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(54) Title: USE OF POLYMERS AS BIOCIDES
(54) Bezeichnung: VERWENDUNG VON POLYMERISATEN ALS BIOZID

(57) Abstract

The invention concems the use as biocides of polymers which contain the following incorporated by polymerization: (a) between 0.1
and 100 mol % vinyl amine units or ethylene imine units; (b) between 0 and 99.9 mol % units of at least one monomer selected from the

| group comprising open-chain N-vinyl carboxylic acid amides, vinyl formiate, vinyl acetate, vinyl propionate, vinyl alcohol, C; to Cg alkyl
... vinyl ether, monoethylenically unsaturated Cs to Cg carboxylic acids, their esters, nitriles, amides and anhydrides, N-vinyl urea, N-vinyl

imidazoles and N-vinyl imidazolines; and (c) between 0 and 5 mol % units of monomers having at least two ethylenically unsaturated
double bonds. The total of (a), (b) and (c) in mol % is always 100.

(57) Zusammenfassung

Verwendung von Polymerisaten, die (a) 0,1 bis 100 Mol-% Vinylamin-Einheiten oder Ethylenimin-Einheiten, (b) O bis 99,9 Mol-%
Einheiten mindestens eines Monomers aus der Gruppe bestehend aus offenkettigen N-Vinylcarbonsdureamiden, Vinylformiat, Vinylacetat,
Vinylpropionat, Vinylalkohol, C;i- bis Cg-Alkylvinylether, monoethylenisch ungesittigten Cs- bis Cg-Carbonsturen, deren Ester, Nitrile,
Amide und Anhydride, N-Vinylhamstoff, N-Vinylimidazolen und N-Vinylimidazolinen und (c) O bis 5 Mol-% Einheiten von Monomeren
mit mindestens zwei ethylenisch ungesiittigten Doppelbindungen einpolymerisiert enthalten, wobei die Summe aus (a), (b) und (c) in Mol-%
immer 100 betrdgt, als Biozid.
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Use of polymers as biocide
The invention relates to the use of polymers which contain
(a) 0.1 to 100 mol% of vinylamine or ethyleneimine units,

(b) 0 to 99.9 mol% of units of at least one monomer from the
group consisting of N-vinylcarboxamides, vinyl formate, vinyl
acetate, vinyl propionate, vinYl alcohol, C;- to Cg-alkyl
vinyl ethers, monoethylenically unsaturated C3- to
Cg~carboxylic acids, their esters, nitriles, amides and
anhydrides, N-vinylurea, N-vinylimidazoles and
N-vinylimidazolines and

(c) 0 to 5 mol% of units of monomers having at least two
ethylenically unsaturated double bonds,

in copolymerized form as biocide.

Specifically functionalized polyvinyl alcohols, polyacrylates and
polyethyleneimines for the immobilization of antimicrobially
active substances are known from 2. Chem., Volume 27, 1 (1987).
The active compounds are released in a controlled manner during
the use of such systems. According to the information in the
publication, the antimicrobial activity is based, however, on the
release of the biocidal active compounds.

SU-A-1 071 630 discloses that copolymers of diallyldimethyl-
ammonium chloride and sodium acrylate have a bactericidal
activity. EP-A-0 331 528 discloses copolymers of ethylene and
dialkylaminoalkylacrylamides having biocidal activity.
Antimicrobially active polymers which contain vinylphosphonium
and vinylsulfonium groups were reported in J. Polym. Sci. Part A:
Polym. Chem., Volume 31, 335, 1441, 1467 and 2873 (1993) and also
in Arch. Pharm. (Weinheim) 321, 89 (1988). Biocidally active
copolymers of N-vinylpyrrolidone and vinylamines are known from
Makromol. Chem., Suppl. Volume 9, 25 (1985).

It is an object of the present invention to make available novel
biocidal agents.

We have found that this object is achieved according to the
invention by the use of polymers which contain

(a) 0.1 to 100 mol% of vinylamine or ethyleneimine units,
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(b) 0 to 99.9 mol% of units of at least one monomer from the
group consisting of N-vinylcarboxamides of the formula

1
5 -~ %
CH;==CH — N (I),
~Sco— R?

in which R!, R? = H or C;- to Cg—alkyl,

10
vinyl formate, vinyl acetate, vinyl propionate, vinyl
alcohol, C;- to Cg~alkyl vinyl ethers, monoethylenically
unsaturated C3- to Cg-carboxylic acids, their esters, |
nitriles, amides and anhydrides, N-vinylurea, N-imidazoles
15 [sic] and N-vinylimidazolines and

(c) O to 5 mol% of units of monomers having at least two
| ethylenically unsaturated double bonds,

20 in copolymerized form, the sum of (a), (b) and (c) in mol% always
being 100, as biocide.

