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NOTICE OF ENTITLEMENT

We, Stockhausen GmbH & Co. KG the applicant/nominated person in respect of Application
No. 13155/95, state the following:-

The Nominated person is entitled to the grant of the patent because the Nominated person
derives title to the invention from the inventors by assignment.

The Nominated person is entitled to claim priority from the application listed in the declaration
under Article 8 of the PCT because the Nominated person made the application listed in the
declaration under Article 8 of the PCT, although the name of the applicant company was at
that time Chemische Fabrik Stockhausen GmbH. The applicant underwent a name change on
1 April, 1996.

DATED this 29th day of May, 1997.
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The present invention further relates to a process

-for their production and to their use in aqueous systems. This in-
cludes, for example, the inhibition of the negative effects of water
hardness, the dispersive action on pigments, the use in washing
liquors and dye baths, as well as the use as auxiliary agents in the
manufacture of paper and leather.

In these applications of the water-soluble polymérs it is important
to complex multivalent metal ions, to prevent hardness elements
of the water from precipitating, to disperse pigments in a high
((;:‘anentration at a low viscosity, or to suspend soil particles dur-

ing washing processes and prevent them from redepositing on the
fabric.
Claim.

1.  -Water-soluble graft copolymers of polyhydroxy compounds, their reacuon products

and/or their derivatives, with the exception of monosacchandes, disaccharides,

oligosaccharides with up to 20 saccharide units or their respective alkylhydroxyalkyl or

carboxyalkylethers, "sorbitol, mannitol, tartaric acid, gluconic acid, glucuronic acid
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alkylglycosides and a monomer mixture, which are obtainable by radical graft

copolymerization of a monomer mixture consisting of:

(a) 45 - 96%-wt. of at least one mouoethylenically unsaturated C3-C10
monocarboxylic acid and/or at least one salt of such a monocarboxylic acid with a monovalent
cation,

(b) 4 - 55%-wt. of at least one monoethylenically unsaturated, sulfonic acid-
groups-containing monomer, one monethylenically unsaturated sulfuric acid ester, and/or
vinylphosphonic acid and/or at least one salt of these acids wifh monovalent cations,

(c) 0 - 30%-wt. of at least one water-soluble, monoethylénically unsaturated
compound modified with 2-50 moles of alkylene oxide per mble, ‘ |

(d 0 -45%-wt. of at least one further water-soluble, radically p‘ol}Qmerizable
monomer,

() 0 -30%-wt. of other radically polymerizable monomers which are slightly
soluble or insoluble in water, o

with the sum of A to E amounting to 100%-wt., m the presence of polyhydroxy

compounds and/or their reaction products arid/or their derivatives and/or their mixtures, with

the content.of said polyhydroxy compounds and/or their derivatives and/or théir reaction

* products inthe . »
~ total mixture amounting to 1-60%-wt., preferably 5-40%-
wt., and most preferably 5-30%-wt.
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(54) Title: GRAFT COPOLYMERS OF UNSATURATED MONOMERS AND POLYHYDROXY COMPOUNDS PROCESS FOR
PRODUClNG THEM AND THEIR USE

(54) Bezenchnung' PFROPF-COPOLYMERISATE VON UNGESATTIGTEN MONOMEREN UND POLYHYDROXY VERBINDUN-
GEN, VERFAHREN ZU THRER HERSTELLUNG UND IHRE VERWENDUNG :

(57) Abstract

The invention relates to water-soluble, acid-group-containing graft copolymers which are at least partly biodegradable bgszs! 2n
polyhydroxy compounds and monoethylenically unsaturated carboxylic, sulphonic and/or phosphonic acids or their salts and possibiy other
monomers. The invention also relates to a process for producing said graft copolymers at temperatures of up-to 200 °C by means of radical
polymerisation. initiators, in that a total mixture of 1-60 wt % of polyhydroxy compounds, their derivatives or mixtures and 95-40 wt %
of a monomer mixture containing at least one monoethylenically unsaturated carboxylic acid, at least one monoethylenically unsaturated
sulphonic acid, a"monoethylenically unsaturated sulphonic acid ester and/or vinyl phosphonic acid or their salts with monovalent cations

_and possibly other monomers is polymerised. The invention also relates to the use of the graft copolymers in aqueous systems for bonding

polyvalent metal -ions, inhibiting water hardness, as an additive in washing and cleaning agents, as a textile auxiliary, as a dispersant,
especially for pigments, and-as an auxiliary in paper and leather production.

57 Zusamménl‘assung_

Die Erfindung betrifft wasserldsliche, “saure Gruppen enthaltende Pfropfcopolymerisate mit zumindest teilweise biologischer
‘Abbaubarkeit auf der Basis von Polyhydroxyverbmdungen und monoethylenisch ungesittigten Carbonsiuren, Sulfonsduren und/oder
Phosphonsiuren oder den Salzen dieser Siuren sowie die ggf. weiteren Monomeren. Die Erfindung betrifft femner ein Verfahren
zur Herstellung dieser Pfropfcopolymerisate bei- Temperaturen. bis 200 °C mittels radikalischer Polymerisationsinitiatoren, indem eine
Gesamtmischung aus 1 - 60 Gew. % Polyhydroxyverbindungen, deren Derivaten oder deren Mischungen und 95 - 40 Gew. %
einer Monomermischung, die wenigstens eine monoethylenisch ungesittigte Carbonsiure, wenigstens eine monoethylenisch ungesittigte
Sulfonstiure, einen monoethylemsch ungesittigten Schwefelsiureester und/oder Vinylphosphonsiure oder die Salze dieser S#uren mit
einwertigen Kationen sowie ggf. weitere Monomere enthilt, polymerisiert wird. Femer betrifft die Erfindung die Verwendung der
Pfropfcopolymerisate in w#Brigen Systemen, zur Bindung von mehrwertigen Metallionen, zur Inhlblerung der Wasserharte, als Zusatz
zu Wasch- und Reinigungsmitteln, als: Texulhllfsmxttel Dlsperglermmel insbesondere filr Pigmente sowie als Hilfsmittel bei der Papier-

! und Lederherstellung. : X}
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Graft copolymers of unsaturated monomers and
polyhydroxy compounds,
a process for their production and their use

The present invention relates to water-soluble, acid groups-con-
taining graft copolymers which are at ieast partially biodegradable
and are based on polyhydroxy compounds and monoethylenically
unsaturated carboxylic and sulfonic acids as well as optional fur-
ther monomers. The present invention further relates to a process
for their production and to their use in aqueous systems. This in-
cludes, for example, thedinhibition of the negative effects of water
hardness, the dispersive action on pigments, the use in washing
liquors and dye baths, as well as the use as auxiliary agents in the
manufacture of paper and leather.

In these applications of the water-soluble polymers it is important
to complex multivalent metal ions, to prevent hardness elements
of the water from precipitating, to disperse pigments in a high
concentration at a low viscosity, or to suspend soil particles dur-
ing washing processes and prévent them from redepositing on the
fabric.

Since ecological considerations have increasingly come to the fore
in recent years, many of the efforts to develop new polymers have
focused on their biodegradability. In particular, products whose
application and disposal is effected in aqueous systems have been
in the center of the interest. In some fields, for example, in the
papermaking industry, degradable polymers, such as starches
have therefore been used as binders more frequently; in other
fields graft polymers of reproductive raw materials, such as starch
or sugar, and of synthetic monomers have been develeped. How-
ever, for many applications there are relatively high technical re-
quirements, and the products based on renewable raw materials
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cannot meet these standards to the extent the purely synthetic
polymers used until today do. An example thereof is the use of the
polycarboxylates in mixed sizes for textile fibers; here a mixture of
starch and pol‘ycarboxylate is frequently used as a compromise
between degradability and sizing property.

Another important field of application for water-soluble polymers is
the use in detergents and cleaning agents.

In the last few years, the development on this sector has been
determined by the replacement of polyphosphate constituents
which - as is generally known - result in overfertilization of the
waters and in the problems known as "eutrophication".

In addition to the primary cleaning effect, polyphosphates have a
favorable secondary detergent behavior; they remove alkaline-
earth metal ions from the washings, textiles and dirt, prevent pre-
cipitations of insoluble alkaline-earth metal salts on the texiles,
and maintain the dirt in the washing liquor in suspended condition.
In this manner incrustations and redepositions are suppressed
even after several wash cycles. At present £siycarboxylates, such
as polyacrylic acids and acrylic acid/maleic acid copolymers, are
used as substitutes for polyphosphates. This is due to their bind-
ing capacity for alkaline-earth ions and dispersing power for lime,
which are characterized by the so-called Hampshire-test or its
modifications according to Richter-Winkler [Richter, Winkler in
Tenside Surfactants Detergents 24 (1987) 4].

