acid groups (carboxyl-functional mo
ethylenically unsaturated mono- or dicarboxylic aci
preferably acrylic acid, methacrylic acid, fumaric
maleic acid; monoesters of fumaric acid or maleic a
as the diethyl or diisopropyl esters. Maleic anhydr
example of an ethylenically unsaturated monomer bea
carboxylic anhydride group (carboxylic anhydride-fu
monomer).

Examples of ethylenically unsaturated monomers bear
more silane groups (silane-functional monomers) are
ethylenically unsaturated silicon compounds of gene
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R'SIR?, (OR®) 1.3, where R 'is CH »=CR-(CH ;) o1 or CH ,=CR'CQ(CH>) 1.3,

RPisC 1-Csalkyl, C
R® is branched or unbranched, optionally substituted
1 to 12 carbon atoms, preferably 1 to 3 carbon atom
of 2 to 12 carbon atoms, wherein R

interrupted by an ether group, and R

1-C 3 alkoxy or halogen, preferably ClI or Br,

® may optionally be
*is H or CH

alkyl of
s, or acyl
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Preferred silane-functional monomers are y-acryloyloxypropyl-
tri(alkoxy)silanes, y-methacryloyloxypropyltri(alkoxy)silanes,

a-methacryloyloxymethyltri(alkoxy)silanes, y-methacryloyloxy-
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propylmethyldi(alkoxy)silanes; vinylsilanes such as

vinylalkyldi(alkoxy)silanes and vinyltri(alkoxy)sil anes, the
alkoxy groups being for example methoxy, ethoxy,

methoxyethylene, ethoxyethylene, methoxypropylene g lycol ether
and/or ethoxypropylene glycol ether moieties. Examp les of
preferred silane-containing monomers are 3-
methacryloyloxypropyltrimethoxysilane,
3-methacryloyloxypropylmethyldimethoxysilane,

vinyltrimethoxysilane, vinylmethyldimethoxysilane,

vinyltriethoxysilane, vinylmethyldiethoxysilane,

vinyltripropoxysilane, vinyltriisopropoxysilane, vi nyltris(1-
methoxy)isopropoxysilane, vinyltributoxysilane,

vinyltriacetoxysilane, methacryloyloxymethyltrimeth oxysilane,
3-methacryloyloxypropyltris(2-methoxyethoxy)silane,

vinyltrichorosilane, vinylmethyldichlorosilane, vin yltris(2-
methoxyethoxy)silane, trisacetoxyvinylsilane,

allylvinyltrimethoxysilane, allyltriacetoxysilane,

vinyldimethylmethoxysilane, vinyldimethylethoxysila ne,
vinylmethyldiacetoxysilane, vinyldimethylacetoxysil ane,
vinylisobutyldimethoxysilane, vinyltriisopropyloxys ilane,
vinyltributoxysilane, vinyltrihexyloxysilane,

vinylmethoxydihexoxysilane, vinyltrioctyloxysilane,
vinyldimethoxyoctyloxysilane, vinylmethoxydioctylox ysilane,
vinylmethoxydilauryloxysilane, vinyldimethoxylauryl oxysilane
and also polyethylene glycol-modified vinylsilanes.

Silane-functional monomers which are most preferred are
vinyltrimethoxysilane, vinylmethyldimethoxysilane,

vinyltriethoxysilane, vinylmethyldiethoxysilane, vi nyltris(1-
methoxy)isopropoxysilane, methacryloyloxypropyltris (2-
methoxyethoxy)silane, 3-methacryloyloxypropyltrimet hoxysilane,
3-methacryloyloxypropylmethyldimethoxysilane and
methacryloyloxymethyltrimethoxysilane and also mixt ures

thereof.
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Useful silane-functional monomers further include s
group-containing(meth)acrylamides of general formul
CH=CR-CO-NR®-R’-SiR ®n-(R °) 3.m, wheren=0to 4, m=0to 2, R
is either H or methyl, R ®is H or alkyl of 1 to 5 carbon
atoms; R ' is alkylene of 1 to 5 carbon atoms or a bivalent

organic group in which the carbon chain is interrup

oxygen or nitrogen atom, R
is alkoxy of 1 to 40 carbon atoms, which may each b
substituted with further heterocycles. Where a mono
contains 2 or more R
different.

Examples of such (meth)acrylamidoalkylsilanes are:
3-(meth)acrylamidopropyltrimethoxysilane, 3-(meth)a
propyltriethoxysilane, 3-(meth)acrylamidopropyltri(
ethoxy)silane, 2-(meth)acrylamido-2-methylpropyltri
silane, 2-(meth)acrylamido-2-methylethyltrimethoxys
(2-(meth)acrylamidoethyl)aminopropyltrimethoxysilan
(meth)acrylamidopropyltriacetoxysilane, 2-(meth)acr
ethyltrimethoxysilane, 1-(meth)acrylamidomethyltrim
silane, 3-(meth)acrylamidopropylmethyldimethoxysila
(meth)acrylamidopropyldimethylmethoxysilane, 3-(N-
methyl(meth)acrylamido)propyltrimethoxysilane, 3-((
acrylamidomethoxy)-3-hydroxypropyltrimethoxysilane,
acrylamidomethoxy)propyltrimethoxysilane, N,N-dimet
trimethoxysilylpropyl-3-(meth)acrylamidopropylammon
chloride and N,N-dimethyl-N-trimethoxysilylpropyl-2
(meth)acrylamido-2-methylpropylammonium chloride.

Said monomers a) are preferably employed in an amou
to 60 wt%, more preferably from 1 to 30 wt% and mos
preferably from 2 to 20 wt%, all based on the overa

of modified water-soluble polymers.

Monomers b) are preferably selected from the group
vinyl esters, (meth)acrylic esters, vinylaromatics,
1,3-dienes and vinyl halides. (Meth)acrylic esters
vinylaromatics are particularly preferred monomers
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Useful vinyl esters include, for example, vinyl est
carboxylic acids having 1 to 22 carbon atoms, in pa
to 12 carbon atoms. Preference is given to vinyl ac
vinyl propionate, vinyl butyrate, vinyl 2-ethylhexa
vinyl laurate, vinyl myristate, vinyl palmitate, vi
stearate, vinyl arachidate, 1-methylvinyl acetate,
pivalate and vinyl esters of
having 9 to 11 carbon atoms, for example VeoVa9
(Resolution trade names). Vinyl acetate is particul
preferable.

Useful acrylic esters or methacrylic esters include
example, esters of branched or unbranched alcohols
22 carbon atoms, in particular 1 to 15 carbon atoms
methacrylic esters or acrylic esters are methyl acr
methyl methacrylate, ethyl acrylate, ethyl methacry
propyl acrylate, propyl methacrylate, n-butyl acryl
n-butyl methacrylate, t-butyl acrylate, t-butyl met
2-ethylhexyl acrylate, lauryl acrylate, myristyl ac
stearyl acrylate, palmityl acrylate, lauryl methacr

myrystil [ si ¢] methacrylate, stearyl methacrylate or palmityl

methacrylate. Particular preference is given to met
acrylate, methyl methacrylate, n-butyl acrylate, t-
acrylate or 2-ethylhexyl acrylate.

Preference for use as vinylaromatics is given to st
methylstyrene and vinyltoluene. Vinyl chloride is t
preferred vinyl halide. The preferred olefins are e
propylene while the preferred dienes are 1,3-butadi
isoprene.

Said monomers b) are preferably employed in an amou
73 wt%, more preferably from 10 to 65 wt% and espec
20 to 60 wt%, all based on the overall weight of mo
water-soluble polymers.
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Optionally, one or more ethylenically unsaturated m
other than said monomers a) and b) may also be empl
free-radically initiated polymerization for prepari
modified water-soluble polymers.