The polymers described above are known from the prior art, cf.
EP-B-0 071 050 and EP-B-0 216 387. The polymers comprising

25 vinylamine units are obtainable, for example, by polymerizing
mixtures which polymerizes

(a) 0.1 to 100 mol% of open-chain N-vinylcarboxamides of the
formula I indicated above,
30
(b) 0 to 99.9 mol% of at least one monomer from the group
consisting of vinyl formate, vinyl acetate, vinyl propionate,.
C;~ to Cg-alkyl vinyl ethers, monoethylenically unsaturated
C3- to Cg-carboxylic acids, their esters, nitriles, amides and
35 anhydrides, N-vinylimidazoles and N-vinylimidazolines and

(c) 0 to 5 mol% .of at least one monomer having at least two
ethylenically unsaturated double bonds,

40 and then partially or completely removing the group

e—— C —— R2
(II),

|
O
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in which R? has the meaning indicated in formula I,

from the copolymerized monomers of the formula I.

Open-chain N-vinylcarboxamides of the formula I are, for example,
N-vinylformamide, N-vinyl-N-methylformamide, N-vinylacetamide,
N-vinyl-N-methylacetamide, N-vinyl-N-ethylacetamide, N-vinyl-
N-methylpropionamide and N-vinylpropionamide. The open-chain
vinylcarboxamides can be employed in the polymerization on their
own or as a mixture. Preferably, N-vinylformamide 1is used from
this group of monomers.

The polymers comprising ethyleneimine units are polyethylene-
imines which are obtainable by polymerization of ethyleneimine 1in
the presence of acids, Lewis acids or acid-eliminating catalysts
such as alkyl halides, e.g. methyl chloride, ethyl chloride,
propyl chloride, methylene chloride, trichloromethane, carbon
tetrachloride or tetrabromomethane. The polyethyleneimines, for
example, have molecular weights Mw of 300 to 1,000,000. Polymers
comprising ethyleneimine units of this type, which are obtainable
by grafting polyamidoamines with ethyleneimine or by grafting
polymers of open-chain N-vinylcarboxamides of the formula I with
ethyleneimine, are additionally suitable. Grafted polyamidoamines
are disclosed, for example, 1in US-A-4 144 123.

As component (a), the polymers to be used according to the
invention contain 0.1 to 100, preferably 10 to 90, mol% of
vinylamine or ethyleneimine units. Of the polymers comprising
ethyleneimine units, polyethyleneimine having molecular masses
from 500 to 500,000 is preferably used.

Polymers comprising vinylamine units can be modified by
copolymerizing monomers of the formula I with other monomers
during the preparation. Suitable monomers include vinyl formate,
vinyl acetate, vinyl propionate, C;- to Cg—alkyl vinyl ethers,
monoethylenically unsaturated C3- to Cg-carboxylic acids, their
esters, nitriles, amides and, if available, also the anhydrides,
N-vinylurea, N-vinylimidazoles and N-vinylimidazolines. Examples
of the mentioned monomers of group (b) are vinyl esters of
saturated carboxylic acids having 1 to 6 carbon atoms, such as
vinyl formate, vinyl acetate, vinyl propionate and vinyl
butyrate, monoethylenically unsaturated C3;- to Cg-carboxylic
acids, such as acrylic acid, methacrylic acid, dimethylacrylic
acid, ethacrylic acid, crotonic acid, vinylacetic acid,
allylacetic acid, maleic acid, fumaric acid, citraconic acid and
itaconic acid as well as their esters, anhydrides, amides and
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nitriles. Preferably employed anhydrides are, for example, maleic
anhydride, citraconic anhydride and itaconic anhydride.