In addition to said calcium-binding capacity and dispersive prop-
erty, the hydrophilic suspending capacity according to K. Schulze,
G. Schreier "Die Photometrische Bestimmung des hydrophilen
Suspendiervermdgens - ein Beitrag zur Beurteilung des Schmutz-
tragevermdégens in Waschflotten™ (Hils information, Chemische
Werke Hils AG) is of particular importance for washing processes.
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The hydrophilic suspending capacity is a standard for the soil-car-
rying capacity of detergent builders and is determined by turbidity
measurements in an iron oxide suspension. The polycarboxylates
commercially available at present have a very poor suspending
capacity which is 10 to 20 times below that of sodium tripoly-
phosphate.

The problem of eutrophication could be answered wi‘th the use of
polycarboxylates. However, biological degradation of these poly-
mers takes place to a very limited extent, the degradation rates
cited in literature amounting to between 1 and 10%. Indications to
this respect can be found in the publications of J. Lester et al.
"The partitioning of polycarboxylic acids in activated sludge",
Chemosphere, Vol. 21, Nos. 4-5, pp 443-450 (1990), H. Schu-
mann "Elimination von 14C-markierten Poiyelektrolyten in biolo-
g'ischen Abwasserreinigungsprozessen", Wasser Abwasser (1991),

PP 376-383, P. Berth "Madglichkeiten und Grenzen des Ersatzes

von Phosphaten in Waschmitteln", Angewandte Chemie (1975),
pp 115-142,

The introduction of large amounts of non-degradable compounds
in the environment is critical from the ecological point of view. A
solution of this problem offers the use of partially or completely
biodegradable polymers, i.e., those demineralizable to carbon diox-
ide and water.

Polyhydroxy compounds of the type of glycerols, polysacchandes
“and polyvinyl alcohols are perfect products with respect to their
known biodegradability, however, their application technological

properties are insufficient. For this reason, efforts have been made

to improve the properties of these polyhydroxy compounds by
modification; EP 0 427 349 A2, for example, describes the incor-

poration of carboxyl groups into polysaccharides by means of oxi-
dation, SRR ' '
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The calcium-binding capacity of the so modified polysaccharide is
improved, however, it fails to come up to the level of synthetic
polycarboxylates. On the one hand, the polysaccharide gains cal-

- cium binding capacity, on the other hand however, it loses part of

its original biodegradability. The graft copolymerization of carbo-
hydrates and unsaturated carboxy! groups-containing monomers
provides an alternative to the synthesis of at least partially de-
gradable water-soluble polymers.

EP O 324 595 A2'descripes polyacrylate-free cobuilders formed by

‘a very complicated multi-stage modification of polyhydroxy com-

pounds, for example, based on polyvinyl alcohol. The polyhydroxy
compdunds are esterified in the presence of catalysts with an ex-
cess of maleic anhydride in anhydrous organic sGivents, unreacted
chemicals are separated, and another reaction with aminocarbox-
ylic acids is carried out, and to obtain a compouhd which is puri-
fied from by-products precipitation reactions in organic solvents
are carried out again. These products do neither represent a tech-
nical nor an economical solution for mass products to be used in
detergents. This is due to the indicated, long reaction times of up
to 48 hours, the complicated producltion method and to the sus-
ceptibility to hydrolysis. In addition, the product must_not come
into direct contact with alkaline or acidic detergent components
owing' to said susceptibility to hydrolysis.

Copolymers of unsaturated carboxylic acids with monosaccharides
capable of forming enolates in alkaline solutions are known from
DE 37 14 732 C2; they are partially biodegradable and their
CaCO3-binding ability is said to be within the scope of commercial
polyacrylates. Glucose, fructose, mannose, maltose, xylose and
galactose are primarily mentioned as useful monosaccharides ca-
pable of forming enolates. The production method involves a high
technical expenditure and is complicated since the final product of
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this manufacturing process is the sediment resulting from the acid
precipitation but not the original polymer solution. Moreover, the
precipitated polymer comes up as a slimy, difficultly isolable sedi-
ment in a difficulty separable form.

Radically initiated graft copolymers of mono-, oligo- or polysac-
charides with a combination of unsaturated mono- and dicarbox-
ylic acids used as detergent additives are known from DE 40 03
172 A1; they are said to be at least partially biodegradable. In
addition, the graft polymers are attributed to have a comparable or
even superior incrustatic;n-inhibiting action in textile detergents, as
compared to that of the known saccharide-free polymers of un-
saturated mono- and dicarboxylic acids, e.g., described in EP O
025 551 B1. As is generally known to the skilled artisan, the di-
carboxylic acids specified as formulation component in DE 40 03
172 A1 are difficult to polymerize; in addition, the partial loss of
carboxyl groups caused by the escape of carbon dioxide during
polymerization is another disadvantage. Said carbon dioxide sepa-
ration is described in literature, for example, by BRAUN in Makro-
mol. Chemie 96 (1966) 100-121 and TATE in Makromol. Chemie
109 (1967) 176-193; it means that the process involves an eco-
nomic loss. In addition, the polyelectrolyte is less effective due t6
the partial loss of the carboxyl groups. Although the polymers ac-
cording to DE 40 03 172 A1 are eliminated by sewage sludges,
there are no clear indications as to their biodegradation.

Japanese patent application No. JP-A-61-31497 describes the use
of a graft polymer as biodegradable detergent component. Said
graft polymers are composed of polysaccharides of the starch,
dextrin or cellulose type and water-soluble monomers; water-
soluble monomers having carboxyl groups being preferred with
particular preference for (meth)acrylic, itaconic, maleic or fumaric
acid. Graft polymers of dex\;\rin and acrylic acid are described in

©




the application examples, and the dextrin contents amount to 67
to 34%-wt. The biodegradability was tested according to the MITI-
guidelines; it was in the range between 42 and 10%, i.e., below
the content of the natural material in the graft polymer. No indica-
tions are given with respect to the calcium-binding ability and the
resistance to hard water. Despite a very large graft polymer
quantity of 20%-wt., the cleaning efficiency of a detergent con-

‘taining said graft polymers only came up to the level of a com-

parative detergent which contained zeolite in an amount corre-
sponding to that of the graft polymer.

" EP 0 465 287 A1 describes a detergent composition which,

among others, comprises a graft polymer as builder; this is com-
posed of synthetic polydextrose and an unsaturated water-soluble
monomer. Express preference is given to the monomers '
(meth)acrylic acid alone or combined with maleic or itaconic acid.
The examples merely mention graft polymers of polydextrose and
acrylic acid; in a washing test carried out in comparison to zeolite
the incrustation reduction amounted to 46%. This is far worse
than the results obtained in washing tests with the graft polymers
according to DE 40 03 172 A1, here incrustation inhibitions of up
to 57% had been achieved.

Consequently, the graft polymers according to EP O 465 287 A1
and JP-A-6131497 have an inferior detergent effect as conipared
to the polymers according to DE 40 03 172 A1. There is no com-
parable data available to make a judgment with respect to the cal-
cium-binding capacity or the inhibition of hard water elements of
the described graft polymers. However, since both properties have
a considerable influence on the detergent action, one may assume
that the polymers according to DE 40 03 172 A1 are superior in

this respect, too. T
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Accordingly it is the object of the present inveﬁtion to produce graft copolymers with
polyhydroxy compounds by means of a éimple technical process under avoidénée of
decarboxylating monomers, said graft copolymers having an improved hydrophilic suSpending
capacity and an increased efficiency with respect to the property of complexing multivalent
metal ions. In addition they are. good inhibitors for water hardness and have dispersive

properties for substances in aqueous systems.

According to the present invention this object is achieved by a water-soluble graft copolymers

of polyhydroxy compounds, their reaction products and/or their derivatives, with the

exception of monosaccharides, disaccharides, oligosaccharides with up to 20 saccharide units, ‘

sorbitol, tartaric acid, and gluconic acid, and a monomer mixture, which are obtainable by
radical graft copolymerization of a monomer mixture consisting of:

(@) 45 - 96%-wt. of at least one monosthylenically unsaturated C3-C10
monocarboxylic acid and/or at least one salt of such a monocarboxylic acid with a monovalent
cation,

- (b) 4 - 55%-wt. of at least one monoethylenically unsaturated, sulfonic acid-

groups-containing monomer, one monethylenically unsaturated sulfuric acid ester, and/or

vinylphosphonic acid and/or at least one salt of these acids with monovalent cations,

cy 0- 30%-wt. of at least one water-soluble, monoethylenically unsaturated
compound modified with 2-50 moles of alkylene ox1de per mole,
@ O0-

monomer,

45 %-wt. of at least one further water-s oluble, radically polymerizable
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O - 30%-wt. of other radically polymerizable monomers
which are slightly soluble or insoluble in water,
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with the sum of A to E amounting to 100 %-wt.,

in the presence of polyhydroxy compounds and/or their re-
action products and/or their derivatives and/or their mix-
tures, with the content of said polyhydroxy compounds
and/or their derivatives and/or their reaction products in the
total mixture amounting to 1 - 60%-wt., preferably 5 - 40%-
wt., and most preferably 5 - 30%-wt.