Examples of monomers c) are ethylenically unsaturat
carboxamides and carbonitriles, preferably acrylami
acrylonitrile; diesters of fumaric acid and maleic

as the diethyl and diisopropy! esters, ethylenicall
unsaturated sulfonic acids and/or salts thereof, pr
vinylsulfonic acid, 2-acrylamido-2-methylpropanesul
Further examples are precrosslinking comonomers suc
polyethylenically unsaturated comonomers, for examp
phthalate, divinyl adipate, diallyl maleate, allyl
methacrylate or triallyl cyanurate, or postcrosslin
comonomers, for example acrylamidoglycolic acid (AG
methylacrylamidoglycolic methyl ester (MAGME), N-me
acrylamide (NMA), N-methylolmethacrylamide, N-methy
carbamate, alkyl ethers such as the isobutoxy ether

of N-methylolacrylamide, of N-methylolmethacrylamid
N-methylolallyl carbamate. Also suitable are monome
hydroxyl or CO groups, for example hydroxyalkyl est
methacrylic acid and and of acrylic acid such as hy
acrylate, hydroxyethyl methacrylate, hydroxypropyl
hydroxypropyl methacrylate, hydroxybutyl acrylate o
hydroxybutyl methacrylate, and also compounds such
diacetoneacrylamide or acetylacetoxyethyl acrylate
methacrylate.

Said monomers c) are preferably employed at from 0.
and more preferably at 0.1 to 5 wt%, all based on t
weight of the modified water-soluble polymers. What
preferred is not to employ any monomers c).

The water-soluble polymers generally have an at lea
solubility in water at a temperature between 20°C a
at a pH between 3 and 12, in particular at a pH bet
and 9.
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Useful water-soluble polymers include, for example,
comprising units of vinyl alcohol, vinylpyrrolidone
acetals, ethylenically unsaturated carboxylic acids
acrylamides, vinylsulfonic acids, ethylenically uns
amines or ammonium compounds or else polymers such
polysaccharides in water-soluble form, proteins,
ligninsulfonates or formaldehydesufonates.

Preferred water-soluble polymers are polyvinyl alco
polyvinyl acetals; polyvinylpyrrolidones; polysacch
water-soluble form such as starches (amylose and am
celluloses and their carboxymethyl, methyl, hydroxy
and/or hydroxypropy! derivatives, dextrins and cycl
proteins such as casein or caseinate, soyprotein,
ligninsulfonates; synthetic polymers such as poly(m
acid, copolymers of (meth)acrylates with carboxyl-f
comonomer units, poly(meth)acrylamide, polyvinylsul
and their water-soluble copolymers;
melamineformaldehydesulfonates,
naphthaleneformaldehydesulfonates,
cresolformaldehydesulfonates, styrene-maleic acid ¢
and vinyl ether-maleic acid copolymers.

Preferred polyvinyl alcohols further include polyvi
alcohols comprising hydrophobic monomer units, for
hydrolyzed copolymers of vinyl acetate with hydroph
comonomers such as isopropenyl acetate, vinyl pival
ethylhexanoate, vinyl esters of saturated alpha-bra
monocarboxylic acids of 5 or 9 to 11 carbon atoms,
maleates and dialkyl fumarates such as diisopropyl
diisopropyl fumarate, vinyl chloride, vinyl alkyl e

as vinyl butyl ether, olefins such as ethene and de
proportion of hydrophobic monomer units is preferab
range from 0.1 to 10 wt%, based on the overall weig
particular polyvinyl alcohol.
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The polyvinyl alcohols may also concern cationic po
alcohols or anionic polyvinyl alcohols. Cationic pr
colloids are polymers having a cationic charge; ani
protective colloids are polymers having an anionic

Examples of cationic polyvinyl alcohols are polymer
containing cationic monomer units, preferably monom
having quaternary ammonium groups, sulfonium groups
phosphonium groups. Preference is given to hydrolyz
copolymers of vinyl acetate with one or more cation
comonomers selected from the group comprising
allylalkylammonium halides, (meth)acryloyloxyalkyla
halides, (meth)acrylamidoalkyl-ammonium halides, am
(meth)acrylate and aminoalkyl-(meth)acrylamide, whe
alkyl radicals may contain 1 to 4 carbon atoms. Pre
cationic comonomers are selected from the group com
diallyldiethylammonium chloride (DADEAC), (3-methac
propyltrimethylammonium chloride (MPTAC), (3-methac
ethyltrimethylammonium chloride (METAC), (3-methacr
propyltrimethylammonium chloride (MAPTAC), 2-dimeth
ethyl methacrylate or 3-dimethylaminopropyl-methacr
(DMAEMA or DMAPMA are protonated species at pH
especially diallyldimethylammonium chloride (DADMAC
preferred monomers c) are diallyldimethyl-ammonium
(DADMAC), diallyldiethylammonium chloride (DADEAC),
methacryloyloxy)propyltrimethylammonium chloride (M
methacryloyloxy)ethyltrimethylammonium chloride (ME
methacrylamido)propyltrimethylammonium chloride (MA
preparation of cationic polyvinyl alcohols is descr
example, in EP1724288A1 or in E.W. Flick, Water-Sol
Resins - an Industrial Guide, Noyes Publications, P
N.J., 1991.

The proportion of cationic comonomers is preferably
30% by weight, more preferably 1% to 15% by weight,
preferably 1% to 10% by weight and most preferably
weight, all based on the overall weight of the cati
polyvinyl alcohols.
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Examples of anionic polyvinyl alcohols are polymers
anionic monomer units, preferably monomer units hav
sulfate, sulfonic acid, phosphate, phosphonate and
acid groups or the respective salts thereof. Partic
preferred anionic monomer units bear phosphate, pho
especially sulfonic acid or carboxylic acid groups.

Is given to hydrolyzed copolymers of vinyl acetate

more anionic comonomers selected from the group com

vinyl sulfonates, allyl sulfonates, ethylenically u
mono- or dicarboxylic acids, monoesters of fumaric
maleic acid. Particular preference is given to viny
sulfonates and ethylenically unsaturated mono- or d
acids. Especially preferred are vinyl sulfonate, 2-
propene-1-sulfonic acid, allyl sulfonate, acrylic a
methacrylic acid, fumaric acid, maleic acid, monoet
monoisopropy! esters of fumaric acid or of maleic a
salts of the aforementioned acids. Most preferred i
sulfonate. The preparation of anionic polyvinyl alc
described, for example, in WO06122705A.

The proportion of anionic comonomers is preferably
30% by weight, more preferably 1% to 20% by weight,
preferably 1% to 15% by weight and most preferably
by weight, all based on the overall weight of the a
polyvinyl alcohols.

Preference is given to partly hydrolyzed or fully h
polyvinyl alcohols having a hydrolysis level of 80
100 mol%, especially partly hydrolyzed polyvinyl al
having a hydrolysis level of 80 to 95 mol%. The hyd
level refers to the molar ratio of the vinyl alcoho

the sum total of the vinyl alcohol and vinyl esters
the respective water-soluble polymer c).

The polyvinyl alcohols have a Hoppler viscosity of
0.4 to 30 mPas, more preferably 0.4 to 15 mPas, eve
preferably of 0.5 to 10 mPas and most preferably of
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mPas (determined by the Hoppler method at 20°C to D
4% aqueous solution).

