Antimicrobial agent for the biocidal finishing of palymers, in particular of foam

materiais

Field of the Invention

The invention relates to an antimicrobial agent for the biocidal finishing of pol-
ymers, especially foam materials, based on a fine-pored foamed and fine-
grained ground silvered glass, which in addition to a silver fraction also con-

tains a fraction of zinc oxide.

Description of the Prior Art

It is known for the biocidal finishing of foam materials, especially open-pore
polyurethane-based soft foam materials, to use silver-containing glasses which
are foamed in the highest fine-pored way in the course of the solidification of
the melt and are then ground, so that a fine-grained powder is obtained with a
grain size of preferably less than 5 um. Since the porosity of the grains is main-
tained, a large specific surface is obtained which can provide a large number of
silver ions as charge carriers for the biocidal effect. The antimicrobial agent
which consists of such a silver-containing glass will be added in the usual way
to the polyol component before the polyurethane foam material which is fin-
ished in a biocidal way can be obtained by a polyaddition reaction with an iso-
cyanate conmponent under the action of a blowing agent. A fraction of the an-
timicrobial agent in the foam of approx. 2% by weight has proven to be advan-
tageous for the desired antimicrobial effect. The comparatively high costs for
the silvered glass have proved to be disadvantageous however, which glass

has a weight fraction of usually 3 to 3.5% by weight. In order to reduce the sil-



ver fraction it has already been proposed to repiace a part of the silver content
of these silvered glasses by zinc oxide, wherein a slight improvement in the an-
timicrobial effect is even obtained when these silvered glasses have a zinc ox-
ide fraction of 10 to 156% by weight at a silver fraction of 2.5 to 3% by weight.

The reductions in cost are comparatively low however.

SUMMARY OF THE INVENTION

The invention is based on the object of providing an antimicrobial agent for the
biocidal finishing of polymers, especially foam materials, of the kind mentioned
above in such a way that the antimicrobial effect can be increased under ad-

vantageous economic conditions.

This object is achieved by the invention in such a way that zinc oxide powder is

admixed to the fine-grained silvered glass.

As a result of the admixture of the zinc powder to the silvered glass, which con-
tains a zinc oxide fraction itself, the biocidal effect of the foam materials
equipped with such an antimicrobial agent can surprisingly be increased to a
considerable extent. This is astonishing because the use of a zinc oxide pow-
der in connection with a silvered glass powder without zinc fraction has a rather
adverse effect on the antimicrobial effect. As a result of the increase in the bio-
cidal effect of the antimicrobial agent in accordance with the invention, it is ei-
ther possible to utilize the higher biocidal effect or the fraction of the antimicro-
bial agent can be reduced for economic reasons without having to accept any
disadvantages in comparison with the state of the art concerning the desired

biocidal effect.

Although the effect of the fine-grained silvered glass which has a zinc oxide
fraction can advantageously be used in conjunction with an additionally ad-
mixed zinc oxide powder in connection with biocidal finishing of foam materials

for different fields of use, especially advantageous conditions are obtained in



the biocidal finishing of foam material mattresses and foam material supports
especially for use in hospitals because high hygienic demands can be fulfilled

with this biocidal finishing.

In order to ensure the desired biocidal effect for conventional applications, the
mixture of the fine-grained silvered glass and the zinc oxide powder can have a
fraction of zinc oxide powder which corresponds to twice to 20 times the quanti-
ty of the zinc oxide fraction in the silvered glass. Especially advantageous ef-
fects will be achieved when the mixture of silvered glass and zinc oxide powder
has a quantity of zinc oxide powder which corresponds to 10 to 20 times the

zinc oxide quantity in the silvered glass.

As already mentioned above, the effect of the biocidal finishing off a foam ma-
terial not only depends on the antimicrobial properties, but also on the quantity
and the specific surface of the employed agent. It is therefore recommended for
this reason to use a zinc oxide powder with a specific surface of between 2 and
10 m?#/g. Preferred are zinc oxide powders with a specific surface of between 4
and 8 m?, which corresponds to an average grain size of between 200 and 400

nm.

The silvered glasses used as antimicrobial agents are conventionally com-
posed of 9 to 14% by weight of sodium oxide, 1 to 4% by weight of potassium
oxide, 1 to 5% by weight of calcium oxide, 5 to 8% by weight of aluminium ox-
ide, 50 to 55% by weight of silicon dioxide, 5 to 10% by weight of boron triox-
ide, 2.5 to 3% by weight of silver, and 10 to 15% by weight of zinc oxide.

In order to test the effect of the antimicrobial agent in accordance with the in-
vention, this agent was added in different quantities with different fractions of
free zinc oxide to a polyol component, and said polyol component was mixed

with an isocyanate component for foaming reaction in an open vessel.