Suitable esters which are derived, for example, from alcohols
having 1 to 6 C atoms are methyl acrylate, methyl methacrylate,
ethyl acrylate, ethyl methacrylate, isobutyl acrylate, hexyl
acrylate or glycols or polyalkylene glycols, where in each case
only one OH group of the glycols or polyglycols is esterified
with a monoethylenically unsaturated carboxylic acid, e.q.
hydroxyethyl acrylate, hydroxymethacrylate, hydroxypropyl

acrylate, hydroxypropyl methacrylate, hydroxybutyl acrylate and
hydroxybutyl methacrylate. Acrylic acid monoesters and

methacrylic acid monoesters of polyalkylene glycols of a
molecular weight of up to 10,000, preferably 1500 to 9000, and
esters of the mentioned carboxylic acids with aminoalcohols are,
additionally suitable, e.g. dimethylaminoethyl acrylate,
dimethylaminoethyl methacrylate, diethylaminoethyl acrylate,
diethylaminoethyl methylacrylate, dimethylaminopropyl
acrylate and dimethylaminopropyl methacrylate. Suitable amides
are, for example, acrylamide and methacrylamide. The basic

acrylates can be employed in the form of the free bases, the
salts with mineral acids or carboxylic acids or alternatively in
gquaternized form. Comonomers which are additionally suitable are
acrylonitrile, methacrylonitrile, N-vinylimidazole and also
substituted N-vinylimidazoles such as N-vinyl-2-methylimidazole
and N-vinyl—-2—-ethylimidazole, N-vinylimidazoline and substituted
N-vinylimidazolines, e.g. N-vinyl-2-methylimidazoline. Apart from
the monomers mentioned, it is also possible to employ monomers
comprising sulfo groups, such as, for example, vinylsulfonic
acid, allylsulfonic acid, styrenesulfonic acid and 3-sulfopropyl
acrylates as other monoethylenically unsaturated monomers.

The polymers comprising vinylamine units preferably contain
(a) 1 to 89 mol% of vinylamine ' units and

(b) 1 to 99 mol% of units of monomers from the group consisting
of open—-chain N-vinylcarboxamides, vinyl formate, vinyl
acetate, vinyl propionate, C;- to Cg~alkyl vinyl ethers,
N-vinylurea, acrylic acid, methacrylic acid, maleic acid and
also the anhydrides, esters, nitriles and amides of the
carboxylic acids mentioned, N-vinylimidazoles,
N-vinylimidazolines and/or vinyl alcohol units, the sum of
(a), (b) and (c) in mol% always being 100.
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The polymers comprising vinylamine units can additionally be
modified to the effect that monomer mixtures are employed in the
copolymerization which contain up to > mol% of a compound having
at least two ethylenically unsaturated double bonds in the
molecule as comonomer (c). Crosslinked copolymers then result
which contain up to 5 mol% of units of monomers having at least
two ethylenically unsaturated double bonds in the molecule in
copolymerized form. If crosslinkers are employed in the
copolymerization, the amount preferably used is 0.05 to 2 mol%.
The additional use of the monomer (c) brings about a molecular
weight increase of the copolymers. Suitable compounds of this
type are, for example, methylenebisacfylamide, esters of acrylic
acid or methacrylic acid with polyhydric alcohols, e.g. glycol
dimethacrylate or glyceryl trimethacrylate as well as polyols
which are esterified at least twice with acrylic acid or
methacrylic acid, such as pentaerythritol and glucose. Suitable
crosslinkers are additionally divinylethyleneurea,
divinylbenzene, N,N’-divinylurea, divinyldioxane, pentaerythritol
triallyl ether and pentaallylsucrose. Water-soluble monomers, for
example glycol diacrylate or glycol diacrylates or glycol
dimethacrylates of polyethylene glycols of a molecular weight of
up to 3000, are preferably used from this group of compounds.

The copolymers have K values of 5 to 300, preferably 10 to 200,
The K values are determined according to H. Fikentscher 1in 5%
strength aqueous sodium chloride solution at PpH 7, a temperature
of 25°C and a polymer concentration of 0.5% by weilght.