Polyvinyl acetals are obtainable by partial or full
acetalization of the partly or fully hydrolyzed pol
alcohols. The polyvinyl acetals are prepared by sta
methods, by acetalizing the polyvinyl alcohols ment
aldehydes, as described, for example, in DE-A 10140
Preference is given to aldehydes from the group of
aliphatic aldehydes having 1 to 15 carbon atoms, es

formaldehyde, acetaldehyde, propionaldehyde and mos

preferably butyraldehyde or a mixture of butyraldeh
acetaldehyde. Aromatic aldehydes used may, for exam
benzaldehyde or derivatives thereof. The acetalizat

of the polyvinyl acetals can be adjusted via the am
aldehyde used. This is because, since the acetaliza
proceeds with almost complete conversion, the amoun
be determined by simple stoichiometric calculation.

Particularly preferred water-soluble polymers are p
alcohols, including in particular cationic polyviny
or anionic polyvinyl alcohols.

To prepare the modified water-soluble polymers by ¢
addition polymerization, the water-soluble polymers
employed at preferably from 25 to 80 wt%, more pref
from 30 to 70 wt% and most preferably at from 35 to
all based on the overall weight of the modified wat
polymers.

During said polymerization for preparing the modifi
soluble polymers, the water-soluble polymers become
with, in general, monomer units of monomers a) and/
and/or optionally c). Grafting is to be understood

that units of ethylenically unsaturated monomers be
attached to the water-soluble polymers via covalent

PCT/EP2014/07 0283

IN 53015 in

yvinyl
ndard
ioned with
131.

the
pecially

t

yde and
ple, be
ion level
ount of
tion

t added can

olyvinyl
| alcohols

hain growth
are

erably at
60 wt%,
er-soluble

ed water-
grafted

or b)

as meaning
come
bonds.



10

15

20

25

30

35

WO 2015/0 44153 13

The polymer units based on said monomers a), b) and
c) of the modified water-soluble polymers have volu
particle sizes of preferably 10 nm to 200 nm, more

of from 30 nm to 180 nm and most preferably of from

130 nm (as determined using a BeckmanCoulter LS 133

These particle sizes are particularly advantageous
to the stronger adherence of crosslinked modified w
soluble polymers to substrates.

The modified water-soluble polymers are obtainable,
example, by the ethylenically unsaturated monomers
present invention being made to undergo an emulsion
polymerization in the presence of one or more water
polymers. It is thus preferably not a suspension
polymerization which takes place. The polymerizatio
temperature is preferably between 40°C and 100°C, m
preferably between 60°C and 90°C. The copolymerizat
gaseous comonomers such as ethylene, 1,3-butadiene
chloride can also be carried out under superatmosph
pressure, in general between 5 bar and 100 bar. The
the polymerization is preferably between 2 and 11.
bearing monomers a) are employed, the pH during the
polymerization is preferably between 4 and 9, more
between 4 to 8 and most preferably between 6 and 7.
be established in the known manner using both organ
inorganic acids, bases or buffers, as for example b

of hydrochloric acid, ammonia or alkaline earth and
metal hydroxides, for example aqueous sodium hydrox
solution.

The polymerization is typically carried out in wate
optionally mixed with one or more organic solvents,
alcohols of 1 to 7 carbon atoms. Examples of alcoho
methanol, ethanol, propanol, butanol or pentanol. T
proportion of water, based on the combined weight o
organic solvents and water, is preferably

preferably > 90 wt% and most preferably 100 wt%.
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The polymerization may be initiated, for example, b
the monomer-soluble initiators, in particular water
initiators or else redox-initiator combinations, cu

the emulsion polymerization process; preferably, re
initiator combinations are eschewed. Examples of wa
initiators are the [ si ¢] hydrogen peroxide, t-butyl peroxide,
t-butyl hydroperoxide, potassium peroxodiphosphate,
peroxopivalate, cumene hydroperoxide, isopropylbenz
monohydroperoxide, azobisisobutyronitrile. Examples
monomer-soluble initiators are dicetyl peroxydicarb
dicyclohexyl peroxydicarbonate, dibenzoyl peroxide
preferably alkali or alkaline earth metal or ammoni
such as sodium, potassium and ammonium salts, of
peroxydisulfuric acid.

The waterfastness of the modified water-soluble pol
and/or of their in-service products is further enha
particularly by employment of peroxydisulfuric acid
thereof as an initiator.

The recited initiators are generally employed in an
0.1 to 5.0 wt%, preferably 0.2 to 2.0 wt%, all base
overall weight of the monomers.

Preferably > 20 wt%, more preferably
preferably > 40 wt% and yet still more preferably
the initiators is initially charged while the remai
portion of the initiators is metered in during the
polymerization, based on the overall weight of the
The proportion of the overall weight of the initiat

Is metered in during the polymerization is preferab

< 80 wt%, more preferably
<10 wt%. Most preferably, no initiators are metered
the polymerization, i.e., the initiators are fully

the initial charge. On completion of the addition o
monomers, however, additional amounts of initiators
added to complete the polymerization. The initial ¢
and/or metering of the initiators in the manner of
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invention likewise serves to improve the waterfastn
modified water-soluble polymers and/or of their in-
products. In addition, the particle size or the vis
the modified water-soluble polymers is controllable
manner.

Useful redox initiators include combinations formed
recited initiators and reducing agents. Useful redu
include, for example, the sulfites and bisulfites o

alkali metals and of ammonium, such as sodium sulfi
derivatives of sulfoxylic acid such as zinc or alka
formaldehydesulfoxylates, such as sodium
hydroxymethanesulfinate, and ascorbic acid. The amo
reducing agent is generally in the range from 0.001
0.03 wt%, preferably from 0.001 to 0.015 wt%, all b
overall weight of the monomers.

The water-soluble polymers may be wholly or partly
or, preferably, initially charged in full. The prop

the water-soluble polymers which is initially charg
preferably not less than 50 wt%, more preferably no
60 wt% and most preferably not less than 80 wt%, al
the amount of water-soluble polymers which is used

Preferably > 50 wt%, more preferably

preferably > 70 wt% and most preferably
of water-soluble polymers which is used overall wil
initially charged or metered in by the time
preferably < 50 wt%, more preferably
preferably
monomers a) and b) has been initially charged or me

Said monomers a) and b) may be initially charged in
entirety or specifically fully metered in. The prop
monomers a) and b) which is metered in is preferabl
20 wt%, in particular from 0 to 10 wt%, based on th
weight of the altogether employed amounts of monome
b), while the remainder of monomers a) and b) is me
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a later stage during the polymerization, in particu
stage where > 50 wt%, preferably
> 70 wt% and most preferably
soluble polymers which is employed overall will hav
initially charged or metered in. The metered additi
carried out separately (in time and/or place).

The preferred metered additions and, respectively,
charging, of said monomers b) and especially a) or
water-soluble polymers are particularly useful for
the crosslinking properties of the modified water-s
polymers or for enhancing the waterfastness of thei
service products.

Emulsifiers may be additionally present during the
polymerization. When the polymerization is carried
presence of emulsifiers, their amount is preferably
range from 1 to 5 wt% based on the weight of monome
b). Preference is given to polymerizing in the abse
emulsifiers. Examples of emulsifiers are anionic, ¢
amphoteric, polymerizable or nonionic emulsifiers,
anionic surfactants, in particular alkyl sulfates h
chain length of 8 to 18 carbon atoms, alkyl or alky
sulfates having 8 to 18 carbon atoms in the hydroph
and up to 40 ethylene oxide or propylene oxide unit
or alkylarylsulfonates having 8 to 18 carbon atoms,
monoesters of sulfosuccinic acid with monohydric al
alkylphenols, or nonionic surfactants such as alkyl
ethers or alkylaryl polyglycol ethers having 8 to 4
oxide units.