According to the present invention polyhydroxy compounds are
mono-, di-, oligo-, and polymeric glycero!s or their admixtures,
partially or completely saponified polyvinyl alcohols resulting from
polyvinyl esters or polyvinyl ethers, or from vinyl ether copolymers
or vinyl ester copolymers by saponification or hydrolysis, as well
as polysaccharides of a vegetable, animal, microbial, or synthetic
origin. Examples of polysaccharides include starch, cellulose, lo-
cust bean gum, dextran, guar gum, xanthan, xylan, pectin, algi-
nate, and chitin as well as synthetic polydextrose. The use of
starch and cellulose is preferred for commercial reasons. Addi-
tionally, modified polysaccharides are preferably used because of
the improved solubility. These are polysaccharides the molecular
weight of which has been modified by thermal, mechanical, enzy-
matic, oxidative, or acid-catalytic action (reaction products), or
those transformed to derivatives by means of chemical modifica-
tion, such as esterification, etherification, hydrogenation, and re-
glycosylation. Examples thereof include white and yellow dextrins,
maltodextrins, oxidized and acidically decomposed starches, car-
boxymethyl starch, dialdehyde starch, cationic, anionic and neutral
ethers*a‘hd esters of cellulose and starch. Exceptions thereof are
sugars and sugar derivatives as well as oligomers having 1 to 6
monosaccharide units, such as those described in the unpublished
Germasr patent application No. P 42 21 381.

According to the prasent invention mixtures of the stated polyhy-
droxy compounds with mono- or oligosaccharides Sir\th/eir deriva-
tives may also. be used as polyhydroxy compounds.
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It is also possible that the polymers according to the present in-
vention comprise derivatives with polyhydroxy compounds, which
are formed from the stated polyhydroxy compounds and other
components of the monomer mixture in the course of the manu-

.. facturing process.

“ Additional derivatives of polyhydroxy compounds which may ad-

vaistageously be used include sugar acids, such as glucaric acid,
ascorbic aGjd, or other polyhydrokxy carboxylic acids, such as di-
methylhydroxyprzpionic acid, as well as esters of carboxylic acids
or hydroxycarboxylic acids, e.g., citric acid esters of polyglycerol,
sugar alcohols, sugar carboxylic acids, mono- and oligosaccha-
rides, hydrogenated and/or chemically modified mono- and oligo-
saccharides, amino sugars, triethanolamine, trishydroxyethyimela-
mine.

Additional polyhydroxy compounds which may be used include
mono- or difatty acid esters of polyhydroxy compounds, such as
glycerol, polyglycerol, of derivatives of hydrogenated sugars, an-
hydro compounds, e.g., sorbitan or anhydrosorbitol. Examples-
thereof include sorbitan monooleate, sorhitan palmitate, sorbitan:
stearate or isostearate, sorbitan laurate, sorbitan sesquioleate,
polyoxiethylene oleate, polyoxyethylene and po,'lyoxy}propylene
sorbitol, and triglycerol monolaurate and triglycerol stearate.

It is frequently advantageous to use polysaccharides exhibiting a
combined modification of molecular weight reduction and chemical
modification, or to use mixtures of different polyhydroxy com-

. pounds.

‘Suitable monoethylenically unsaturated C3 to C10 monocarboxylic

acids mentioned under A) include acrylic acid, vinylacetic acid, 3-
vinylpropionic acid, methacrylic acid, crotonic acid, dimethacrylic
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10.

acid, 2-pentenoic acid, 3-hexenoic acid, and 2-hexenonic acid,
“their alkali and/or ammonium and/or amine salts, as well as corre-
sponding mixtures. Methacrylic acid, acrylic acid and vinylacetic
acid are preferred acrylic acid and methacryhc acid are particularly
preferred.

Among the sulfonic acid-containing monomers and the mono-
ethylenically unsaturated eulfuric esters mentioned in group B) the
following ones are particularly preferred: vinyl-, allyl- and methallyl
sulfonic acid and acrylamidomethylpropane sulfonic acid, styrene
sulfonic acid as well as ;ulfuric acid esters of hydroxyethyl(meth)-
acrylate or of olefinically unsaturated alcohols, e.g., allyl- and
methallyl sulfate and/or their alkali and/or ammonium and/or amine
salts.

The monomers mentioned under C) are: polyglycol ethers and

_ polygl.ycel esters and/or esters of (meth)acrylic acid and (meth)allyl
alcohol, which may optionally be capped at one end. Examples
thereof include an allyl alcohol etherified with 10 moles of ethyl-
ene oxide and a methoxypoly(ethylene glycol)methacrylate with
20 ethylene oxide units. '

Because of their functionality the monomers mentioned under D)
have a molecular-weight-increasing property; this is achieved by a
: hugher degree of polymerization or by branching and cross-linking.
_For this reason, suitable monomers are those being readily polym-
‘erizable as well as those having two or more ethylenic double
bonds acting as bifuncrional. cross-linking agents, or monomers
having an ethylenically unsaturated double bond and another
functuonal group. Examples thereof are: acry|am|de, allyl methacry-
late and glycudyl methacrylate.

Examples of monomers according to E) include: alkyl- and/or hy-
droxyalkyl{meth)acrylic ester, mono- and riralkyl ester of maleic

/
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acid, as well as N-alkyl- and N,N-dialkyl-(meth)acrylamide and

- vinylcarboxylic acid ester, e.g., methyl-, ethyl- and butyl(meth)
acrylates, the corresponding hydroxyethyl-, -propyl-, -buty!l-(meth)

acrylates, N-methyl-, N-dimethyl-, N-tert.-butyl- and N-octadecyl
acrylamide, maleic acid mono- and diethylesters as well as vinyl
acetate and vinyl propionate, provided that the copolymers pro-
duced are water-soluble. '

- The above listing of the special polyhydroxy compounds and spe-
“ cial monomers is illustrative only and shall not be understood as
- limitative.

The polymers according to the present invention may be obtained
in solution or suspension according to polymerization methods
known per se.

Preferably, the polymerization of the monomers is carried out in
aqueous solution. The polymerization is initiated by means of po-
lymerization initiators dissociating into radicals. Redox systems
anq thermally decomposing radical formers or combirations

' the\r“-‘ggf may be used, incjuding catalyst systems which can be ini-

tiated\lfi‘y irradiation. .

Above all, peroxides are suitable initiators, hydrogen peroxide, t-
butyl hydroperoxide, peroxodisulfates and their combinations be-
ing preferred. The initiators are combined with reducing agents
known per se, e.g., sodium sulfite, hydrazine, heavy metal salts,
and others. Depending on the polymerization performance, the
initiator system may be added‘éontinuously or in portions: or with
changing pH-values. The molecular weights may be influenced in
known manner by means of regulators, such as mercaptoycom-

' pounds.

_ The graft copolymerization may be carried out under adiabatic or

isothermic conditions, the reaction being carried out such that part
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of the monomer mixture is prepared, the polymerization started
and the monomer mixture metered then. The polyhydroxy compo-
nent is added either completely to the premixed material or dosed
together with the monomer mixture, or one part thereof is pre-
péred and the other part dosed. The temperature during copolym-
erization may véry within a wide range. This range is between 0°C
and 200°C. Depending on the initiators to be employed, optimum
temperatures may be between 10°C and 150°C, preferably be-
tween 20°Cand 120°C. It is possible to carry out the polymeriza-
tion at the boiling point of the solvent at reduced or increased

pressure.

Polymerization under adiabatic conditions is preferred. In this case
the polymerization is suitably started at low temperatures, e.g. at
25°C. The final temperature reached by the liberating polymeriza-
tion heat depends on the monomers used and on the concentra-
tion ratios, and, in case of an adequate pressure, it may amount to
up to 180°C, for example.

During copolymerization the pH of the reaction mixture may vary

. within wide ranges. Advantageously, the copolymerization is con-

ducted at low pH-values, for instance such that the acrylic acid
used is not or only partially pre-neutralized and that adjustment to
neutral (pH 7-8) is effected only at the end of the polymerization,
if necessary. If polysaccharides are used, the final neutralization
may cause discolorations of the polymer. This may be prevented
by a neutralization of the acidic monomers prior to polymerization.
The copolymerization behavior of the monomers must always be
ensured by the pH adjustment.

The graft copolymers according to the present invention may be
manufactured in a continuous or discontinuous procedure.

. Production and properties of the graft copolymers according to the

present invention will be illustrated in the following examples. In

e
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particular, it will be shown that the polymers according_ to the
present invention - as compared to the prior art - have both a
superior hydrophilic suspending capacity and an increased binding
capacity for multivalent cations and, in addition, cause a consider-
able retardation of the precipita'tion of insoluble calcium and mag-
nesium salts.

The graft copolymers according to the present invention may be

- used as dispersing and complexing agents. They bind multivalent

metal ions in water-soluble complexes. They serve to inhibit water
hardness. They are au;(i!iary agent and component in detergents,
cleaning agents and washing and dye liquors, in particular they are
excellently' suitable as co-buil‘ders‘.

