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57 ABSTRACT 

A proceSS for preparing polymers comprising peroxycar 
boxyl groups, wherein a Suspension of a polymer compris 
ing monoolefinically unsaturated dicarboxylic anhydride 
basic building blockS is mixed with hydrogen peroxide in an 
inert diluent. 

21 Claims, 1 Drawing Sheet 

  

Favored Ex. 1011



U.S. Patent Sep. 8, 1998 5,804,669 

s 

SS S S 3 3 S S S 9 o' y O O OO N CO LO 
ve 

(2%) LN3LNOO 3OIXO23d WinGIS3A 

M. CN 

  



5,804,669 
1 

PREPARATION OF POLYMERS 
COMPRISING PEROXYCARBOXYL GROUPS 

The present invention relates to a process for preparing 
polymers comprising peroxycarboxyl groups, to Suitable 
employable polymers and products of the process, and to the 
use thereof. 
DD A-A-252 378 describes a process for preparing 

uncrosslinked polymer percarboxylates, where in 
uncroSSlinked polymers comprising maleic and/or fumaric 
acid are dissolved in an inert Solvent which is difficult to 
oxidize, then hydrogen peroxide is added, and the product is 
isolated as a Solid product under reduced pressure at tem 
peratures below 100° C. In the process described, the ratio 
between maleic acid copolymer basic units and hydrogen 
peroxide is preferably from 1:2 to 1:4. In order to obtain 
yields of percarboxylate to COOH of 60% and more it is 
necessary for the ratio of maleic acid units to hydrogen 
peroxide to be 1:2 or more. Partially hydrolyzed or hydro 
lyzed maleic acid copolymers are employed. 

DD-A-272 654 describes a process for preparing copoly 
meric peroxydicarboxylic acids and their Salts, wherein 
copolymeric dicarboxylic anhydrides are reacted with 
hydrogen peroxide in the absence of Solvents and catalysts 
in heterogeneous phase. Active oxygen contents of from 3.1 
to 5.8% are achieved. 

It is an object of the present invention to provide a 
proceSS for preparing polymers comprising peroxycarboxyl 
groups by reacting polymers comprising monoolefinically 
unsaturated dicarboxylic anhydride basic building blockS 
with hydrogen peroxide, it being possible to produce a high 
proportion of peroxycarboxyl groups with a Small amount of 
hydrogen peroxide. 

It is another object of the present invention to provide a 
proceSS as described above, it being possible to isolate the 
product in a simple manner. 

It is another object of the invention to provide a proceSS 
as described above, wherein the content of peroxycarboxyl 
groups in the product can be controlled in a Simple manner. 

It is another object of the invention to provide a proceSS 
for preparing crosslinked or partially crosslinked polymers 
comprising peroxycarboxyl groups. 

It is another object of the invention to provide novel 
polymers comprising peroxycarboxyl groups. 

It is another object of the invention to provide novel 
polymers comprising monoolefinically unsaturated dicar 
boxylic anhydride basic building blocks which can be con 
verted into polymers comprising peroxycarboxyl groups. 

We have found that these objects can be achieved by a 
proceSS for preparing polymers comprising peroxycarboxyl 
groups, wherein hydrogen peroxide is added to a Suspension 
of a polymer comprising monoolefinically unsaturated dicar 
boxylic anhydride basic building blocks in an inert diluent 
and a copolymer comprising at least one monoolefinically 
unsaturated dicarboxylic anhydride and at least one 
N-vinylactam as basic building blocks. 

In the process according to the invention, the polymers 
comprising monoolefinically unsaturated dicarboxylic anhy 
dride basic building blocks are Suspended in an inert Solvent 
and reacted with a required amount of hydrogen peroxide 
according to one embodiment according to the invention in 
a two-phase reaction. In this case it is possible to control the 
content of peroxycarboxyl groups in the polymers simply 
via the amount of hydrogen peroxide added. 