To control the molecular weight and/or the viscosit
transfer agents may be employed during the polymeri
When chain transfer agents are employed, they are t
employed in amounts between 0.01 to 5.0 wt%, based
monomers a) and optionally b) to be polymerized, an
metered in separately or else in a premix with reac
components. Examples of chain transfer agents are n
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mercaptan, tert-dodecyl mercaptan, mercaptopropioni
methyl mercaptopropionate, isopropanol and acetalde

The modified water-soluble polymers are preferably
water or in a mixture of water and organic solvent,
particular at a solids content of 5% to 60%, prefer
50% and more preferably 15% to 45%. The viscosities
modified water-soluble polymers are very greatly de
the water-soluble polymers employed for their prepa
allowing the preparation of modified water-soluble

a very wide range of viscosities.

Aqueous dispersions or aqueous solutions of the mod
water-soluble polymers are notable for a high level
stability. This manifests itself, for example, in t

inability to separate the modified water-soluble po
aqueous form into a polymer phase and a serum by ce
for one hour with an ultracentrifuge (Optimal L-100
Beckman Coulter) under standard conditions to DIN50
40 000 revolutions per minute — unlike the known pr
colloid-stabilized polymers of ethylenically unsatu
monomers.

To prepare the modified water-soluble polymers in t
solids, in particular in the form of powders, modif
soluble polymers in the form of dispersions or solu
be freed of water and any solvent in a known manner
example using precipitation, distillation or drying
particular by fluidized bed drying, freeze drying o
drying. The modified water-soluble polymers are pre
dried without addition of drying assistants, i.e.,
without the abovementioned water-soluble polymers b
after conclusion of the polymerization for preparin
modified water-soluble polymers, and in particular
water-soluble polymers being added during drying. T
dispersions are preferably spray-dried. This spray
carried out in customary spray drying equipment, an
atomization may be effected using one-, two- or mul
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nozzles or with a rotating disk. The exit temperatu
generally chosen within the range from 45°C to 120°
preferably from 60°C to 90°C.

Modified water-soluble polymers are thereby obtaina
form of water-thinnable or water-redispersible powd

To enhance the storability by improving the blockin
resistance, the powder obtained may be additized wi
antiblocking agents (anticaking agents). The modifi
soluble polymers in the form of powders preferably
from 2 to 10 wt% of antiblocking agent, based on th
weight of the modified water-soluble polymers. Howe
particularly preferable to eschew the addition of a
agents. Examples of antiblocking agents are calcium
magnesium carbonate, talcum, gypsum, silica, kaolin
metakaolin, calcined kaolin, silicates having parti
preferably in the range from 10 nm to 100 pm.

In one preferred embodiment, one or more modified w
soluble polymers are present as a constituent of a
crosslinking agent composition additionally contain
more components from the group comprising base poly
components, hardeners and additives.

To prepare the crosslinking agent composition, the
water-soluble polymers and the further component of
crosslinking agent composition are mixed in manner
used in the present field of the invention.

The base polymers are based on one or more ethyleni
unsaturated monomers, for example as selected from
comprising the abovementioned monomers a), b) and c
monomers being preferable, more preferable and most
as indicated above. Film-forming polymers are also
use [ | acuna] such base polymers.
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Examples of homo- or copolymers useful as base poly
vinyl acetate homopolymers, copolymers of vinyl ace
ethylene, copolymers of vinyl acetate with ethylene
more further vinyl esters, copolymers of vinyl acet
ethylene and acrylic esters, copolymers of vinyl ac
ethylene and vinyl chloride, styrene-acrylic ester
styrene-1,3-butadiene copolymers.

Preference is given to vinyl acetate homopolymers;

of vinyl acetate with from 1 to 40 wt% of ethylene;

of vinyl acetate with from 1 to 40 wt% of ethylene

to 50 wt% of one or more further comonomers from th
vinyl esters having 1 to 12 carbon atoms in the car
acid moiety such as vinyl propionate, vinyl laurate
esters of alpha-branched carboxylic acids having 5

carbon atoms such as VeoVa9R, VeoValOR, VeoVallR; c

of vinyl acetate, from 1 to 40 wt% of ethylene and
from 1 to 60 wt% of acrylic ester of branched or un
alcohols having 1 to 15 carbon atoms, in particular
acrylate or 2-ethylhexyl acrylate; and copolymers c
from 30 to 75 wt% of vinyl acetate, from 1 to 30 wt
laurate or vinyl ester of an alpha-branched carboxy
having 5 to 13 carbon atoms, and also from 1 to 30
acrylic ester of branched or unbranched alcohols ha
15 carbon atoms, in particular n-butyl acrylate or
2-ethylhexyl acrylate, which may each further compr
to 40 wt% of ethylene; copolymers comprising vinyl
from 1 to 40 wt% of ethylene and from 1 to 60 wt% o
chloride; subject to the proviso that the polymers
further comprise the recited comonomers in the reci
amounts, and the particulars in wt% always add up t

Preference is also given to (meth)acrylic ester pol

as copolymers of n-butyl acrylate or 2-ethylhexyl a
copolymers of methyl methacrylate with n-butyl acry
2-ethylhexyl acrylate and optionally ethylene; styr
ester copolymers with one or more monomers from the
methyl acrylate, ethyl acrylate, propyl acrylate, n
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acrylate, 2-ethylhexyl acrylate; vinyl acetate-acry
copolymers with one or more monomers from the group
acrylate, ethyl acrylate, propyl acrylate, n-butyl
2-ethylhexyl acrylate and optionally ethylene; styr
butadiene copolymers; subject to the proviso that t

may each further comprise the recited comonomers in
recited amounts, and the particulars in wt% always

100 wt%.

The monomers and/or the weight fractions for the co
are selected so as to obtain in general a glass tra
temperature Tg of —-50°C to +50°C, preferably —30°C
The glass transition temperature Tg of polymers is
quantifiable in a known manner by Differential Scan
Calorimetry (DSC). Tg is also approximatable in adv
the Fox equation. According to Fox T. G., Bull. Am.
Soc. 1, 3, page 123 (1956): 1/Tg = x1/Tgl + x2/Tg2
xn/Tgn, where xn represents the mass fraction (wt%/
monomer n and Tgn represents the glass transition t
in kelvins of the homopolymer of monomer n. Tg valu
homopolymers are reported in the Polymer Handbook 2
J. Wiley & Sons, New York (1975).

The base polymers are obtainable by free-radically
polymerization of ethylenically unsaturated monomer
example described in DE-A 102006050336, preferably
polymerization processes in an aqueous medium.