The graft copolymers according to the present‘invéntion have a
good biodegradability and may excellently be used in textile deter-
gents, dish washing agents, limestone and boiler scale removing

- agents, water treatment agents, and textile auxiliaries. The giaft

copolymers may be used in aqueous solution, as a powder or
granulate.

The following Table indicates the usual amounts (percentage by

~ weight) of the graft copolymers used in detergents and cleaners.

Washing-powder (textiles) 3 t0 30%

Water softener ‘ 5 to 30%
Cleaning agents (e.g. household cleaners) 1to 5%

Dish washing agents (machine) 5 to 25%

By way of example the following - merely illustrative but not limi-
tative - formulations for detergents and cleaning agents can be
given: 0

T
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Washing-powder : A B

alkyl benzene sulfonate, Na-salt 8% 6%
fatty alcohol ethoxylate 5% 5%
soap E 3% 5%
zeolite A 25% -

sodium carbonate 15% 25%
sodium metasilicate 5% 5%
magnesium silicate 1% -

sodium perborate 20% 15%
graft copolymers 5 5% 10%
sodium sulfate, water, others ad 100% ad 100%

Dish washing agents (machine)

surfactant, low-foaming 2%
sodium metasilicate 50%
sodium carbonate 5%
graft copolymers 5%
sodium sulfate ad 100%
Clear rinse

surfactant, low-foaming ’ 10%
graft copolymers 5%
isopropanol 10%
cumene sulfonate 2%
water ad 100%

Dish washing agents (manual)

paraffin sulfonate, Na-salt 20%
fatty alcohol ether sulfate, Na-salt 5%
betaine 3%
graft copolymers R : 2%
water ad 100%

~m A
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All-purpose cleaners

paraffin sulfonate, Na-salt 5%
“ fatty alcohol ethoxylate 5%
isopropanol 5%
graft copolymers 1 - 3%
water ad 100%

Toilet cleaners

fatty alcohol sulfate  _ 25%
powdery soap 5%
fatty alcohol ethoxylate 20%
graft copolymers : 3%
sodium bicarbonate 20%
fragrance oil 5% ».
sodium sulfate ad 100%

The polymers according to the present invention can advanta-
geously be used as auxiliary agents in the finishing of textiles or
textile materials. Foi example, in the boiling off or kier scouring of
cotton, where they bind the hardening substances and disperse
the accompanying substances of cotton or impurities, respectively;
redeposition thereof is prevented and the action of surfactants
supported. The polymers according to the present invention are
used as stabilizers in hydrogen peroxide bleaching and, if stabili"?.‘:
ing siljcates are-used additionally, they prevent silicate deposi-
tions.

The polymers according to the present inventibn may also be used
as auxiliary agent in continuous and discontinuous washing and
dyeing liquors, thereby the unfixed dye is removed and good fast-
nesses to washing, water and crocking.or rubbing are achieved. In
the case of polyester fibers, the dispersive action of the polymers

o e
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causes the separation of dissolving ohqnmem ~alvester compo-
nents which disturb the dyeing procoss s -

In the case of cellulose dyeing, the pblyme'fs : ' 563'19 to the
present invention promote the solubility of ra‘“: < . and direct
dyestuffs and result in an improved levelness of tne dyestuff on
the fibers, in particular when large amounts of saits are present in
the liquor. In vat dyeing they can advantageously b used as dye-
stuff pasting agent or as dispersant in the pigmentation bath. In
sulfur dyeing they support the dyestuff dispersion and pirevent
bronzing.

In the dyeing of synthetic fibers the polymers according to tihe
present invention prevent the formation of agglomerates of dis-
perse dyestuffs, thus avoiding deposits in the cones.

When vat dyes and prints are washed-off, the polymers according
to the present invention bind unfixed dyestuff components, and
redeposition is reduced to a considerable extent. Due to the in-
creased dyestuff diffusion to the washing liquor, the polymers
provide for an optimum removal of unfixed dyes with a saving ir
water and energy. '

_For this reason, the products according to the present invention

represent an effective substitute for polyphosphates in the after-
treatment of naphthol dyeings; when reactive prints are washed-

off, calcium alginate is prevented from precipitating.

The dispersing and complexing action of the polymers according
to the present invention takes effect without remobilizing heavy
metal cempounds, both from dyestuff chromophores (reactive and
metal compiex dyes) and from water-insoluble, naturally or indus-
trially resulting deposits.
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The quantities required can be reduced in practice by an amount
that is about three to five times less than that necessary when
using conventional auxiliary agents, such as polyacrylates.

The polymers according to the present invention may be used in
combination with surfactants, in particular anionic surfactants, in
non-neutralized form (as acidic adjustment) in comuination with
complexing organic acids, such as citric acid, lactic acid, gluconic
acid and phosphonic acids and surfactants, in particular anionic
surfactants.

~

Such combinations are advantageously used, for instance, instead
of the conventional multi-stage pretreatment which is effected in
separate baths, for example, to treat highly-loaded cottcn or lin-
ters, including the steps of acid extraction, chlorite bleach, boiling
and H,0,-bleach; this is effected in such a manner that the pre-
treatment is carried out in only one adjustable treatment bath with
the addition of the polymers according to the present invention. - -

This method according to the present invention can also be ap-
plied to continuous processes. Said methods prevent the formation
of undesired organic halogen compounds and the respective en-
vironmental impacts. ‘

The polymers are suitabli additives to desize fiber sizes which are
sensitive to hardness of Water, e.g. polyester sizes.

In the leather manufacture the polymers according to the present
invention result in an mcr/easeo\\chromlum up-take through the
leather during the chromD tanmr.q, and in retanning they con-
tribute to properues wnth respect to fullness and softness of the

\‘tx_ //

leather. S i

S/

)

"F““M‘Hm—«cz-»&ftt—--,«g._q_—..A v

e S SR E P A bEAANE

g

R S




18

Because of their dispersing and heavy-metal-complexing but not
remobilizing properties the polymers according to the present in-
vention can advantageously also be used as auxiliary agent in pa-
permaking, for instance, in the bleachirig of cellulose and other
fibrous materials, in the production of dispersions of pigments and
fillers, such as kaolin, calcium carbonate, satin white, talcum, ti-
tanium dioxide, aluminum h.ydroxide, and barizxm sulfate, as well
as in the production of coating colors. Thereby filler and pigment
slurries as well as coating colors having a high solids content and
a high storage stability are obtained.

The polymers accordingqto the present invention may be used in
combination with other auxiliary agents.

Owing to the fact that the polymers according to the present
invention have a high efficiency which results in low dosages and
a good biodegradability, the products have a high ecological
acceptance. '

The polymerization reactions carried out in the following examples
and comparative examples were conducted in a 2-liter-reaction

~ flask equipped with stirrer, reflux condenser, thermometer, and

metering devices for liquid and gaseous substances.

Example 1

In the polymerization reactor the‘:foiiowing components are mixed. .

and then cooled to 15°C: 248.9 g acrylic acid, 133.2. g dist. wa-
ter, 64.0 g 50% sodium.hydroxide solution, 64.5 g sodium meth-
allyl suifonate, 201.8 g of a 25% aqueous solution of MOWIOL 5-
88 (polyvinyl alcohol of ‘HOECHST), and 107.6 g of a 60% aque-
ous solution of methoxy polyethylsne glycol methacrylate (20
mole.EO). Polymerization is started by adding\\20 mg iron(ll)-sul-

fate, dissolved in 17.8 g dist. water, 4.0 g so&\i\um disulfite, and

; S
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" 5 g tert.-butyl hydrope'roxide (70%),_dissolved in 17.8 g dist. wa-
ter. Within 2 minutes, the temperature rises to 65°C. The tem-
perature is then increased to 75°C by means of a heating bath
‘and the dgéage of a second initiator system consisting of the

components 17 g t-butyl hydroperoxide (70%), dissolved in 66.7 g

dist. water, and 10 g sodium disulfite, dissolved in 66.7 g dist.
water, is started over a period of 1.5 hours. When the dosage is
completed, stirring is continued for another 30 minutes, followed
by cooling and neutralization with 163.6 g 50% sodium hydroxide
solution. The polymer has a dry substance of 43.1% and a turbid
appearanc.é; in this condition the turbidity is stable and disappears
on dilution. The residual content of acrylic acid amounts to 20
bpm, that of methallyl sulfonate to 0.2%, the average molecular
wéight amounts to Mw = 29128.