The polymer comprising monoolefinically unsaturated 
dicarboxylic anhydride basic building blocks which is used 
according to the invention can be, preferably, a 
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2 
homopolymer, copolymer, terpolymer, graft copolymer or 
block copolymer or another polymer. 

The polymer used according to the invention can be a 
copolymer of at least one monoolefinically unsaturated 
dicarboxylic anhydride basic building block and at least one 
monoethylenically unsaturated comonomer basic building 
block. 

DESCRIPTION OF THE DRAWING 

The FIGURE depicts the decomposition of the disclosed 
polymers as compared to peroxide Solutions. 

MONOOLEFINICALLY UNSATURATED 
DICARBOXYLIC ANHYDRIDE BASIC 

BUILDING BLOCKS 

Examples of possible monoolefinically unsaturated dicar 
boxylic anhydride basic building blocks are cyclic dicar 
boxylic anhydrides which have a monoolefinic unsaturation 
in the ring Structure. Examples of Such dicarboxylic anhy 
drides are maleic, citraconic and glutaconic anhydrides. 
These anhydrides may be substituted by one or more 
C1-Co-alkyl radicals, preferably C1-Co-alkyl radicals, in 
particular C-C-alkyl radicals, or by aromatic radicals. Such 
as phenyl or naphthyl radicals. The cyclic dicarboxylic 
anhydrides, as well as the alkyl or aryl Substituents, may be 
Substituted by Suitable inert Substituents Such as halogen 
atOmS. 

The dicarboxylic anhydrides which can be used may also 
have the monoolefinic unsaturation outside the cyclic anhy 
dride Structure, for example through an attached olefinic 
radical. Examples are methylenemalonic anhydride, itaconic 
anhydride, 1,2,3,6-tetrahydrophthalic anhydride, 3-methyl 
1,2,3,6-tetrahydrophthalic anhydride, 2-methyl-1,2,3,6- 
tetrahydrophthalic anhydride, 3,6-epoxy-1,2,3,6- 
tetrahydrophthalic anhydride, 5-norbornene-2,3- 
dicarboxylic anhydride and bicyclo[2.2.2-5-octene-2,3- 
dicarboxylic anhydride. 

Maleic anhydride is preferably used. 

MONOETHYLENICALLY UNSATURATED 
COMONOMER BASIC BUILDING BLOCKS 

All Suitable basic building blockS can be used as mono 
ethylenically unsaturated comonomer basic building blockS. 
Examples of Suitable basic building blocks are 
N-vinyllactams, preferably N-Vinylpyrrollidone, 
N-vinylpiperidone, N-vinylcaprolactam, which may be sub 
stituted by one or more substituents as described above for 
the dicarboxylic anhydrides. N-vinylpyrrollidone and/or 
N-Vinylcaprolactam are particularly preferably employed, 
especially in combination with maleic anhydride as 
monoolefinically unsaturated dicarboxylic anhydride basic 
building block. 

Another group of Suitable monoethylenically unsaturated 
comonomers are the N-Vinyl amide S Such as 
N-vinylformamide or N-vinylacetamide. 

It is furthermore possible to use vinyl ethers, for example 
C1-Co-alkyl vinyl ethers, preferably C1-Co-alkyl vinyl 
ethers, particularly preferably C-C-alkyl vinyl ethers, for 
example methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, 
octyl, cyclohexyl, 2-ethylhexyl, dodecyl and octadecyl vinyl 
ethers. 

It is furthermore possible to use Vinyl esters, for example 
Vinyl formate, Vinyl acetate and vinyl propionate. 