The base polymers may for example be emulsifier sta
preferably protective colloid stabilized. Useful pr
colloids include, for example, the abovementioned w
soluble polymers, or the modified water-soluble pol
the present invention. Useful emulsifiers are recit

way of example. The emulsion polymerization process
preparing the base polymers is |
the presence of protective colloids, more preferabl
absence of the modified water-soluble polymers. In
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colloid-stabilized base polymers, the protective co
the base polymers are generally present side by sid

The polymerization generally generates the base pol
the form of aqueous dispersions. To prepare the bas
in the form of water-redispersible powders, the aqu
dispersions are dried, optionally after addition of
assistants, for example the abovementioned water-so
polymers, preferably the modified water-soluble pol
methods described above for drying the modified wat
polymers may find application here. In general, the

iIs employed in an overall amount of 3 to 30 wt%, ba
polymeric constituents of the dispersion. Preferenc
to employing from 5 to 20 wt% based on the polymer

The use polymer blends as crosslinking assistants i
preferable. Polymer blends contain one or more modi
soluble polymers and one or more base polymers, in
one or more protective colloid-stabilized base poly
Preferred polymer blends contain with preference fr
95 wt%, more preferably from 5 to 50 wt% and most p
from 5 to 30 wt% of modified water-soluble polymers
based on the dry weight of the polymer blend. Prefe
polymer blends also contain with preference from 5
more preferably from 50 to 95 wt% and most preferab
to 95 wt% of protective colloid-stabilized base pol
based on the dry weight of the polymer blend. The p
blends are preferably in the form of aqueous disper
more preferably in the form of water-redispersible

The modified water-soluble polymers are incorporabl
polymer blends in various ways. For example, protec
colloid-stabilized base polymers and modified water
polymers may each be mixed in solid form or each be
aqueous form. It is further also possible to mix ei
protective colloid-stabilized base polymers or the
water-soluble polymers in solid form and whichever
other of the two components referred to in aqueous

PCT/EP2014/07 0283

lloids and
e.

ymers in

e polymers
eous
drying
luble
ymers. The
er-soluble
drying aid
sed on the
e is given
content.

s also

fied water-
particular
mers.

om 2 to
referably

, each
rred

to 98 wt%,
ly from 70
ymers, each
olymer
sions and
powders.

e in the
tive
-soluble
mixed in
ther the
modified
is the
form.



10

15

20

25

30

35

WO 2015/0 44153 22

Preferably, the modified water-soluble polymers are
particular in their aqueous form, to the aqueous pr
colloid-stabilized base polymer dispersions before
during drying.

Epoxy components are, for example, synthetic resins
epoxy groups, generally polyethers having two or mo
groups, in particular two terminal epoxy groups. Ep
components are commonly polycondensates, in particu
polyhydric monomeric alcohols and chlorine- as well
functional monomers. The epoxy compounds may be ali
araliphatic or aromatic in nature. The epoxy compon
preferably do not bear any free-radically polymeriz
groups, such as ethylenically unsaturated groups. E
epoxy compounds of the bisphenol A type, i.e., cond
products of bisphenol A and epichlorohydrin or
methylepichlorohydrin. Also suitable are epoxy comp

on bisphenol F, which generally comprise a mixture
bisglycidyloxyphenylmethanes. Further examples are
epoxy compounds such as glycidyl ethers of aliphati

in particular butyl diglycidyl ether or trimethylol
triglycidyl ether; cycloaliphatic epoxy resins such
vinylcyclohexane dioxide, dicyclopentadiene dioxide
epoxy-6-methylcyclohexylmethyl [
epoxy compounds such as triglycidyl isocyanurate. E
of this type are commercially available, for exampl
bisphenol A and bisphenol F types as Epilox

resins of the bisphenol A type and bisphenol F type
preferred and glycidyl ethers of aliphatic polyols
particularly preferred.

The epoxy components are employed in an amount of p
to 70 wt%, more preferably 4 to 50 wt%, all based o
weight of the modified water-soluble polymers.

Preference is also given to the use of blends with
components as crosslinking assistants. Blends of th
contain one or more modified water-soluble polymers
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more epoxy components and optionally one or more ba
polymers, in particular one or more protective coll
stabilized base polymers. Preferred blends with epo
components contain with preference from 5 to 70 wt%
preferably from 5 to 50 wt% and most preferably fro

50 wt% of modified water-soluble polymers; preferab
to 90 wt%, more preferably from 5 to 70 wt% and mos
preferably from 10 to 70 wt% of epoxy components; o
from 0O to 95 wt% and preferably from 5 to 90 wt% of
colloid-stabilized base polymers, with the proviso
particulars in wt% are each based on the dry weight
blends with epoxy components and add up to 100 wt%
The blends with epoxy components are preferably in
aqueous dispersions and more preferably in the form
redispersible powders.

The blends with epoxy components are obtainable by
individual constituents of the blends in various wa
example, the epoxy components, the modified water-s
polymers and optionally the base polymers are each
in solid form for the mixing or each in aqueous for
further also possible for one or more components of
with epoxy components to be used for mixing in soli
the remaining components in aqueous form. The epoxy
are preferably employed as pure substance. Preferab
modified water-soluble polymers and/or the epoxy co
are mixed after the preparation of the base polymer
growth addition polymerization and more preferably
and/or during the drying of the aqueous base polyme
dispersions.

Hardeners hasten the crosslinking of the modified w
soluble polymers and/or of the optional epoxy compo
enable said crosslinking to take place at higher cr
rates, even at comparatively low temperatures. Pref
hardeners are selected from the group comprising am
silanes, in particular aminosilanes or epoxysilanes
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Preferred amines have two or more amino groups, for
aliphatic polyamines, polyoxyalkyleneamines,
polyethyleneimines, aminosilanes and their condensa
products, amino-functional polyvinyl alcohols. Part
preferred amines are aliphatic polyamines, which ar

under the trade names of Anquamine R [Epilink

hardeners, or polyoxyalkyleneamines, which are avai
the trade names of Jeffamine
are available under the trade name of Polyimin.

Preference is also given to aminosilanes and conden
products thereof. Useful aminosilanes include, for
those available under the trade name of Geniosil
N-(2-aminoethyl)(3-aminopropyl)trimethoxysilane (Ge
91), (3-aminopropyl)triethoxysilane (Geniosil GF 93
aminoethyl)(3-aminopropyl)methyldimethoxysilane (Ge
95).

Preferred epoxysilanes are (3-glycidoxypropyl)trime
and especially (3-glycidoxypropyl)triethoxysilane.

The hardener blends are preferably in the form of a
dispersions and more preferably in the form of wate
redispersible powders.

It is preferable to align the amount of hardener wi
molar ratio of monomer units a) of the modified wat
polymers and the functional groups of the hardener,
particular the amino or epoxy groups of the hardene
accordingly also particularly preferable to employ
modified water-soluble polymers and the hardeners i
guantitative ratio that the molar ratio of monomer
the functional groups of the hardener is in the ran

to 2.0.

The hardenable blends are obtainable by mixing thei
individual constituents in various ways. The harden
incorporable, for example, as pure substance or app

Ror Epilox

R or polyethyleneimines, which
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supports, such as calcium carbonate, silicates or z

in encapsulated form, for example in organic or ino
encapsulation materials. The hardeners are preferab
as pure substance. For example, the hardeners, the
water-soluble polymers, optionally the epoxy compon
optionally the base polymers are mixable with each
form or each in aqueous form. It is further also po

mix one or more components of a hardener blend in s
while the remaining components are in aqueous form.
Preferably, the hardeners and the further constitue
hardener blends are only mixed before their applica
preferably immediately before their application. It
particularly preferable to add hardeners to aqueous
dispersions comprising modified water-soluble polym
epoxy components and/or base polymers, in particula
protective colloid-stabilized base polymers.

To improve the performance characteristics, the cro
agent composition, the polymer blends, the blends w
components or the hardener blends may contain furth
additives, for example fillers, pigments, plasticiz
stabilizers, flame retardants, hydrophobicizing age
or further polymers, such as polyurethanes or polys
Additives of this type may be included in the amoun
customary therefor, for example at from 0.1 to 90 w
preferably at from 2 to 50 wt% and more preferably
to 10 wt%, based on the dry weight of the particula
composition or blend. Most preferably, no additives
included.