Example 2

212.1 g acrylic acid, 200.0 g dist. water, 75.0 g sodium methallyl
“sulfonate, 54.5 g 50% sodium hydroxide solution, and 150.0 g
triglycerol are placed into the polymerization reactor; at a tempera-
ture of 24°C 5.9 g mercaptoethanol, 26 mg iron(ll)-sulfate, dis-
solved in 10 g dist. water, and 4 g hydrogen peroxide (35%), dis-
solved in 10 g dist. water, are added. Polymerization starts spon-
taneously, reaches 101°C after 4 minutes and drops again. At a
tempera_turé starting from 75°C, a second initiator system consist-
ing of 10.7 g sodium persulfate, dissolved in 50 g dist. water, and
10.7 g sodium disulfite, dissolved in 50 g water, is metered
= thereto over a period of 1.5 hours. At the end of the dosége, stir-
ring is continued for 30 minutes, followed'by cooling and neutrali-
zation with 139.4 g 50% sodium. hydroxide sclution. The color-
less, clear final product has a pH-v'alue' of 5.8 and a dry substance
c;o'r'\tents of 562.8%, the residual content of acrylic acid amounts to-
_ TSppm, the average molecular weight amounts to Mw = 5907.

e
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Example 2 is repeated, except for the initiators. The polymerization
start is initiated by 20 mg iron(ll)-sulfate, dissolved in 10 g dist.
water, 3 g sodium disulfite, and 4 g t-butyl hydroperoxide (30%),
dissolved in 10 g dist. water, with the temperature rising from
20°C to 98°C. The second initiation which is to be conducted as
in Examplé 1 consists of 12 g t-butyl hydroperoxide (70%), dis-
solved in 50 g dist. water, and 9 g sodium disulfite, dissolved in
50 g dist. wvater. . ‘

The final préduct is a clear, colorless solution having a dry sub-
stance contents of 51.4% and a residual content of acrylic acid of
10 ppm, the average molecular weight amounts to Mw = 11480.

Example 4

o ‘Exarpple 1"is‘ repeated with the exreption that the polyvinyl alco-

hol. solution is replaced by 50.4 g triglycerol and that the water

~amount is increased to 284.6 g.

The clear, colorless final product has a content of solids of 43.2%,

- aresidual content of acrylic acid of <10 ppm and of me‘thal‘lyl o

sulfonate of 0.16%. The average molecular weight amounts to

Mw = 23540. ‘ ‘ | .

Example 5

Modifying Example 4, the‘amoun:t‘/rof triglycérol is increased to

194.6 g and the initiation is effected as follows: start of polymeri-
zation with 10 g mercaptogthanol, 30 mig iron(ll)-sulfate, and 6 g
sodium distifite, dissolved in 17.8 g dist. water, and 8 g t-buty! o
hydrop‘eroxide (70‘%), 'dis$ol‘ved in 17.8 g dist. water. The second
initiatiovn to be conducted as in Example 1 is effected with 14 g

L 4
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sodium persulfate, dissolved in 66 g dist. water, and 10 g sodium
disulfite, in 66 g dist. water.

“The clear, colorless final product has a content of solids of 50. 3%,

a residual content of acrylic acid of 10 ppm and of methallyl sul-
fonate of 0.3%. The average molecular welght amounts to Mw =

'3470.

Example 6

,Modlfylng Example 3, the tnglycerol is replaced by 150.8 g of the

starch dextrin maltodextrin MD 20 (from AVEBE), and the initiation

- of the polymerization start is effected after addition of 10 g mer-
. captoethanol with 20 mg iron(ll)-sulfate and 3 g sodium disulfite,

dissolved in 10 g dist. water, and 4 g t-butyl hydroperoxide
(70%), dissolved in 10 g dist. water. In the initiation to be carried
out as in Example 110 g sodium persulfate and 10g sodlum di-
sulfite, each dissolved in 50 g dist. water, are used.

The final product is a clear solution having a dry substance con-
tents of 54.7% and a residuai content of acrylic iacid of < 20
ppm 'l he average molecular weight amounts to Mw = 2996.

\‘

L
Examp(lef_?'
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© 212.1 g acrylic acid, 284 g dist. water, 54.5 g 50% sodium hy-

dr’ox'ide solutiori, 194.6 g maltodextrin MD 20 (starch dextrin from

_AVEBE),' and 75 g sodium methallyl sulfonate are dissolved with

one another;- et 16°C 20 mg iron{li)-sulfate and 4 g sodium disul-
fite, dissolved in 17.8 g dist. water, and 5 g t-butyl! hydroperoxnde

_(70%) dissolved in 17§ q dust water, are added. Within 4 min-

utes, the temperature ris: as :.O 70°C, over a period of 1.5 hours

'dosage of the second initiation is started, it consists of the solu-

tions of 14 g sodium persulfate and 10 g sodium disulfite, each in

- 66 g dist. water. Afterwards stlrnng!,.ucontmued for 30 minutes

e
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and neutralization with sodium hydroxide solution effected after
cooling. The slightly turbid polymer has a dry substance contents
of 49.9%, a residual content of acrylic acid of < 20 ppm and of
methéllyl sulfonate of 0.18%. The average molecular weight
amounts to Mw = 26225.

Example 8

Example 3 is repeated with the modification that 2 g allylglycidy!

ether is additionally used in the formulation and that 12 g sodium
persulfate and 10 g sodibm disulfite, each dissolved in 50 g dist.
water, are Lséd in the second initiation stage to the carried out as
in Example 1.

The colorless, clear polymer has a dry substance contents of
52.8% and a residual content of acrylic acid of <20 ppm; the av-
erage molecular weight amounts to Mw = 14872,

Comparative Exampie 1
(according to DE 37 14 732 C2, Example 2)

“ 108 g acrylic acid is neutralized with 300 g 20% sodium hydrox-

ide solution. 91 g glucose is dissolved in 100 g water and mixed
with 49 g 35% H202-solution: 100 g water is heated to 85°C in
the reaction vessel, and the acrylic acid and glucose solution is
run in within 90 'minutes, the pH is kept at 9.0. 10 minutes after
termination of-the dosage, the temperature in the reaction vessel
suddenly rises to 103°C and the polymer discolors into yelldw.
Cooling is performed subseguently. The polymer solution has a
solids content of 30.6% and a viscusity of 220 mPa.s. By adding
hydfochlii‘r;ic acid, thie polymer can be B}écipifated in the form of a
slimy precipitate which is difficult to separate.

<
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Comparat_ivé Example 2
(according to DE 40 03 172 A1, Example 21)

243 g water, 160 1 saccharose, 47.9 g maleic anhydride, 0.57 g
phosphoric acid, and 2 g sodium hydrogensulfite are placed in the
reaction vessel and stirred for 1 hour at 80°C in a nitrogen
stream. Subsequentiy, 70.5 g 50% sodium hydroxide solution is
slowly added thereto, and a solution of 133.6 g acrylic acid in
141.9 g water is metered over a period of 5 hours at 80°C, and
solutions of 8.1 g 35% hydrogen peroxide in 37.6 g water and
2.85 g sodium sulfate in 40 g water are evenly added within a pe-
riod of 6 hours. Then the batch is subjected to a final heat treat-
ment for 2 hours. The polymer solution has a solids content of
37.7% and a viscosity of 1565 mPa.s.

Comparative Example 3 )

(according to DE 40 03 172 A1, Example 25)

290 g maltodextrin MD 14 (dextrose-equivalent-value 14, from
Avebe), 470 g water, 4.2 ml 0.1% aqueous solution of iron(ll)-
ammonium sulfate, 101.4 g maleic anhydride, and 74.5 g sodium
hydroxide are placed into the reaction vessel and heated to the
toil. When the boiling starts, a mixture of 120 g acrylic acid and
132.7 g of a 50% aqueous solution of the sodium salt of acryl-

{x amidomethylpropane sulfonic acid is dosed within a period of 5

/|

YA

hours, and 80 g 30% hydrogen peroxide and a soluticn of 24 g
sodium persulfate in 72 g water is dosed within 6 hours, keeping
the temperature at the boil of the mixture. After the end of the last
initiator dosage, a final heat treatment is carried out for 1 hour.
Then neutraiization is effected with 155 g 50% sodium hydroxide
solution. A‘cloudy, brown solution is obtained which has a solids
content of 45.2% and a viscosity of 560 mPa.s. Within a peribd of

14 days, a precipitate has deposited from the turbid solution.
. }77\
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Example 9 - Determination of the resistance to hard water

A certain amount of a 10% solution of graft copolymer is added to
a test water having 33.6°dH [= German water hardness] (pure
calcium hardness), boiled on a heating plate for 5 minutes and
subsequently judged with respect to clarity, opalescence and tur-
bidity. By varying the amount of graft copolymer, the concentra-
tion of gram of product (solids content) per liter of hard water is
determined, i.e., the concentration at which after previous turbid-
ity/opalescence a clear solution results for the first time.

The results shown in Table 1 clearly demonstrate that the poly-
mers according to the present invention can provide an effective
and improved inhibition of boiler scale or similar deposits or pre-
cipitations of components of the hard water.

Table 1
Product Hard water resistance
Example clear at (g solids/l)
18T 0.5
2 2.5
3 2.5
4 0.5
5 0.5
7 b 0.5
8 s ) 2.0
Comparative Ex. 1~ > 3.0
Comparative Ex. 2 3.0

Example 10 - Determination of the calcium-binding-capability -

The capacity of binding calcium is determined according to the so-
called Hampshire-test, wherein the polymer is titrated with a cal-
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cium acetate solution in the presence of carbonate ions. The final
value of titration is expressed in mg CaCO3/g polymer.