The polymers comprising vinylamine units are prepared according
to known processes by polymerizing open—-chain N~vinylcarboxamides
of the formula I with

(b) 0 to 99.9 mol% of at least one monomer from the group
consisting of vinyl formate, vinyl acetate, vinyl propionate,
Ci- to Cg¢-alkyl vinyl ethers, monoethylenically unsaturated
C;- to Cg—carboxylic acids, their esters, nitriles, amides and
anhydrides, N-vinylimidazoles and N-vinylimidazolines and

(c) 0 to 5 mols of at least one monomer having at least two
ethylenically unsaturated double bonds

in the presence or alternatively in the absence of inert solvents
or diluents. The -CO-R2 groups are then removed in a polymer-
analogous reaction with formation of vinylamine units. Since
polymerization in the absence of inert solvents or diluents
usually leads to inhomogeneous polymers, polymerization in an
inert solvent or diluent is preferred. Suitable inert diluents
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are, for example, those in which the open-chain N-vinylcarbox-
amides are soluble. Those suitable for solution polymerization
are, for example, inert solvents such as methanol, ethanol,

isopropanol, n-propanol, n-butanol, sec-butanol, tetrahydrofuran,

dioxane, water and mixtures of the 1inert solvents mentioned.
Polymerization can be carried out continuously or batchwise. It

is carried out in the presence of free radical-forming

polymerization initiators, which are employed, for example, 1n

amounts from 0.1 to 20, preferably 0.05 to 10% by weight, based
on the monomers. The polymerization can optionally be initiated
solely by the action of energy-rich radiation, e.g. electron
beams or UV rays.

In order to prepare polymers having a low K value, e.g. from 5 to
50, preferably 10 to 30, the polymerization is expediently
carried out in the presence of regulators. Suitable regulators
are, for example, organic compounds comprising sulfur in bound
form. These include, for example, mercapto compounds, such as
mercaptoethanol, mercaptopropanol, mercaptobutanol,
mercaptoacetic acid, mercaptopropionic acid, butyl mercaptan and
dodecyl mercaptan. Suitable regulators are additionally allyl
compounds, such as allyl alcohol, aldehydes, such as
formaldehyde, acetaldehyde, propionaldehyde, N-butyraldehyde and
isobutyraldehyde, formic acid, ammonium formate, propionic acid,
hydrazine sulfate and butenols. If the polymérization is carried
out in the presence of regqulators, 0.05 to 20% by weight thereof
are needed, based on the monomers employed in the polymerization.

The polymerization of the monomers is customarily carried out in
an inert gas atmosphere with exclusion of atmospheric oxygen.
During the polymerization, provision is in general made for
thorough mixing of the reaction participants. In the case of
smaller batches in which safe dissipation of the heat of
polymerization is guaranteed, the monomers can be copolymerized
batchwise by heating the reaction mixture to the polymerization
temperature and then allowing the reaction to proceed. In this
case, these temperatures are in the range from 40 to 180°C, it
being possible to work at normal pressure, reduced pressure Or
alternatively elevated pressure. Polymers having a high molecular
weight are obtained if the polymerization is carried out 1in
water. This can be carried out, for example, for the preparation
of water-soluble polymers in aqueous solution, as a water-in-oil
emulsion or according to the reverse suspension polymerization
process.
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In order to avoid hydrolysis of the monomeric N-vinylcarboxamides
during the polymerization in aqueous solution, the polymerization
is preferably carried out in a pH range from 4 to g, 1in
particular from 5 to 8. In many cases, it is recommended to
additionally work in the presence of buffers, e.g. to add primary
or secondary sodium phosphate to the aqueous phase.

By removal of groups of the formula

_C_R2
(I1),

|
O

from the monomer units of the formula III with formation of amine
or ammonium groups, the polymers comprising vinylamine units to
be used according to the invention: |

—= CHy— CH — ~— CHy—™ CH —
1; hydrolysis i L
/ \ / \
rl C—R? rl H
|
O
(IIT) | (IV)

are obtained from the polymers described above.

The substituents R! and R2 in the formulae (II) to (IV) in each
case have the meaning indicated in formula I.

The hydrolysis is preferably carried out in the presence of water
under the action of acids, bases or enzymes, but can also take
place in the absence of acids, bases or enzymes. Depending on the
reaction conditions during the hydrolysis, i.e. the amount of
acid or base, based on the polymer to be hydrolyzed, and the
reaction temperature during the hydrolysis, various degrees of
hydrolysis are obtained. The hydrolysis is carried out until 0.1
to 100 mol%, preferably 1 to 99 mol%, of the copolymerized
monomer units III are removed from the polymer. According to the
invention, those polymers are particularly preferably employed
which contain 1 to 99 mol% of vinylamine units and 1 to 99 mol%
of units of the formula III, preferably N-vinylformamide units,
the sum of the data in mol% always being 100.
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Acids suitable for the hydrolysis are, for example, mineral
acids, such as hydrogen halide (gaseous or 1in aqueous solution),
sulfuric acid, nitric acid, phosphoric acid (ortho-, meta- or
polyphosphoric acid) and organic acids, e.g. C;- to Cs—carboxylic
acids, such as formic acid, acetic acid and propionic acid, or
the aliphatic or aromatic sulfonic acids, such as methanesulfonic
acid, benzenesulfonic acid or toluenesulfonic acid. Hydrochloric
acid or sulfuric acid is preferably used for the hydrolysis.
During hydrolysis with acids the pH is 0 to 5. 0.05 to