To serve as a crosslinking assistant, the modified
soluble polymers and/or the crosslinking agent comp
the polymer blends, the blends with epoxy component
hardener blends are applied to a substrate, general
liquid or pasty form, in particular as an aqueous m
crosslinking generally occurs in the course of the

the polymers. Crosslinking is to be understood as m
particularly monomer units a) of the modified water
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polymers react with polymers and the optionally add
constituents of the applied composition or with the
to form a network.

The crosslinking of the modified water-soluble poly
advantageously be effected at a very wide variety o
temperatures, for example at from 2°C to 200°C, mor
preferably at from 15°C to 160°C. When the crosslin
modified water-soluble polymers takes place in the
hardeners, the temperatures for this are preferably
range from 90°C to 200°C and more preferably in the
130°C to 160°C. Crosslinking at temperatures below
generally takes several days, for example a week. A
especially above 125°C, crosslinking takes a few mi
example from 1 to 10 minutes and especially from 2
5 minutes.

The crosslinking agents of the present invention ar
employable in the typical fields of use for crossli
agents, being useful in general as crosslinking age
coatings or adhesives, as, for example, for woven o
textiles, fibers or paper. Particular preference is

the employment as crosslinking agents in the manufa
paper coatings, in particular for thermal and inkje

or for coating organic and inorganic fibers.

Possible usages for the modified water-soluble poly
further in chemical products for civil engineering,
in conjunction with mineral binders such as cements

cement, aluminate cement, trass cement, foundry cem
magnesia cement, phosphate cement), gypsum and wate

the manufacture of civil engineering adhesives, in
tile adhesives and integrated thermal insulation ad
renders, spackling compounds, floor screeds, leveli
compounds, sealing compounds, jointing mortars, pri
vapor barriers and paints.
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The modified water-soluble polymers of the present
surprisingly crosslink into products having soil-re
properties and having the desired waterfastness. No
unconnectedly, the extractability of water-soluble
constituents from the crosslinked products is corre
reduced, counteracting the appearance of effloresce
Crosslinked modified water-soluble polymers are not
very low level of water imbibition. The modified wa
polymers are free from specks; shear and shelf stab
redispersible in the uncrosslinked state; and water
crosslinking. Advantageously, employing the modifie
soluble polymers of the present invention as crossl
assistants makes it possible to eschew the use of h
hardeners, such as formaldehyde-evolving hardeners.

The examples which follow serve to further elucidat
invention:

Preparation of nodified water-soluble polyners

Solids content:
Determination as per DIN EN ISO 3251 in drying cabi
20 min at 150°C

Hoppler viscosity:
Determination at 20°C as per DIN 53015 in 4% aqueou

Brookfield viscosity:

Determination with a Brookfield viscometer, after ¢
to 23°C, by use of spindle 1 or 2 at 20 revolutions
minute. The particular spindle, solvent and solids
used are reported for each measurement.

Volume average patrticle size:
Determination using Beckmann Coulter BeckmanCoulter

(PIDS).

Exanmple 1 (Ex.1):
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A thermostated laboratory reactor having a capacity
3.0 liters and a nitrogen atmosphere was initially
with 1002 g of a 20% aqueous polyvinyl alcohol solu
(Mowiol 4-88, trade name of Kuraray, H6ppler viscos
hydrolysis level 88) and 1196 g of water containing
potassium peroxodisulfate (KPS) before heating to 8
agitation. On reaching 80°C, a monomer mixture form
113 g of butyl acrylate and 113 g of styrene was me
the reactor in a continuous manner in the course of
70 minutes. On completion of the addition of the mo
mixture, 75.3 g of glycidyl methacrylate (GMA) from
container were added into the reactor in a continuo
in the course of 30 minutes. On completion of the a
GMA, the resulting reaction mixture was cooled down
temperature in the course of one hour. During the ¢
phase, two lots of 4 g of tert-butyl hydroperoxide
water) and 4 g of ascorbic acid (10% in water) at a
added to complete the polymerization.

The polymer dispersion thus obtained had a solids ¢
20.2%, a pH 7 Brookfield viscosity of 147 mPa.s (sp
and a volume average particle size of 87 nm.

Exanple 2 (Ex. 2):

A thermostated laboratory reactor having a capacity
3.0 liters and a nitrogen atmosphere was initially
with 752 g of a 20% aqueous polyvinyl alcohol solut
4-88) and 1396 g of water containing 0.8 g of potas
peroxodisulfate (KPS) before heating to 80°C under
On reaching 80°C, a monomer mixture formed from 137
butyl acrylate and 137.8 g of styrene was metered i
reactor in a continuous manner in the course of 85
completion of the addition of the monomer mixture,
glycidyl methacrylate (GMA) from a separate contain
added into the reactor in a continuous manner in th
30 minutes. On completion of the addition of GMA, t
resulting reaction mixture was cooled down to room
in the course of one hour. During the cooling phase
of 4 g of tert-butyl hydroperoxide (10% in water) a
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ascorbic acid (10% in water) at a time were added t
the polymerization.

The polymer dispersion thus obtained had a solids ¢
20.1%, a pH 7 Brookfield viscosity of 56 mPa.s (spi

a volume average patrticle size of 80 nm.

Exanple 3 (Ex. 3):

A thermostated laboratory reactor having a capacity
3.0 liters and a nitrogen atmosphere was initially
with 1002 g of a 20% aqueous polyvinyl alcohol solu
(Mowiol 4-88) and 1196 g of water containing 1.1 g
potassium peroxodisulfate (KPS) before heating to 8
agitation. On reaching 80°C, a monomer mixture form
144.5 g of butyl acrylate, 144.5 g of styrene and 1
vinyl triethoxysilane was metered into the reactor
continuous manner in the course of 70 minutes. On ¢
of the addition of the monomer mixture, the polymer
continued for one hour. After that, the resulting r
mixture was cooled down to room temperature in the
one hour. During the cooling phase, two lots of 4 g
butyl hydroperoxide (10% in water) and 4 g of ascor
(10% in water) at a time were added to complete the
polymerization.

The polymer dispersion thus obtained had a solids ¢
20.1%, a pH 5 Brookfield viscosity of 160 mPa.s (sp
and a volume average particle size of 89 nm.

Conparative Exanple 4 (CEx.4):

A thermostated laboratory reactor having a capacity
3.0 liters and a nitrogen atmosphere was initially

with 502.6 g of a 20% aqueous polyvinyl alcohol sol
(Mowiol 4-88) and 1595 g of water containing 0.8 g
potassium peroxodisulfate (KPS) before heating to 8
agitation. On reaching 80°C, a monomer mixture form
137.8 g of butyl acrylate and 137.8 g of styrene wa
into the reactor in a continuous manner in the cour
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85 minutes. On completion of the addition of the mo
mixture, 75.3 g of glycidyl methacrylate (GMA) from
container were added into the reactor in a continuo
in the course of 30 minutes. On completion of the a
GMA, the resulting reaction mixture was cooled down
temperature in the course of one hour. During the ¢
phase, two lots of 4 g of tert-butyl hydroperoxide
water) and 4 g of ascorbic acid (10% in water) at a
added to complete the polymerization.