Procedure: 1 g complexing agent (polymer according to the inven-
tion or comparative product) is dissolved in 50 ml dist. water,
neutralized with sodium hydroxide solution, and 10 ml 2% sodium
carbonate solution is added thereto; 100 ml are filled up and the
pH is adjusted to 11.0. Titration is carried out with 0.25 ml cal-
cium acetate solution until a sustained and distinct turbidity/pre-
cipitation occurs. The stage prior to turbidity is recognized by a
slight opalescence, the transition is either narrow or broad depend-
ing on the complexing agent. The complexing power of some of

~ the polymers according to the present invention is such high that,
apart from an opalescence, no turbidity occurs.

Table 2
Product Calcium-binding-capacity
Example No. according to Hampshire
(mg CaCO3/g polymer)
1 1600
-3 1184
5 >1600
6 1374
7 ' >1600
polyacrylic acid e 710
maleic acid/acrylic z’_(&id . 625
copolymér (30/70%-wt.) _
~ Comparative Ex. 1 299

Comparative Ex. 2 697

> * The polymers according to the present invention exh‘;ib‘tﬁit vefy high

o

values for the calcium binding power. If maleic anhydrider e
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(Comparative Examples 2 and 4) is additionally used, or in the ab-
sence of sulfonic-acid-groups-containing monomers (Comparative
Example 1), polymers with a diminished calcium binding capacity
are obtained.

Example 11 - Determination of the hydrophilic suspendihg capacity

The soil-carrying capacity of builders can be characterized by de-
termining the hydrophilic suspending capacity. In this connection,
the measure of the soil-carrying capacity is the suspending capac-
ity towards pulverized iron oxide. The determinaticn of the sus-
pending power is effected by photometric turbidity measurement
of a suspension consisting of the test substance, an iron oxide
pigment, and the surfactant MARLON A (alkylbenzene sulfonate).
In a shaking cylinder, the iron axide is thoroughly shaken in an

_aqueous solution of the test substance under the addition of MAR-
. LON A, after 24 hours the intensity of the still existing turbidity is

~ determined photometrically. The extinction Eq50 at 450 nmin a 1-
- cm-cuvette is measured. '

The established extinction values represent the measure for the
hydrophilic suspending capacity. Products having a high suspend-
ing activity stabilize the pigments in the aqueous phase and have
high extinction values. o | -
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Table 3
Polymer according to " Extinction
Example E450
2 150
3 60
5 160
6 o 170
sodium tripolyphosphate 140
commercial product* of 6

maleic acid/acrylic acid ~
(30/70%-wt.) _
* Sokolan CP5 (BASF AG)

Example 12 - Incrustation behavior in a washing test -

In a domestic washing machine cotton fabric was washed with a
detergent powder fou_'mulatio_n comprising 10%-wt. of polymer dry

. substance as builder. After 12 washings at 90°C with water of

13°_dH, the residual ash content of the fabric was determined. A

“commercial product of maleic acid/acrylic acid (30/70%-wt.) was

used as comparative polymer. The inhibition of redeposition was
determined in a Linitest-laboratory washing machine.

Composition of the detergent powader:

alkylbenzene sulfonate 6%
fatty alcohol ethoxylate 5%
powdery soap - 5%
sodium carbonate : : 25%
sodium bicarbonate | 25%
sodium perborate ' 15%

~ polymer (100% solid matter) ’ 10%
sodium sulfate ad  100%
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Table 4

\,
Polyn‘iér' % Residual Ash % Brightening
Example 3 0.68 79
Example 5 0.64 -
Commercial product 0.85 76

Example 13 - Washing of dyed material

The use of the polymers according to the present invention is ex-
emplified by means of a discontinuous washing of a cotton fabric
which had been subjected to reactive dyeing.

.~ At first, the dyeing liquor is drained off followed by

1. rinsing with overflow at 60°C for 10 min.
2. rinsing in fresh bath at 90°C for 10 min.
3. allowing to stand with 1 g/l polymer acc. to Example 5 at

90-95°C for 10 min.
rinsing at 45°C for 15 min.

The cotton fabric has an intensive color, shows no bleeding and
exhibits a good wash fastness.

The above-mentioned periods, temperatures and sequences are
intended to be illustrative. The polymiers according to the present
invention can also be used under other washing conditions.

Example 14 - Behavior of the dispersing agents in highly
alkaline liquor )

Test solutions (500 ml liquor) of water with 24°dH, 10 g/l NaOH
and the polymer according to the present invention are heated to
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boiling temperature, maintained at this temperature for 15 minutes
+! and cooled. The liquor loss ic-compensated by the addition of
water (20°dH). ‘

Table 6 indicates the appearance of the solutions in dependence
~ on the amount used and in comparison with commercial products
I, Il and Ill: '

I: Sequion MC 200, alkyl phosphonate, commerical product of
Bozzetto, Italy S o

II: Varsaquest DC-N, polyacrylate, commerical product of
DeJdngé, Belgium

ill: LAVORAL S 313, sodium salt of a polyacrylic acid, commerical
product of Che. Fabrik Stockhausen GmbH, Krefeld, Germany

Tab/le-s

Amount used 0.5 g/l 1 g/l 2 g/l 3 g/l
Product

product | flocculate flocculate flocculate clear
product Il flocculate flocculate opal-clear clear
product Il opal-cloudy | clear clear clear
polymer acc. o _7
to Ex. 5 opal-cloudy | clear - clear clear

-Clear solutions are obtained, if quantities sta}ting from:
- 3 g/l with |

2 g/l with 1l

1 g/l with iy ' oy L “
lﬁ S Co1g)h polymer g\bcording to Example 5 ": w
are used.
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Example 15
Raw cotton ropes are boiled off with 5 ml acetic acid at a liquor

ratio of 1 : 10 for 30 minutes. Subsequently, 200 ml of the liquor
is cooled to 60°C and each of the following is added:

- AMENDED SHEET
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0.5 g/, 1.0 g/l and 2 g/l of polymer according to Exampie 5
0.05 g/l indanthrene blue BC Coll

20.0 mi/t Nau. 50%, and

5.0 g/l hydrosulfite, conc.

After a residence time of 15 minutes (at 60°C), the liquor was
sucked off by a "Blauband-Filter" [blue-band-filter].

The polymers show a good dispersive action; in the concentrations
used they prevent precipitation of flocculates.

~

Example 16

At a liquor ratio of 1 : 20 and a temperature of 70° to 80°C
black-dyed PES-flake was treated with a liquor of 1 g/l polymer
according; to Example 5 and 1 g/| SOLOPOL DP (fatty amine
ethoxylate, trade name of Chemische Fabrik Stockhausen GmbH,
Krefeld) for 20 minutes; it was then subjected to hot and cold
rinsing. Oligomers, color and fiber dust was removed from the fi-
bers,

Example 17

Bleaching of 100% cotton linter having a degree of whiteness of
29.5 (acéprding to Elrepho) was conducted in a bath having a lig-
uor ratio of 1 : 20 each, comprising the following treatment steps:

Step 1 Treatment with a liquor of
1 ml/l HCI, conc. (37%)
2 ml/l of a combination comprising: = =+
42.0 parts of the polymer according to the
p,reseﬁt invention of Example 5 in acidic
final adjustment

’ .
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10.0 parts of lactic acid

25.0 parts of gluconic acid

4.0 parts of phosphonic acid

14.0 parts of a C12-C18 fatty alcohol
polyglycol ether sulfate ard

5 parts of a foam-suppreSsing EO-PO-
block polymer

was effected at 25°C within 30 minutes.

Step 2

Step 3

A)

Treatment with a liquor of

10 ml/I NaOH, 50%

2 g/l Lavoral S313 (commercial product
of Chemische Fabrik Stockhausen GmbH)
45 minutes at 95°C A

B) Treatment with a liquor of

C)

Treatment with a liquor of

10 ml/l NaQH, 50%
2 g/l of the combination acc. to step 1
45 minutes at 95°C

Treatment with a liquor of .

10 ml/I NaOH, 50%

2 g/l of the polymer acc. to the invention of
Example 5

was carried out within 45 minutes at 85°C

0

3 ml/l of the combination acc. to step 1
8 ml/l hydrogen peroxide, 35%
was effected within 45 minutes at 95%C
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»/ fate, 4 g sodium disulfite, and 5 g t-butyl hydroperoxide (70%),
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The hydrogen peroxide has previously been diluted in
a solution of the combination acc. to step 1 and a
partial amount of water and added slowly in hot con-
dition.

The liquor is drained off and the material is hot-rinsed at 80°C un-
der the addition of 2 ml/! polymer according to Example 5.

The degree of whiteness of several samples amounted to between
69 and 70%.