1.5 equivalents of acid, preferably 0.4 to 1.2, for example, are
needed per formyl group equivalent in the polymer.

During hydrolysis with bases, metal hydroxides of metals of the
first and second main group of the Periodic Table can be used,
for example lithium hydroxide, sodium hydroxide, potassium
hydroxide, calcium hydroxide, strontium hydroxide and barium
hydroxide are suitable. Likewlise, however, it 1s also possible to
use ammonia and alkyl derivatives of ammonia, e.g. alkyl- or
arylamines, e.g. triethylamine, monoethanolamine, diethanolamine,
triethanolamine, morpholine or aniline. During hydrolysis with
bases the pH is 8 to 14. The bases can be employed in solid,
liquid or, if appropriate, alternatively in the gaseous state 1n
diluted or undiluted form. Bases preferably used for the
hydrolysis are ammonia, sodium hydroxide solution or potassium
hydroxide solution. Hydrolysis in the acidic or in the alkaline
pH range is carried out, for example, at temperatures from 30 to
170, preferably 50 to 120°C. It is complete after approximately 2
to 8, preferably 3 to 5, hours. A procedure has proven
particularly suitable in which, for hydrolysis, the bases or
acids are added in aqueous solution. After hydrolysis, inter
alia, a neutralization is carried out such that the pH of the
hydrolyzed polymer solution 1s 2 to 8, preferably 3 to 7. The
neutralization 1s necessary 1f a progression of the hydrolysis of
partially hydrolyzed polymers is to be avoided or delayed. The
hydrolysis can also be carried out with the aid of enzymes.

During the hydrolysis of copolymers of open—chain
N-vinylcarboxamides of the formula I and at least one of the
abovementioned suitable comonomers, optionally a further
modification of the polymers occurs in which the copolymerized
monomers are also hydrolyzed. Thus'vinyl alcohol units result,
for example, from copolymerized units of vinyl esters. Depending
on the hydrolysis conditions, the copolymerized vinyl esters can
be completely or partially hydrolyzed. In the case of partial
hydrolysis of copolymers comprising vinyl acetate units 1in
copolymerized form, the hydrolyzed copolymer gains, in addition
to unchanged vinyl acetate units, vinyl alcohol units and units
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of the formulae III and IV. Carboxylic acid units result from
units of monoethylenically unsaturated carboxylic anhydrides
during the hydrolysis. Copolymerized monoethylenically
unsaturated carboxylic acids are chemically unchanged during the
hydrolysis. However, ester and amide units hydrolyze to
carboxylic acid units. Units of amides or carboxylic acids, for
example, result from copolymerized monoethylenically unsaturated
nitriles. Vinylamine units can likewise be formed from
copolymerized N-vinylurea. The degree of hydrolysis of the
copolymerized comonomers can easily be determined analytically.

Polymers are preferably used which contain
(a) vinylamine units and

(b) N-vinylformamide, vinyl formate, vinyl acetate, vinyl
propionate, vinyl alcohol and/or N-vinylurea units

in copolymerized form. Polymers which are preferably to be
employed contain

(a) 0.1 to 100 mol% of vinylamine units or ethyleneimine units
and

(b) 0 to 99.9 mol% of N-vinylformamide units.

These polymers are either partially or completely hydrolyzed
homopolymers of vinylformamide or are polyethyleneimines.