It is additionally possible to employ vinylaromatic com 
pounds Such as Styrene and C.-methylstyrene. 
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It is likewise possible to use acrylic and methacrylic acids, 
as well as acrylic esters and methacrylic esters, and acryla 
mides and methacrylamides. Examples thereof are methyl 
acrylate, ethyl acrylate, propyl acrylate, i-propyl acrylate, 
butyl acrylate, i-butyl acrylate, t-butyl acrylate, pentyl 
acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl 
acrylate, lauryl acrylate, Stearyl acrylate and the correspond 
ing methacrylates, mono- and disubstituted acrylamides and 
methacrylamide S Such as N-methylacrylamide, 
N-ethylacrylamide, N-propyla crylamide, N-i- 
propylacrylamide, N-t-butylacrylamide, N-butylacrylamide, 
N-hexyl acrylamide, N- octyl acrylamide, N,N- 
dimethylacrylamide, N,N-diethylacrylamide and the corre 
sponding methacrylamides. 
Another group of Suitable comonomers are the 

monoolefinically unsaturated dicarboxylic anhydrides 
described above. 

It is furthermore possible to use olefins Such as C-Co 
olefins, for example ethene, propene, isobutene, 1-butene, 
1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 
1-tetradecene, 1-hexadecene, 1-octadecene, and commercial 
mixtures of higher olefins Such as C/C-olefins, C/C- 
olefins, Co/C2a-olefins, C2/C2s-olefins. 

Particularly preferred monoethylenically unsaturated 
comonomer basic building blocks are N-Vinylpyrrolidone, 
C-C-Vinyl ethers and C-C-olefins. 
The (co)monomers can be employed singly or in a mix 

ture. 

The molar ratio of unsaturated dicarboxylic anhydride 
basic building blocks to monoethylenically unsaturated 
comonomer basic building blocks can be chosen as required 
for the desired polymer. The ratio is preferably from 20:1 to 
1:20, particularly preferably 10:1 to 1:10, in particular 5:1 to 
1:5. 

In one embodiment of the invention in which 
N-vinylactam basic building blocks are used, the molar 
ratio of monoolefinically unsaturated dicarboxylic anhy 
dride basic building blocks to N-vinylactam basic building 
blocks is from 20:1 to 1:20, preferably 5:1 to 1:5, in 
particular 2:1 to 1:2. 

In these copolymers according to one embodiment of the 
invention, 1 to 95%, preferably 30 to 95%, of the 
monoolefinically unsaturated dicarboxylic anhydride basic 
building blocks are converted into monoolefinically unsat 
urated monoperoxydicarboxylic acid basic building blockS. 

CROSSLINKERS 

The polymers employed according to the invention can in 
one embodiment of the invention be partially or completely 
crosslinked. Crosslinkers which can be employed are any 
Suitable crosslinkers. Examples of Suitable crosslinkers are: 
alkadienes, eg. C,c)-alkadienes Such as 1,9-decadiene 
divinyl alkyl ethers, eg. 1,4-butanediol divinyl ether, 1,6- 

hexanediol divinyl ether, 1,8-octanediol divinyl ether 
di(meth)acrylates of diols, eg. ethylene glycol di(meth) 

acrylate, 1,2-propylene glycol di(meth)acrylate, 1,4- 
butanediol di(meth)acrylate, 1,6-hexanediol di(meth) 
acrylate, diethylene glycol di(meth)acrylate, triethylene 
glycol di(meth)acrylate, tetraethylene glycol di(meth) 
acrylate, dipropylene glycol di(meth)acrylate, tripropy 
lene glycol di(meth)acrylate or polyethylene glycol 
di(meth)acrylate 

tri(meth)acrylates of polyhydric alcohols, eg. trimethylol 
propane tri(meth)acrylate 

allyl esters, e.g. allyl (meth)acrylate 
allyl ethers of polyhydric alcohols, eg. pentaerythritol trial 

lyl ether 
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4 
N,N'-divinylalkyleneureas, eg. divinylethyleneurea, divinyl 

propyleneurea 
methylenebis(meth)acrylamide 
divinylbenzene. 
The polymers used according to the invention can also be 