~

Example 18

At.a temperature of 10°C, 20 mg iron(ll)-sulfate and 4 g sodium
disulfite and 5 g t-butyl hydroperoxide (70%), each dissolved in
17.8 g water, are added to a mixture of 334.6 g dist. water,
248.9 g acrylic acid, 50.4 g tartaric acid, 64.5 g sodium methallyl
sUIfonate, and 107.6 g methoxy polyethylene glycol methacrylate
(20 moles EO) (60% solution in water). The temperature rises to
53°C due to the starting polymerization reaction. The temperature
is elevated to 70°C by means of a heating bath, whereupon two
solutions of 14 g sodium persulfate and 10 g sodium disulfite in
50 g water each,are added dropwise over a period of 1 hour. At
the end,the polymer is neutralized with 50% sodium hydroxide
solution. The clear polymer solution has a dry substance contents
of 42.2% and a viscosity of 720 mPas.

Example 19
Modifying Example 4, 56.1 g sodium gluconate were used instead <\

of triglycerol, ‘and the water amount is increased to 334.6 g. The
polymerization was initiated at 15°C by adding 20 mg iron(ll)-sul-
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each dissolved in 17.8 g dist. water. On reaching 62°C, the tem-
perature was elevated to 73°C by means of a heating bath, and

' the dosage of 17 g t-butyl hydroperoxide (70%) and 10 g sodium

disulfite, each dissolved in 50 g water, was started over a period
of 1 hour. After termination of the polymerization, neutralization
was effected with 50% sodium hydroxide solution. The final prod-
uct is a clear solution having 42.8% dry substance, and the resis-
tance to hard water amounts to 0.5 g solids/I.

Example 20 .
Modifying Example 19, 50 g of a citric acid ester of polyglycerol

was used instead of 56.1 g sodium gluconate. The citric acid ester
had been prepared by direct condensation of 0.3 mole of poly-

glycerol with 1.5 moles of citric acid (according to PCT/EP92/

00512, page 12, Ex. 1), with the resulting condensation water
being removed by azeotropic distillation.

Example 21

Modifiying Example 4, the triglycerol was replaced by glycerol.
Initiation of the polymerization was effected after the addition of
10 g mercaptoethanol and 30 mg iron(ll)-sulfate at 15°C by
means of 8 g t-butyl hydroperoxide (70%) and 6 g sodium disul-
fite, each dissolved in 17.8 g water. After a temperature increase
to 10C°C, the mixture is allowed to cool to 78°C and then two
solutions of 17 g t-butyl hydroperoxide (70%) and 10 g sodium
disulfite, each dissolved in 66 g water, are added within 1 hour.
After cooling, neutralization was effected with 50% sodium hy-
droxide solution. The final product is a clear solution having
44.1% dry substance and a resistance to hard water of 0.5 g
solids/I. “
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Example 22

Modifying Example 21, the weight amount of sodium methallyl
sulfonate was repiaced by acrylamidopropane sulfonic acid and
the amount of mercaptoethanol reduced to 2 g. Initiation of the
polymerization was effected with 20 mg iron(ll)-sulfate, 4 g so-
dium disulfite, and 5 g t-butyl hydroperoxide (70%).

The final product was a clear solution having 42.5% dry sub-
stance and a resistance to hard water of 0.5 g solids/I.

Example 23

180 g dist. water, 124.4 g acrylic acid, 32 g 50% sodium hydrox-
ide solution, 303.5 g 41% azrylamide solution, 64.5 g sodium
methallyl sulfonate, 46.2 g glycerol, and 107.5 g of a 60% solu-
tion of methoxypolyethylene glycol methacryiate (20 moles .~ ™
are dissolved with one another, and then are added 20 mg iron(ll}-
sulfate and 4 g sodium disulfite, dissolved in 17.8 g water, and 6
g t-butyl hydroperoxide (70%), dissolved in 17.8 g water. The
temperature rises from 15°C to 100°C and drops again. Starting
at a temperature of 756°C,17. g t-butyl hydroperoxide (70%) and
10 g sodium disulfite, each dissolved in 50 g water, are meterer}
thereto over 1 hour. After the end of polymerization, neutralization
is effected with sodium hydroxide solution. The polymer has a dry
substance of 42.1 %, a viscosity of 280 mPas, and a resistance to
. hard water of 0.5 g solids/I.

Example 24

250.2 g acrylic acid, 64.3 g sodidm hydroxide solution (50%),
88.5 g sodium-methallyl sulfonate, and 176.9 g glycerol are dis-
solved in 281 g dist. water, then 6.95 g mercaptoethanol, 0.0312
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iron(ll)-sulfate are addea. A temperature of 18°C is adjusted and
the polymerization started by adding 4.72 g hydrogen peroxide
(35%). After 10 minutes, the temperature maximum of 96°C is
reached; the mixture is allowed to cool to 75°C, and at this tem-
perature the dosage of two solutions of 12.6 g sodium b:ersulfate,,
in 59 g water, and 2.5 g sodium disulfate, in 59 g water, is ef-
fected. Cooling and neutralization with 163.3 g sodium hydroxide
solution (60%) is effected at the end. The polymer has a bright
color, a dry substance contenis of 46.2%, a pH-value of 5.7, and
a viscosity of 240 mPas, '

Example 25

A polymer of 50%-wt. sodium acrylate, 15%-wt. sodium methallyl
sulfonate, 5%-wt. methoxy polyethylene glycol methacrylate, and
30%-wt. glycerol was produced. The colorless, clear, agueous
polymer sclution had a dry substance contents of 45.8%, a vis-
cosity of 133 mPas, and a pH-value of 5.5.

. -, Example 26
/- | -
/// A polymef of 76.1%-wt. acrylic acid, 15.7%-wt. sodium methallyl
"~ - -~gulfonate, and 8.2%-wt. glycerol was built up. The aqueous,
colorless and bright polymer soiution had a pH-value of 5.5, a dry
substance contents of 42.8%, and a viscosity of 117 mfas.

Example 27 - Peroxide stabilization in bleaching liquors

0

The stabilizing action of sequestering égents towards the liquor is
to be tested in this experiment. Quantities of finerals correspona-
N ing to an éverage cotton and a sequestrant and a complexing
X agent, respectively, are added to the liquor. The bleaching liquor
was prepared iri soft water with the following additives:
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1.0 g/l wetting agent {mixture of isotridecyl alcohol
ethoxylate and alkane sulfonate)

0.2 g/l magnesium chloride
. 7.0/ stabilizer
4.0 ml/l sodium hydroxide solution (50%)

8.0 ml/l. - hydrogen peroxide (35%)

The residual peroxide content is determined permanganometrically

after certain periods/temperatures which are listed in the following
Table. Batches with stabilizers of the polymer of Example 1 ac-
cording to the present invention, with water glass (as state of the
art), and a blank without stabilizers are compared. The good per-
oxide-stabilizing property of the polymer according to the present

~ invention can be recognized:

Time Temperature - Residual peroxide content
(min.)  (°C) | of the liquor (%)
Sodium water glass  Ex.1 blank

0 20 100 100 100
20 70 48.8 80.3 59.1
40 98" 3.0 13.2 7.1
55 98 0.8 ‘ 1.8 0.8
70 98 0.5 1.0 0.0

Example 28 - Chromium exhaustion in leather production

In chrome tanning chromium salts are fixed on the leather in the

presence. of polymers. The success of the chrome tanning is con-
_'firmed by a high chromium-uptake through theleather and a.high
shrinking temperature of the leather. The chromium uptake of the
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leather is determined indirectly by the chromium salt remaining in

the liquor and is referred to as exhaustion. Shrinking temperature

means the temperature at which the leather starts to shrink. The
following Table shows the chromium contents of the tanning lig-
uor, the exhaustion calculated on this basis, and the shrinking
temperature. A commercial acrylic acid/DIMAPA copolymer serves
as compari’son:

Polymer Chromium content Exhaustion Shrinking temp.
" of liquor (g Cr203/1) (%) (°C)
after 3h end of test

Comm.

product 2.28 0.81 64.5 95
Ex. 24 3.19 0.61 80.9 95
Ex. 2 2.84 061 78.5 94
Ex. 26 2.77 0.40 85.4 94

By means of the polymers according to the present invention, a
very high portion of chromium salt in the liquor is fixed in the
leather, the chromium exhaustion must be considered as very

- good.

Example 29 - Retanning of leather

Leather properties, such as softness, grain tightness, levelness are
influenced by the retannage. The following Table shows the re-
sults of a retanning test with polymers according to the present
invention and with the commercial product of Example 28 used as
comparison. Cattle hides (wet blue, 1.8-1.0 shaved substance)
were used. ;\l’he assessment of the test results is.in the range of 1
to 5, with 1 representing the best value.