The partially hydrolyzed homopolymers of N-vinylformamide
preferably contain

(a) 1 to 99 mol% of vinylamine units and

(b) 1 to 99 mol% of N-vinylformamide units

in copolymerized form and have a K value of 5 to 300 (determined
according to H. Fikentscher in 0.1% strength by weight aqueous
sodium chloride solution at 25°C and a polymer concentration of
0.5% by weight). Particularly preferably, those hydrolyzed
homopolymers of N-vinylformamide are employed which contain

(a) 10 to 90 mol% of vinylamine units and

(b) 10 to 90 mol% of N-vinylformamide units

L Al ha o = cDadd B Abash B ey e b ML B S ool Al dea

e e s aa e_ap___ _
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in copolymerized form and have a K value of 10 to 120 (determined
according to H. Fikentscher in 0.1% strength sodium chloride

solution at 25°C and a polymer concentration of 0.5% by weight).
The sum of (a) and (b) in mol% is always 100.

The polymers described above have a very good action against
microorganisms. They have microbicidal and microbistatic
properties. They are therefore suitable as biocidal active
compounds in the production of disinfectants and as active
compounds for the preservation of industrial products such as
dispersions, emulsions, colorants, coatings, drilling and cutting
oils and also detergents and cleansers. They can also be employed
as biocidal active compounds in paper manufacture, e.g. for slime
control, They are furthermore suitable for the biocidal finishing
of industrial products such as paints, fabrics, nonwovens and
carpet coatings and can additionally be used for the protection
of, for example, cooling water circulations and other industrial
water—conducting systems against microbial contamination. The
polymers to be used according to the invention can be used in all
detergents and cleansers. Suitable compositions for detergents
and cleansers are ihdicated, for example, in Research Disclo-

sure No. 377 26 (1995).

The K values of the polymers were determined according to
H. Fikentscher, Cellulose—-Chemie [Cellulose Chemistry],

Volume 13, 58 to 64 and 71 to 74 (1932) in 5% strength by weight

agqueous sodium chloride solution at 25°C and pH 7 and a polymer
concentration of 0.5% by weight.

Microbicidal and microbistatic properties are determined
experimentally. Very highly suitable test methods for the testing

of disinfectants have been described in detail by D. Burneff et al in an article

entitled "Guidelines for the testing and assessment of chemical disinfection
procedures" that was published by the Deutschen Gesellschatft fiir Hygiene und

Mikrobiologie [German Association for Hygiene and Microbiology], hereinafter
abbreviated DGHM, on January 01, 1981.

Tube dilution tests were carried out as disclosed the above mentioned article
published in the DGHM, whose website is www.dghm.de., using caseine
peptone-soybean flour peptone medium. Dilution was carried out using water of
standardized hardness without further auxiliaries such as, for example,
surfactants. The adjustment of the pH to 7.2 + 0.2 was carried out
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using 0.1 mol/1 NaOH or 0.1 mol/1 HCl. The grading of the test concentrations
was carried out according to the concentration stages proposed by the DGHM.

Assessment was carried out after incubation at 36°C for 72 hours.
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Table 1 which follows indicates the strain numbers of the
microorganisms and the “minimum effective concentration”

(“MIC value”). The concentrations are based on the respective
content of polymer having 97 mol% of vinylamine units and 3 mol%
of vinylformamide units. The K value of the polymer was 31l.

Table 1

2100 pon

Pseudomonas aeruginosa ATTC 15442 350 ppm
Candida albicans ATTC 10231 700 ppm

The biocidal action was also determined by measurements in a
Malthus*apparatus (Malthus Flexi M zosdf Malthus Instrument
Limited). 3 ml of TSB medium (tryptone soya broth) were added to
the outer chamber of a Malthus apparatus. 0.5 ml of sterile KOH
(0.1M) was filled into the inner chamber. The polymers to be
tested were added to the TSB medium. Concentration series were
tested in each case. The media were inoculated with 103 colony-
forming units per ml [CFU/ml] in each case. Incubation was then
carried out in the Malthus® incubator. Growing cells produce CO,,

which dissolves in the KOH of the inner chamber and thereby

alters the conductivity of the KOH. The alteration of the

conductivity is measured by the Malthus* apparatus. The detection
time for the start of growth was recorded and evaluated.

Microbistatic activity was detectable when, after inoculation,
the start of growth was delayed or failed to occur. The minimum

effective concentration (MIC value) was the lowest polymer
concentration in each case which prevented growth over a period
of 100 h (¢f. the results in Tables 2 and 3).

In Table 2, MIC values of polyvinylamine with a K value of 30 are
indicated for gram-positive and gram-negative test
microorganisms.