The polymer dispersion thus obtained had a solids ¢
20.3%, a pH 7 Brookfield viscosity of 32 mPa.s (spi
a volume average patrticle size of 110 nm.
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Testing of redispersion behavior of polymer filns based on

nodi fi ed wat er - sol ubl e pol yners:

The dispersions of the (comparative) examples were
applied to a glass plate; polymer films 0.2 mm in t
were obtained after application of the following dr
conditions:
- 24h RT:

drying for 24 hours under normal conditions to DIN5
- 24h RT, 3 min 150°C:

drying for 24 hours under normal conditions to DIN5

then additionally for 3 minutes in drying cabinet a
The polymer films thus obtained were tested for
redispersibility by pipetting one water droplet at
a homogeneous spot of the in-test polymer film unde
conditions as per DIN50014, and after being in cont
the water droplet for 60 seconds, the same spot was
with the fingertip until the film at this spot was
redispersed in water or, in the event that no redis
took place, had fragmented.
Polymer film redispersibility was evaluated against
following grading scheme:
grade 1:film is immediately redispersible by gentl

or even redisperses of its own accord,;

each
hickness

ying

0014;

0014;
t 150°C.

a time onto
r normal
act with
rubbed
either
persion

the

e rubbing,
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grade 2: film is redispersible by rubbing;

grade 3: film is only partly redispersible by vigor ous
rubbing; unredispersible fragments remain;
grade 4: film is unredispersible even by prolonged vigorous

rubbing, fragmenting instead.

Table 1: Redispersibility of polymer films from mod ified
water-soluble polymers:

Polymer RVOH Redispersibility of polymer films
content @ 24h RT 24h RT, 3 min 150°C
Ex.1 40% 1 4
Ex.2 30% 2 4
Ex.3 40% 1 3
CEx.4 20% 4 4
a) content of polyvinyl alcohol in wt%, based on dr y weight of

modified water-soluble polymer.

The testing shows that inventive polymer films drie d at room
temperature for one day are readily redispersible i n water at
room temperature, in contrast to the polymer film o f
Comparative Example 4. Yet when dried at elevated t emperature,
even the inventive polymer films were not to any si gnificant
extent redispersible despite their high content of water-

soluble polymers.

Testing of redispersion behavior of polymer filns based on
nodi fi ed wat er-sol ubl e pol yners and hardeners:

The polymer dispersions of the (comparative) exampl es were
each mixed 50 g at a time with the amounts reported in table 2
for the particular hardener, under normal condition s according
to DIN50014. The mixtures thus obtained were then e ach applied
to a glass plate; polymer films 0.2 mm in thickness were
obtained after application of the following drying conditions:
- 1wRT:

drying for 1 week under normal conditions to DIN500 14;
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- 1w RT, 3 min 150°C:

PCT/EP2014/07 0283

drying for 1 week under normal conditions to DIN500 14; then

additionally for 3 minutes in drying cabinet at 150 °C.
The polymer films thus obtained were graded for
redispersibility on the scale from 1 to 4 as per th e scheme
defined above. The test results are summarized in t able 2.
Table 2:  Redispersibility of polymer films from mod ified

water-soluble polymers and hardeners:
Redisper sibility of
Polymer Hardener polymer film
IwRT 1w RT,
3 min 150°C
Ex.1 1.2 g Jeffamine T-403 3 4
Ex.3 0.3 g Silan GF 82 b) 1-2 3-4

a) polyetheramine from Huntsman;
b) (3-glycidoxypropyltriethoxysilane) from Wacker Chemie.
Hardeners generally lead to stronger/faster crossli nking of
the modified water-soluble polymers. The test resul ts for the
polymer of Example 1 and Jeffamine T-403 show that water-
impervious polymer films are obtainable even after just room
temperature drying by additionally employing a hard ener.
Preparation of polyner dispersion (base polyner):
A polymerization vessel having a capacity of 12 lit ers was
initially charged with 2230 g of water, 2380 g of a 20%
agueous solution of a polyvinyl alcohol having a hy drolysis
level of 88 mol% and a Hoppler viscosity of 4 mPas, 10 g of
iron ammonium sulfate (1% in water) and also 1050 g of butyl
acrylate and 617 g of styrene before heating to 70° C. Then,
tert-butyl hydroperoxide (0.1% in water) and Briiggo lit (sodium
hydroxymethanesulfinate; 0.15% in water) were meter edin
continuously at a 10 g/h rate of addition in each ¢ ase.
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Starting with the onset of polymerization, apparent
increased internal temperature, the remaining monom
consisting of 1950 g of butyl acrylate and 1150 g o
was metered in continuously at an 885 g/h rate of a
over 3.5 h. Three hours after onset of the polymeri
rate of addition of the initiator was continuously

60 g/h over 1 h. The polymerization was carried on
further heat of polymerization was released. To rem
residual monomers, the polymerization was completed
of tert-butyl hydroperoxide (10% in water) and 20 g
Bruggolit (10% in water) after cooling down to 30°C
The dispersion obtained had a solids content of 53.
Brookfield viscosity (spindle 2) of 680 mPas, a pH

a Dw patrticle size diameter of 800 nm. On sieving t
sieve of 250 um mesh size, 2 g of sieve residue wer
The free residual monomer content was < 100 ppm.

Preparation of polymer powders:

Conparative Powder 1 (CPowder 1):

90 wt% of the dispersion of the base polymer was ad
10 wt% (solids/solids) of Mowiol 4/88 polyvinyl alc

a hydrolysis level of 88 Mol% and a Hoppler viscosi

4 mPas, and diluted with water to a H6ppler viscosi
250 mPas. The dispersion was spray dispensed throug
material nozzle. The atomizing component used was ¢
air at 4 bar, while the droplets formed were concur
dried with heated air at 125°C. The dry powder obta
admixed with 10 wt% of commercially available antib
agent (mixture of calcium magnesium carbonate and m
hydrosilicate).

Conpar ati ve Powder 2 (CPowder 2):
Identical to CPowder 1 except that 80 wt% of the di
the base polymer (solids/solids) was used and the d
was additionally admixed with 10 wt% of Epilox P 13
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(triglycidyl ether based on trimethylolpropane from
Harze).

Powder 3:

Identical to CPowder 1 except that the Mowiol 4/88
alcohol was replaced by the corresponding amount
(solids/solids) of the modified water-soluble polym
Example 1.

Powder 4.

Identical to CPowder 1 except that 80 wt% of the di
the base polymer (solids/solids) was used and the d
was additionally admixed with 10 wt% of Epilox P 13
(triglycidyl ether based on trimethylolpropane from
Harze).

Testing of strength of filnms from pol yner

Determination of breaking strength:

The (comparative) powders were converted 50 g at a
redispersions having a solids content of 50% by add
water. The particular redispersion was optionally a
Jeffamine T-403 hardener, in the amount reported in
Some of the particular redispersion was applied to
plate and dried for one week under normal condition
to DIN50014 to obtain a polymer film 0.2 mm in thic
The particular polymer film was then stored in wate
for three days and subsequently subjected to a DIN
tensile test. The test results are itemized in tabl

Determination of stain resistance:

Polymer films were prepared as described under the
“Determination of breaking strength”. The particula
polymer film was pipetted with coffee and/or redcur
and then stored overnight under standard conditions
23/50). Thereafter, the polymer films were washed w
water at 23°C and visually evaluated as follows:

powder s:
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+++no visible stain;

++ Dbarely visible stain;

- visible stain.

The results are summarized in table 3.