partially crosslinked Subsequently. To do this, the polymers 
can be reacted, before or during the reaction with hydrogen 
peroxide, with diols and/or diamines as crosslinkers. 
Examples of diols Suitable as crosslinkers are ethanediol, 
1,2-propanediol, 1,3-propanediol, 1,2-butanediol, 1,4- 
butanediol, 1,5-pentanediol, 1,2-pentanediol, 1,3- 
hexanediol, 1,6-hexanediol. Examples of diamines which 
can be used are ethanediamine, 1,2-propanediamine, 1,3- 
propanediamine, 1,2-butanediamine, 1,4-butanediamine, 
1,5-pentane diamine, 1,2-pentane diamine, 1,2- 
hexanediamine, 1,6-hexanediamine. 
The crosslinkers can be employed in Suitable amounts 

depending on the required degree of crosslinking. Only 
Small amounts of crosslinker are normally employed, for 
example from 0.001 to 10, preferably 0.01 to 5, 9% of the 
total weight of the other basic building blocks. 
The copolymers according to the invention, which com 

prise at least one monoolefinically unsaturated dicarboxylic 
anhydride basic building block, preferably maleic anhydride 
basic building block and at least one N-vinylactam basic 
building block, preferably N-Vinylpyrrollidone and/or 
N-Vinylcaprolactam basic building block, are, in one 
embodiment of the invention, at least partially croSSlinked 
by divinylbenzene and/or divinylethyleneurea and/or alka 
dienes and/or divinyl alkyl ethers and/or diols and/or 
diamines. According to a preferred embodiment of the 
invention, the copolymers according to the invention are 
prepared by the proceSS described hereinafter. 
The crosslinker basic building blocks preferably 

employed are divinylbenzene, divinylethyleneurea, alka 
dienes or divinyl alkyl ethers. The latter are preferably 
Selected from C,c)-alkadienes, preferably 1,9-decadiene, or 
1,4-butanediol divinyl ether, 1,6-hexanediol divinyl ether or 
1,8-octanediol divinyl ether. 
The polymers employed according to the invention can 

have any Suitable molecular weight, preferably a number 
average molecular weight of from 1000 to 5,000,000, pref 
erably 2000 to 1,000,000. 

DILUENTS 

The polymers or copolymers used to prepare the polymers 
comprising peroxycarboxyl groups according to the inven 
tion are, according to one embodiment of the invention, 
Suspended in a diluent which does not dissolve either the 
initial polymer or the product. Thus, diluents which can be 
used are all diluents in which neither the initial polymer nor 
the product dissolve. In addition, the diluents should pref 
erably be inert, ie. Show essentially no reaction with hydro 
gen peroxide. Examples of diluents which can be used are 
aromatic compounds Such as benzene, toluene, O-Xylene, 
m-Xylene, p-Xylene, and carboxylic esters, for example 
methyl acetate, ethyl acetate, isopropyl acetate, butyl 
acetate, amyl acetate, alkanes Such as hexane, heptane, 
octane, nonane, decane or isomers thereof or mixtures of 
alkanes. Other Suitable diluents are known to the skilled 
worker. 
The inert diluent is preferably a diluent which is immis 

cible or of low miscibility with water. 
Ethyl acetate or an alkane, Such as hexane or heptane, is 

preferably used. 
The reaction products can be isolated from the diluent in 

a simple manner, for example by filtration or by decantation. 
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The resulting products can then be dried at Suitable 
temperatures, for example up to 50 C., under reduced 
preSSure. 

PREPARATION PROCESS 

According to one embodiment of the invention, the initial 
polymer(s) are Suspended in a Suitable inert diluent and, at 
a temperature in the range from 0 to 70° C., preferably 20 
to 55 C., a required amount of hydrogen peroxide, prefer 
ably acqueous hydrogen peroxide, is added. The content of 
peroxycarboxyl groups in the product polymer can be influ 
enced by the ratio of hydrogen peroxide to dicarboxylic 
anhydride basic building blocks in the polymer. According 
to one embodiment of the invention, the amount of hydrogen 
peroxide employed is 0.01 to 1.5, preferably 0.1 to 1.5, 
especially 0.3 to 1.5 mol of hydrogen peroxide per mole of 
dicarboxylic anhydride in the initial polymer. 