\ :
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Polymer _Softness __Grain tightness __Levelness i
Commerc. prod. 3-4 2 3 _ ,
Example 26 3-4 2 3 i
Example 2 4 2 3-4 3
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. THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: : - R

1. Water-solublé graft copolymers of polyhydroxy compounds, their reaction products -

and/or their derivatives, with ‘the exception of monosaccharides, disaccharides,
- 5 oligosaccharides with up to 20 saccharide units or their respective alkylhydroxyalkyl or
carboxyalkylethers, sorbitol, mannitol, tartaric acid, gluconic acid, glucuronic acid
alkylglycosides and a monomer mixture, which are obtainable by radical graft

s, : copolymerization of a monomer mixture consisting of:
(a) 45 - 96%-wt. of at least one monoethylenically unsaturated C3-C10
10 monocarboxylic acid and/or at least one salt of such a monocarboxylic acid with a monovalent

cation,

~
3
©

| (b) 4 - 55%-wt. of at least one monoethylenically unsaturated, sulfonic acid-
groups-contnining monomer, one monethylenically unsaturated sulfuric acid ester, and/or
et vinylphosphonic acid and/or at least one salt of these acids with monovalent cations,
:::-.., 15 (c) 0 - 30%-wt. of at least one water-soluble, monoethylemcally unsaturated
: compound modlﬁed with 2-50 moles of alkylenc oxide per mole,
ot 7_ : ' v‘(d) 0 - 45%-wt. of at least one further water«solublc, radlcally polymerxzable
seenal : .m'onomer, o
@€ 0-30 %-wt._"of other radically polymerizable monomers which afe slightly
20 soluble or insoluble in water, |
with the sum of A to E amounting to 100%-wt.,' in thc presence of polyhydroxy
: compounds and/or their reaction products and/or their de'rivatives -and/or theif mixtures, with
the content. of said polyhydroxy compounds and/or thexr denvanves and/or thelr reacuon
7 ~ products in the;y 7 SR -
25
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total mixture amour.ting to 1-60%-wt., preferably 5-40%-
wt., and most preferadly 5-30%-wit.

2. Graft copolymers according to claim 1 characterized in that
they comprise polysaccharides as polyhydroxy compounds, pref-
erably starch, starch decomposition products and starch deriva-
tives, cellulose, cellulose decomposition products and/or cellulose
derivatives.

3. Graft copolymers according to claim 1 characterized in that
they comprise as polyhydroxy compounds polyvinyl alcohol and/or
partially saponified polyvinyl acetates and/or partially hydrolyzed
polyvinyl ethers. g

4, Graft copolymers according to claim 1 characterized in that
they comprise as polyhydroxy compounds glycerol and/or poly-
glycerols, in particular diglycerol, triglycero!, and monoisopropy!-
idene diglycerol or monoisopropylidene triglycerol.

5. Graft copolymers according to claim 1 characterized in that
they comprise as monomers A acrylic and/or methacrylic acid,
their alkali/ammonium and/or amine salts.

6. Graft copolymers according to claim 1 characterized in that i
they comprise as monomers B allyl sulfonic acid,"methallyl sulfonic
acid, acrylamidomethylpropane sulfonic acid, vinyl sulfonic acid,
sulfatoethyl{meth)acrylate, vinyl phosphonic acid and/or the salts
of these acids with monovalent cations.

\
7. Graft copolymers according to claim 1 characterized in that
they comprise allyl alcohol or the esters of unsaturated carboxylic
acid':lsuch as acrylic acid or methacrylic acid the alcohol compo-
nent of which has been modified with alkylene oxide, as the

Q
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water-soluble, monoethylenically unsaturated compounds modified
with alkylene oxide.

8. Graft copolymers according to claim 1 characterized in that
they comprise as monomer D molecular-weight-increasing mono-
mers, preferably those having multiply monoethylenically unsatu-
rated double-bonds and/or those having one ethylenically unsatu-
rated double-bond and one additional functional cross-linking

group.

9. Graft copolymers according to claim 1 characterized in that
they comprise as monomer E alkyl- and/or hydroxyalkyl(meth)-
acrylic acid ester, mono- and/or dialkyl esters of maleic acid, N-
alkyl and/or N,.N-dialkyl(meth')acrylamides and/or viny! carboxylic
acid esters. |

10. A proéess for producing graft c‘opolym'e,rs according to claims

~1-9 of polyhydroxy compounds, tlieir reaction producfs and/or

their derivatives, and monoethylenically unsaturated monomers in
solution or suspension at temperatures of up to 200°C by means
of radical polymerization initiators, characterized in that a total |

mixture is used which consists of 1-60%-wt., preferably 5-40%-
wt., and most preferably 5-30%-wt. of polyhydroxy compounds,

their reaction products and/or their derivatives, and 95-40%-wt. of

a monomer mixture consisting of

A)  45-96%-wt. of at least one monoethylenically unsaturated
- C3-C10 monocarboxylic acid or its salts with monovalent
cations, ' ' 0 '

B) - 4-55%-wt. of at least one monoethylenically unsaturated
monomer containing sulfonic acid groups, one mono- '
q_;hYIenically unsaturated sulfuric acid ester and/or
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vinyl phosphonic acid and/or the salts of these acids with
monovalent cations, '

C) 0-30%-wt. of at least one water-soluble, monoethylenically
unsaturated compound modified with 2-50 moles of alkylene
oxide per mole, ‘

D) 0-45%-wt. of at least one additional watzar-soluble, radically
polymerizable monomer,
E) 0-30%-wt. of other radically polymerizable monomers which
are slightly soluble or insoluble in water, |
with the sum of A to E amounting to 100 %-wt., and that for po-
lymerization the constituents of the total mixture of polyhydroxy
components and monoet,hylenically unsaturated monomers are
either prepared as a wh”ble or in portions, and that the rest is me-
tered or all constituents are metered.

11. A process for the production of graft copolymers according to
claims 1-2 of polyhydroxy compounds, their reaction products
and/or their derivatives, and monoethylenically unsaturated
monomers in solution or suspension at temperatures of up to
200°C by means of radical polymerization initiators, characterized
in that polysaccharides, preferably starch, starch decomposition
products and starch derivatives, cellulose, cellulose decomposition
products and/or cellulose derivatives, are used as polyhydroxy
compounds.

- 12. A process for the production of graft copolymers according to
claims 1-9 of polyhydroxy compounds, their reaction products,
their derivatives or their mixtures, and monoethﬂgnic”ally unsatu-
rated monomers in solution or suspension at tem;;‘éxratures of up to
200°C by means of radical polymerization initiators, characterized

0 ' 7
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in that polyvinyl alcohol and/or partially saponified polyvinyl ace-
tates and/or partially hydrolyzed polyvinyl ethers are used as poly-
hydroxy compounds.

13. A process for the production of graft copolymers according to
claims 1-9 of polyhydroxy compounds, their reaction products,
their derivatives or their mixtures, and monoethylenically unsatu-

rated monomers in solution o suspension at temperatures of up to

200°C by means of radical polymerization initiators, characterized
in that glycerol and/or polyglycerols, in particular diglycerol,
triglycerol, and monoisopropylidenea diglycerol or monoisopropyl-
idene triglycerol are used as polyhydroxy compounds.

14. The use of the graft copolymers according to claims 1 - 9 for
binding multivalent metal ions.

15. The use of the graft copolymers according to claims 1 - 9 for
inhibiting the water hardness.

~ 16. The use of the graft copolymers according to claims 1 - 9 as

additive and component in detergents and cleaning agents.

17. The use of the graft copolymers according to claims 1 - 9 as
additive and component in washing liquors.

18. The-use of the graft copolymers according to claims 1 - 9 as
auxiliary agent in textile finishing.

19..The use of the graft copolymers according to claims 1 - 9 as
auxiliary agentjip the pretreatment of raw fiber materials or tex-
tiles. i ‘
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20. The use of the graft copolymers according to claims 1 - 9 as
- auxiliary agent for boiling off, kier scouring and bleaching of raw
fiber materials, fibers and textiles.

21. The use of the graft copolyme'rs according to claims 1 - 9 as
auxiliary agent in the dyeing of natural and/or synthetic fibers or
textiles. '

22. The use of the graft copolymers according to claims 1 - 9 as
auxiliary agent in textile printing, in particular in the washing off

reactive prints and vat colors of natural and/or synthetic fibers or
textiles.

23, The use of the graft copolymers according to claims 1 - 9 as
auxiliary agent in desizing natural or synthetic fibers or textiles.

24. The use of the graft copolymers according to claims 1 - 9 as
auxiliary agent according to claims 18 - 23, characterized in that
they are used in combination with surfactants, in particular anionic
‘surfactants.

25. The use of the graft copolymers according to claims 1 - 9 as
- auxiliary agent according to claims 18 - 24, characterized in that
they are used in combination with complexing carboxylic acids.

26. The use of the graft copolymers according to claims 1 - 9 as
auxiliary agent accordi_ng to claims 19 and 20, 24 and 25, charac-
terized in t),.ja‘;at they are used in chlorite-free bleaching, preferably
in multista'/gé processes in an adjustable treatment bath or in such
continuous processes.

27. The use of the graft copolymers accorg;i‘n_g_,;to claims 1 - 9 for
the production of pigment and dye-stuff dispersions.
: l
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28. The use of the graft copalymers according to claims 1 - 9 as
auxiliary agent in papermaking for the production of pigment and
filler dispersions and of coating colors.
29. The use of the graft copolymers according to claims 1 - 9 as
auxiliary agent in the production of leather.
PO
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