* trademarks
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Table 2

MIC value for polyvinylamine
[ PPm]

g T —
 mciws ewwins | s
- [_scephylooocous mres | s

Shewanella putrefaciens 1000
Vibrio parahaemolyticus 1000

20

In Table 3, MIC values are indicated for various polymers.

Table 3

25 MIC value [ppm] for

Staphy- ESsuco- Shewanella
monas
lococcus

V- utrefa-
subtilis fluores- P )
aureus ciens

Bacillus

Copolymer,

comprising

70 mol% of

vinylamine units 100
and 30 mol% of

vinyl alcohol

units, K value 49

Copolymer,

comprising

80 molt of

vinylamine units 100
and 20 mol% of

N-vinylurea units,

K value 80

For determination of the microbicidal action, dilution series in
a factor of 10 stages were set up for all test organisms of cell
suspensions having 10%® CFU/ml. For each dilution stage, the

45 respective detection time for the start of growth was measured.
Calibration curves could be derived from this which show CFU/ml
inoculation density as a function of the detection time.

A aaaa a2 . . 2 . . ______
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The polymers to be tested were added to cell suspensions of
104 CFU/ml. After 30 min, the outer chambers in the Malthus
apparatus were inoculated with 0.1 ml of this polymer-treated
cell suspension in each case. The detection time for the start of
5 growth was measured. If growth did not occur, an aliquot was
plated out on agar for checking.

With the aid of the calibration curve, the number of
colony—-forming units which had survived the polymer treatment

10 could be back—-calculated from the measured detection time.
Division by the starting microorganism count (104 CFU/ml) afforded
the destruction factor.

The indirect back-calculation of the CFU after polymer treatment

15 avoided the CFU having to be determined directly from polymer-
treated suspensions. Direct determination could have led to
misinterpretations as a result of flocculation and agglomeration
of the bacteria.

20 The microbicidal activity was determined for cells of the
stationary growth phase from the destruction factor. The minimum
effective microbicidal concentration (MBC) was the concentration
which reduced the number of CFU by 99% within 30 min. The results
are indicated in Table 4.

25
Table 4
MBC values
Strepto- Staphy- Pseud.ommes Shewanella
[sicC]
30 coccus lococcus Fluores— putrefa-

ciens

mutans aureus

eens

Polyvinylamine, 100 >2000 >2000
K value 30
Copolymer, comprising
70 mol% of vinylamine
units and 30 mol% of 100
vinyl alcohol units,
K value 49
Copolymer, comprising
500 100

80 mol% of vinylamine
units

MIC value [ppm] for [sic]
and 20 mol% of
N-vinylurea units,

K value 80

40

45




10

20

30

3.
employed contains:

CA 02248154 2005-08-24

14

CLAIMS

The use of a polymer which contains:

(a) 10 to 90 mol% of vinylamine units or ethyleneimine units,

(b) 10 to 90 mol% of units of at least one monomer from the
group consisting of N-vinylcarboxamides of the formula

1
/R
CH;==CH — N (I),
\ 2
CO—R
in which R!, R? = H or C;~ to Cg—alkyl,
vinyl formate, vinyl acetate, vinyl propionate, vinyl |
alcohol, C;- to Cg—alkyl vinyl ethers, monoethylenically
unsaturated C3- to Cg-carboxylic acids, their esters,

nitriles, amides and anhydrides, N-vinylureea,
N-vinvlimidazoles and N-vinylimidazolines and

(c) 0 to 5 mol% of units of monomers having at least two
ethylenically unsaturated double bonds, '

in copolymerized form, the sum of (a), (b) and (c) in mol%
always being 100, as biocide.

The use as claimed in claim 1, wherein the polymer employed contains:

(a) vinylamine units, and

(b) N-vinylformamide, vinyl formate, vinyl acetate, vinyl
propionate, vinyl alcohol and/or N-vinylurea units

in copolymerized form.

The use as claimed in any one of claims 1 and 2, wherein the polymer
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a) 10 to 90 mol% of vinylamine units,

D) 10 to 90 mol% of N-vinylformamide units, and

C) 0 to 5 moi% of units of monomers having at least two ethylenically
unsaturated double bounds,
in copolymerized form, the sum of (a), (b) and (c) in mol% always being 100 and
the polymer having a K value of 5 to 300 determined according to H-
Fikentscher.
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