The reaction time can be adjusted according to the 
required content of peroxycarboxyl groups in the product 
and according to the reaction temperature. The reaction time 
is preferably from 0.1 to 8 hours, particularly preferably 0.5 
to 6 hours. 

The polymers used as Starting materials can be employed 
already in the form of Solids, which are Suspended in the 
diluent. According to one embodiment of the invention, the 
initial polymers can be prepared by Suspension polymeriza 
tion or precipitation polymerization and be reacted further, 
without previous isolation, with hydrogen peroxide, with or 
without diols and/or diamines. It is preferable to use for the 
polymerization a diluent which is a suitable diluent for the 
Subsequent reaction with hydrogen peroxide. This reaction 
procedure makes it possible to prepare polymers comprising 
peroxycarboxyl groups very simply. 

The hydrogen peroxide is preferably employed as an 
aqueous Solution which has a hydrogen peroxide content of 
from 10 to 100% by weight, preferably 30 to 60% by weight. 
The polymers comprising peroxycarboxyl groups 

obtained from the reaction with hydrogen peroxide can 
furthermore, according to one embodiment of the invention, 
be converted into their alkali metal or alkaline earth metal 
salts before isolation from the reaction mixture. This pref 
erably takes place by adding aqueous alkali metal or alkaline 
earth metal hydroxides, bicarbonates or carbonates. 

The polymer comprising peroxycarboxyl groups can be 
isolated from the reaction mixture by filtration or decanta 
tion. 

The products prepared according to the invention contain, 
depending on the amount of hydrogen peroxide employed, 
from 1 to 95% of monoperoxycarboxyl groups based on the 
total amount of dicarboxylic anhydride groups in the initial 
polymer. According to one embodiment of the invention, 
these high contents of monoperoxycarboxyl groups are also 
obtained on use of water-containing hydrogen peroxide 
Solution. Surprisingly, even with aqueous hydrogen perOX 
ide Solution there is incorporation into the polymer predomi 
nantly of hydrogen peroxide by comparison with water. 

The bound amount of active oxygen can be determined, 
for example, by iodometric titration. 

The polymers comprising peroxycarboxyl groups pre 
pared according to the invention can be used in a wide range 
of applications, for example as bleaches, disinfectants, 
cleaners or for epoxidation. Applications both in the coS 
metic and in the pharmaceutical Sectors are possible. 
Examples of Such applications are in the Sectors: acne 
remedies, tooth bleaches, or lightening of the teeth, non 
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6 
aqueous toothpastes and tooth powders, cleaning of dentures 
and orthodontic appliances, foaming mouthwash tablets, 
hair removers (oxidizing depilatories), hair bleaches, 
bleaching of the skin, coupling agents in hair dyeing and 
production of permanent waves (alkali cold wave), Softening 
of cuticle, for example in foot care, incorporation in deep 
bed filter Systems, filled tamponades for Simultaneous 
absorption and disinfection, disinfecting wipes, disinfectants 
for medical instruments, Surface disinfection, water 
disinfection, vaginal Suppositories, non-aqueous ointments, 
for example polyethylene-based ointments, antibacterial 
lipsticks, wound dressings, wound powders, contact lens 
cleaning, cold wash tablets. The products according to the 
invention are likewise Suitable for use in chemical reactions, 
for example in the preparation of N-oxides, epoxides, for the 
oxidation of alcohols and aldehydes and other compounds, 
for use as initiators in polymerizations, Such as Solution, 
emulsion, precipitation and Suspension polymerizations 
with all known Suitable monomers and combinations thereof 
in homo- and copolymerizations, or for crosslinking of 
polymers. 
The invention is explained hereinafter by means of 

examples. 
The vinylpyrrolidone/maleic anhydride molar ratio in all 

the examples is 1:1. 
PREPARATION OF THE POLYMERS 

COMPRISING PEROXYCARBOXYL GROUPS 

EXAMPLE 1. 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of ethyl acetate. 0.96 to g of H.O. (50%, 
equivalent of 30 mol % based on the maleic anhydride 
content) is then added to the Suspension. The mixture is 
stirred at 25 C. for 4 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of HO of 2.5% 
(corresponding to 54.0% of theory). 