Stability of filled moldings:

PCT/EP2014/07 0283

50 g of the particular (comparative) powder were mi xed with
sand (BCS 413, average particle size 130 micrometer s)ina
weight ratio of 1:2 and blended with the hardener g uantity
reported in table 3. Water was then admixed, redisp ersing the
(comparative) powders. The molding compositions thu S obtained
were introduced into a mold (length/width/height =
10 cm/1 cm/4 mm) and dried. The moldings thus obtai ned were
stored in water at room temperature and 7 days late r evaluated
for stability as follows:
stable: the molding remained dimensionally stabl e
after water storage;
disintegrated: molding is disintegrated into fragme nts
after water storage.
The results of the testing are listed in the “Stabi lity”
column of the table which follows.
Comparative Powder 1 without added hardener gave th e worst
results (table 3). Modifying said powder with an ep oXxy
compound and an amine hardener did improve the brea king
strength of the polymer film and the stability of t he molding
material, but there was still no stain resistance ( table 3:
CPowder 2). Inventive powders 3 and 4 led to moldin g materials
having the desired breaking strength and stability, but also
to stain-resistant moldings.
Table 3: Testing of polymer films based on modified water-
soluble polymers, base polymers and optionally
hardeners:
[a] [Mpa] coffee juice




WO 2015/0 44153

36

PCT/EP2014/07 0283

CPowder 1 - 7.1 sintegrated - -
CPowder 2 3.0 9.2 Stable -
Powder 3 0.8 8.2 Stable ++ ++
Powder 4 3.0 10.5 stable +++ +++

*: Jeffamine T-403: polyetheramine from Huntsman.
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Cl ai ns:

What is claimed is:-

1. The use of modified water-soluble polymers as cr
agents, characterized in that said modified water-s
polymers are obtainable by free-radically initiated
polymerization of
a) one or more ethylenically unsaturated monomers b
one or more epoxy, amine, carboxylic acid, carboxyl
anhydride and/or silane groups, and
b) one or more ethylenically unsaturated monomers o
than said monomers a)
in the presence of 25 to 80 wt% of one or more wate
soluble polymers, based on the overall weight [
modified water-soluble polymers.

2. The use of modified water-soluble polymers as cr
agents as claimed in claim 1, characterized in that
more monomers a) are selected from the group compri
glycidyl acrylate, glycidyl methacrylate, allyl gly
ether; 2-dimethylaminoethyl methacrylate, 2-tert-
butylaminoethyl methacrylate, allyl N-(2-aminoethyl
carbamate hydrochloride, allyl N-(6-aminohexyl)carb
hydrochloride, allyl N-(3-aminopropyl)[ | acuna]
hydrochloride, allylamine or vinylpyridine; acrylic
methacrylic acid, fumaric acid and maleic acid; mon
of fumaric acid; monoesters of maleic acid and male
anhydride.

3. The use of modified water-soluble polymers as cr
agents as claimed in claim 1, characterized in that
more monomers a) are selected from the group compri
ethylenically unsaturated silicon compounds of gene

osslinking
oluble

earing

| acuna]

osslinking
one or
sing
cidyl

)_

amate

acid,
oesters
ic

osslinking
one or
sing
ral

formulaR  SiR%, (OR®) 15, whereR 'isCH ,=CR-(CH ;) 0.1 or

Cl‘b:CFéCQ(CHz) 13, R 2 is C 1-C3 aIkyI, C 1-C3 alkoxy or

halogen, R 3 is branched or unbranched, optionally
substituted alkyl of 1 to 12 carbon atoms or acyl o

f2to

12 carbon atoms, wherein R % may optionally be interrupted

by an ether group, and R 4isHorCH 3 and
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silane group-containing (meth)acrylamides of genera

PCT/EP2014/07 0283

formula CH ,=CP-CO-NR®-R’-SiR ®n-(R °) 5., wheren=0to 4, m=
0to2, R ®is either H or methyl, R ®is H or alkyl of 1 to
5 carbon atoms; R "is alkylene of 1 to 5 carbon atoms or a

bivalent organic group in which the carbon chain is

interrupted by an oxygen or nitrogen atom, R 8 is alkyl of 1
to 5 carbon atoms, R % is alkoxy of 1 to 40 carbon atoms,
which may each be substituted with further heterocy cles.

The use of modified water-soluble polymers as cr osslinking
agents as claimed in claim 1 or 2 or 3, characteriz edin
that said monomers a) are employed in an amount of 0.5to
60 wt%, based on the overall weight of the modified water-
soluble polymers.

The use of modified water-soluble polymers as cr osslinking
agents as claimed in claim 1 or 2 or 3 or 4, charac terized
in that one or more monomers b) are selected from t he
group comprising vinyl esters, (meth)acrylic esters ,
vinylaromatics, olefins, 1,3-dienes and vinyl halid es.

The use of modified water-soluble polymers as cr osslinking
agents as claimed in claim 1 or 2 or 3 or 4 or 5,
characterized in that said monomers b) are employed in an
amount of 5 to 73 wt%, based on the overall weight of the
modified water-soluble polymers.

The use of modified water-soluble polymers as cr osslinking
agents as claimed in claim 1 or2or 3 or4or5or 6,
characterized in that one or more water-soluble pol ymers
are selected from the group comprising proteins,
ligninsulfonates, formaldehydesulfonates, polysacch arides
in water-soluble form and also polymers containing one or
more units from the group comprising vinyl alcohol units,
vinylpyrrolidone units, vinyl acetal units, vinylsu Ifonic
acid units, acrylamide units and/or units of ethyle nically

unsaturated carboxylic acids and/or ethylenically
unsaturated amines or ammonium compounds.
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8. The use of modified water-soluble polymers as cr

agents as claimed in claim 1 or2or3 or4or5or

7, characterized in that one or more water-soluble
polymers are selected from the group comprising pol
alcohols; polyvinyl acetals; polyvinylpyrrolidones;
polysaccharides in water-soluble form such as starc
(amylose and amylopectin), celluloses and their
carboxymethyl, methyl, hydroxyethyl and/or hydroxyp
derivatives, dextrins and cyclodextrins; proteins s
casein or caseinate, soyprotein, gelatin;
ligninsulfonates; synthetic polymers such as poly(m
acrylic acid, copolymers of (meth)acrylates with ca
functional comonomer units, poly(meth)acrylamide,
polyvinylsulfonic acids and their water-soluble
copolymers; melamineformaldehydesulfonates,
naphthaleneformaldehydesulfonates,
cresolformaldehydesulfonates, styrene-maleic acid
copolymers and vinyl ether-maleic acid copolymers.

9. The use of modified water-soluble polymers as cr

agents as claimed in claim 1 or2or3or4or5or
or 8, characterized in that the polymerization is
initiated with one or more initiators and

initiators, based on the overall weight of all the
initiators used in the polymerization, is initially
charged before initiation of the polymerization and
remaining portion of the initiators is metered in d
the polymerization.

10. The use of modified water-soluble polymers as ¢

agents as claimed in claim 1 or2or 3 or4or5or
or 8 or 9, characterized in that at least 50 wt% of
water-soluble polymers is initially charged before
initiation of the polymerization, based on the tota
amount employed of water-soluble polymers.
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11. The use of modified water-soluble polymers as c rosslinking
agents as claimed in claim 1 or2or 3 or4or5or 6or7
or 8 or 9 or 10, characterized in that from 0 to 20 wit% of
said monomers a) and b), based on the overall amoun t of
the altogether employed amounts of monomers a) and b), is
initially charged before initiation of the polymeri zation
and the remainder of monomers a) and b) is metered in

during the polymerization.

12. The use of modified water-soluble polymers as c rosslinking
agents as claimed in claim 1 or2or3or4or5or 6or7
or 8 or9or 10 or 11, characterized in that one or more

modified water-soluble polymers are present as a

constituent of a crosslinking agent composition

additionally containing one or more components from the
group comprising base polymers, epoxy components,

hardeners and additives.

13. The use of modified water-soluble polymers as ¢ rosslinking
agents as claimed in claim 1 or2or 3 or4or5or 6or7
or 8 or 9 or 10 or 11 or 12, characterized in that the
crosslinking agents are employed in chemical produc ts used

in civil engineering, in coatings or adhesives, in
particular for woven or nonwoven textiles, paper or
fibers.