EXAMPLE 2 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of ethyl acetate. 3.84 g of H.O. (50%, 
equivalent of 120 mol % based on the maleic anhydride 
content) are then added to the Suspension. The mixture is 
stirred at 0° C. for 2 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of HO of 7.2% 
(corresponding to 51.4% of theory). 

EXAMPLE 3 

25 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 250 ml and is equipped with a stirrer and are 
suspended in 125 ml of ethyl acetate. 9.6 g of H.O. (50%, 
equivalent of 120 mol % based on the maleic anhydride 
content) are then added to the Suspension. The mixture is 
stirred at 25 C. for 4 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of H.O. of 11.1% 
(corresponding to 79.3% of theory). 

EXAMPLE 4 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
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capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of ethyl acetate. 4.79 g of H.O. (50%, 
equivalent of 150 mol % based on the maleic anhydride 
content) are then added to the Suspension. The mixture is 
stirred at 50 C. for 2 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of H.O. of 13.3% 
(corresponding to 95% of theory). 

EXAMPLE 5 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of ethyl acetate. 4.79 g of H.O. (50%, 
equivalent of 150 mol % based on the maleic anhydride 
content) are then added to the Suspension. The mixture is 
stirred at 25 C. for 2 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of H2O of 10.7% 
(corresponding to 76.4% of theory). 

EXAMPLE 6 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of heptane. 4.08 g of H.O. (50%, 
equivalent of 125 mol % based on the maleic anhydride 
content) are then added to the Suspension. The mixture is 
stirred at 50 C. for 2 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of H.O. of 11.2% corre 
sponding to 79.9% of theory). 

EXAMPLE 7 

60 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 500 ml and is equipped with a stirrer and are 
suspended in 350 ml of ethylacetate. 28.74 g of H2O (50%, 
equivalent of 150 mol % based on the maleic anhydride 
content) is then added to the Suspension. The mixture is 
stirred at 25 C. for 4 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of H2O of 12.45% 
(corresponding to 88.9% of theory). 

EXAMPLE 8 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of heptane. 3.36 g of H.O. (50%, 
equivalent of 100 mol % based on the maleic anhydride 
content) are then added to the Suspension. The mixture is 
stirred at 50 C. for 2 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of H2O of 10.3% 
(corresponding to 73.6% of theory). 

EXAMPLE 9 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of hexane. 4.79 g of H2O (50%, 
equivalent of 150 mol % based on the maleic anhydride 
content) are then added to the Suspension. The mixture is 
stirred at 50 C. for 4 hours, after which the polymer 
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8 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of H.O. of 13.0% 
(corresponding to 93.0% of theory). 

EXAMPLE 10 

10 g of a copolymer of N-vinylpyrrolidone and maleic 
anhydride are introduced into a glass flask which has a 
capacity of 100 ml and is equipped with a stirrer and are 
suspended in 50 ml of ethyl acetate. 1.6 g of HO (10%, 
equivalent of 10 mol % based on the maleic anhydride 
content) is then added to the Suspension. The mixture is 
stirred at 25 C. for 4 hours, after which the polymer 
comprising peroxycarboxyl groups is isolated by filtration. 
The product has a bound content of HO of 0.8% 
(corresponding to 50% of theory). 

EXAMPLE 11 

Kinetics of Decomposition of the Polymers 
Comprising Peroxycarboxyl Groups 

The kinetics of decomposition of the polymer comprising 
peroxycarboxyl groups from Example 7 were compared in a 
test with the kinetics of decomposition of hydrogen peroxide 
under the same conditions. The temperature was 90° C., the 
pH was 2 and the initial peroxide content was 0.2% by 
weight. The peroxide content was determined by iodometry. 
The results of the kinetics of decomposition are depicted in 
the graph in FIG. 1 in which the residual peroxide content 
is plotted against time. (Full line: polymer from Example 7, 
broken line: industrially stabilized hydrogen peroxide.) It is 
evident that the peroxide content in the polymer from 
Example 7 decreases considerably more quickly than that of 
a comparable hydrogen peroxide Solution. This shows that 
the polymers comprising peroxycarboxyl groups according 
to the invention are more Suitable as oxidizing agents and as 
agents for providing active oxygen. 

USE OF THE POLYMERS COMPRISING 
PEROXYCARBOXYL GROUPS AS INITIATORS 

FOR POLYMERIZATIONS 

EXAMPLE 12 

28.8 g (0.4 mol) of acrylic acid are introduced into 67g 
of water in a Stirred apparatus fitted with reflux condenser 
and nitrogen flushing device. 1.36 g of the polymeric peracid 
from Example 3 are added, and the mixture is heated at 85 
C. for 2 hours and then at 95 C. for a further 2 hours. 
Towards the end of the reaction it is diluted with 125 ml of 
water. A viscous Solution with a solids content of 13% is 
obtained. the K value is 30.4. 
* The K values were measured by the method of Fikentscher, Celluloseche 
mie 13 (1932) 58-64 at 25 C., 0.1% by weight in 0.5 molar NaCl solution. 

EXAMPLE 13 

30 g (0.23 mol) of hydropropyl acrylate, 60 g (0.09 mol) 
of N,N-dimethyl-N-ethyl-N-(2-methacryloyloxy) 
ethylammonium ethylsulfate (50% strength in water), 110 g 
of water and 1.12g of polymeric peracid from Example 3 are 
introduced into a stirred apparatus fitted with reflux con 
denser and nitrogen flushing device. The mixture is heated 
at 90° C. for 2 hours and then at 100° C. for a further 2 h. 
Towards the end of the reaction it is diluted with 100 ml of 
water. A viscous Solution with a Solids content of 20% and 
a K value of 51.0 is obtained. 
* The K values were measured by the method of Fikentscher, Celluloseche 
mie 13 (1932) 58-64 at 25 C., 0.1% by weight in 0.5 molar NaCl solution. 



5,804,669 
9 

We claim: 
1. A proceSS for preparing a polymer comprising peroxy 

carboxyl groups, Said process comprising adding hydrogen 
peroxide to a Suspension of a polymer comprising 
monoolefinically unsaturated dicarboxylic anhydride basic 
building blocks in an inert diluent. 

2. The proceSS in claim 1, wherein the polymer is a 
copolymer of at least one monoolefinically unsaturated 
dicarboxylic anhydride basic building block and at least one 
monoethylenically unsaturated comonomer basic building 
block. 

3. The process of claim 1, wherein the monoethylenically 
unsaturated dicarboxylic anhydride basic building block is a 
member Selected from the group consisting of maleic, 
itaconic, citraconic, glutaconic and methylenemalonic 
anhydrides, or mixtures thereof. 

4. The process claim 1, wherein the monoethylenically 
unsaturated comonomer basic building block is a member 
Selected from the group consisting of N-Vinylactam, a vinyl 
ether, an olefin, a vinylaromatic compound, a vinyl ester, an 
N-Vinylamide, acrylic acid, methacrylic acid, an acrylic 
ester, a (meth)acrylic ester, acrylamide and methacrylamide. 

5. The process of claim 1, wherein the polymer addition 
ally comprises a crosslinker basic building block which is a 
member Selected from the group consisting of 
divinylbenzene, divinylethyleneurea, an alkadiene and a 
divinyl alkyl ether. 

6. The process of claim 1, wherein the polymer is reacted, 
before or during the reaction with hydrogen peroxide, with 
at least one diol and/or at least one diamine. 

7. The process of claim 3, wherein the monoethylenically 
unsaturated dicarboxylic anhydride basic building block is 
maleic anhydride. 

8. The process of claim 4, wherein the N-vinylactam is a 
member Selected from the group consisting of 
N-Vinyl pyrrolid one, N-vinylpipe rid one and 
N-Vinylcaprolactam. 

9. The process of claim 4, wherein the vinyl ether is 
C1-Co-alkyl vinyl ether. 

10. The process of claim 9, wherein the C-Co-alkyl 
Vinyl ether is a member Selected from the group consisting 
of methyl-ether, ethyl-ether, n-propyl-ether, i-propyl-ether, 
n-butyl-ether, i-butyl-ether, octyl-ether, cyclohexyl-ether, 
2-ethylhexyl-ether and octadecyl vinyl ether. 

11. The process of claim 4, wherein the olefin is a 
C-Co-olefin. 

12. The process of claim 11, wherein the C-Co-olefin is 
a member Selected from the group consisting of ethene, 
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10 
propene, isobutene, 1-butene, 1-pentene, 1-hexene, 
1-octene, 1-decene, 1-dodecene, 1-tetrade cene, 
1-hexadecene, 1-octadecene, a mixture of Cso-olefins, a 
mixture of C/C-olefins, a mixture of C/C-olefins, a 
mixture of Co/C-olefins, and a mixture of C/Cs 
olefins. 

13. The process of claim 4, wherein the vinylaromatic 
compound is Styrene or C.-methylstyrene. 

14. The process of claim 4, wherein the vinyl ester is a 
member Selected from the group consisting of vinyl formate, 
Vinyl acetate and Vinyl propionate. 

15. The process of claim 4, wherein the N-vinylamide is 
N-vinylformamide or N-vinylacetamide. 

16. The process of claim 4, wherein the (methyl)acrylic 
ester is Selected from the group consisting of methyl 
acrylate, ethyl acrylate, propyl acrylate, i-propyl acrylate, 
butyl acrylate, i-butyl acrylate, t-butyl acrylate, pentyl 
acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl 
acrylate, lauryl acrylate and Stearyl acrylate, and the corre 
sponding methacrylates. 

17. The process of claim 4, wherein the mono- and 
disubstituted (meth)acrylamide is a member selected from 
the group consisting of N-methyl acrylamide, 
N-ethylacrylamide, N-propyl acrylamide, N-i- 
propylacrylamide, N-t-butylacrylamide, N-butylacrylamide, 
N-hexyl acrylamide, N- octyl acrylamide, N,N- 
dimethylacrylamide and N,N-diethylacrylamide, and the 
corresponding methacrylamides and unsaturated dicarboxy 
lic anhydrides. 

18. The process of claim 5, wherein the crosslinker basic 
building block, divinyl alkyl ether, is an C,c)-alkadiene. 

19. The process of claim 18, wherein the C,c)-alkadienes 
is 1,9-decadiene, or 1,4-butanediol divinyl ether, 1,6- 
hexanediol divinyl ether and 1,8-octanediol divinyl ether. 

20. The process of claim 6, wherein the diol is a member 
Selected from the group consisting of ethandiol, 1,2- 
propanediol, 1,3-propanediol, 1,2-butanediol, 1,4- 
butanediol, 1,5-pentanediol, 1,2-pentanediol, 1,2- 
hexanediol and 1,6-hexanediol. 

21. The process of claim 6, wherein the diamine is a 
member Selected from the group consisting of ethanedi 
amine and 1,2-propanediamine, 1,3-propanediamine, 1,2- 
butanediamine, 1,4-butanediamine, 1,5-pentanediamine, 
1,2-pentane diamine, 1,2-hexane diamine and 1,6- 
hexanediamine. 