The test concerning the antimicrobial activity occurred according to the Japa-
nese industrial standard JIS Z 2801:2000. Escherichia coli (DSM 787} and
staphylococcus aureus (DSM 346) were used as test bacteria, wherein the re-
duction number IR was determined for quantify the effectiveness of the biocidal
finishing of the samples. A distinct antimicrobial effect of the evaluated samples
is given by a reduction factor of 2, which rises logarithmically with increasing

reduction factor.

The polyol component comprised 99 g of a trifunctional basic polyol (molecular
weight of 2500 to 3000 g/mal), 3.5 g of water as a blowing agent, 1.2 g of a sili-
con stabilizer and 1.3 g of a foaming catalyst. The di-isocyanate component
comprised 65 g of diphenylmethane diisocyanate with a content in the isocya-
nate group of 29.5% by weight. After the addition of an antimicrobial agent in
accordance with the invention, the isocyanate component and the polyol com-
ponent were converted by a polyaddition reaction into an open-celled soft foam

material with a weight by volume of approx. 40 kg/m?.

Example 1: 3.4 g of a silvered glass with a silver content of 3.4% by weight was
added to the polyol component. The silvered glass did not contain any zinc ox-
ide.

Example 2: 3.4 g of a silvered glass with 3.0% by weight of silver and 12% by

weight of zinc oxide were used as an antimicrobial agent.

Example 3: 3.0 g of silvered glass according to example 1 was mixed with 0.4 g
of zinc oxide with a specific surface of 2.2 m?#g for the biocidal finishing of the
foam material. This addition of zinc oxide corresponds by quantity to the zinc

oxide content of the silvered glass according to example 2.

Example 4: 3.0 g of silvered glass according to example 2 was used in accord-
ance with the invention together with 0.8 g of zinc oxide (specific surface of 2.2

mZ2/g) as an antimicrobial agent, with a ratio of approx. 1:2 being present with



respect to the molar masses of the zinc oxide bonded in the silvered glass and

the free zinc oxide.

Example 5: The employed antimicrobial agent corresponded to the one of ex-
ample 4, but 4.0 g of zinc oxide were added to the fine-grained silvered glass,

so that they molar mass ratio of 1:11 was obtained.

Example 6: 1.5 g of a silvered glass according to example 2 was mixed with 1.6
g of zinc oxide (specific surface of 2.2 m%g) into an antimicrobial agent (molar

mass ratio 1:9).

Example 7: 0.75 g of a silvered glass according to example 2 was used togeth-
er with 1.8 g of zinc oxide (specific surface of 2.2 m#g) as an antimicrobial

agent (molar mass ratio 1:20).

Example 8: an antimicrobial agent according to example 7 was used with the

difference that the specific surface of the zinc oxide was 4 m?/g.

Example 9: an antimicrobial agent according to example 7 was changed with
respect to the specific surface of the zinc oxide. The specific surface of the zinc

oxide was 6 m3/qg.

Example 10: The specific surface of the zinc oxide according to example 7 was

changed again, namely to 8 m#q.

Samples 1 to 10 of open-celled soft foam material were produced in the stated
manner with the antimicrobial agents according to the examples 1 to 10 under
conditions that correspond otherwise, and the antimicrobial activity was deter-
mined according to the Japanese industrial standard JIS Z 2801:2000 by de-
termining the reduction factor IR for escherichia coli (Gram-positive) and staph-
ylococcus aureus (Gram-negative) after a period of one week. The results are

summarised in the table below.



Sample No. ol S atreus
7 22 2.0
2 24 2.2
3 X X
3 22 X
5 3% 3.8
5 24 58
7 2.4 28
8 76 78
9 27 79
10 58 32

The reduction factors show directly that the addition of a zinc oxide powder to a
silvered glass without zinc oxide content according to example 3 does not lead
to any improvement in the antimicrobial effect in comparison to biocidal finish-
ing with a silvered glass without zine oxide content according to example 1, but
that already a silvered glass with a zinc oxide fraction leads to a slight im-
provement in the biocidal effect. Sample 4 shows that with a free zinc oxide
fraction according to twice the zinc content of the silvered glass there will al-
ready be a slight improvement in the desired effect in comparison with a sil-
vered glass without zinc oxide. The increase in the free zinc content noticeably
raises the biocidal effect, as is confirmed by sample 5. Consequently, the frac-
tion of the silvered glass can be reduced substantially in order to ensure its bio-
cidal effect which is comparable to the silvered glasses without additional free
zinc oxide powder, as is confirmed by the samples 6 and 7, which entail sub-
stantial economic advantages due to the considerably reduced content of sil-
vered glass in comparison with sample 4, without having to forego a sufficient

hiocidal effect.

The influence of the grain size of the free zinc oxide on the biocidal effect is

shown in the examples 8 to 10. The biocidal effect will increase with increasing



specific surface of the zinc oxide powder, so that the employed antimicrobial
agent can be adjusted to the respective requirements placed on the foam mate-
rial which is finished in a biocidal manner by means of this agent by means of

this influencing quantity too.



Claims:

1. An antimicrobial agent for the biocidal finishing of polymers, especially
foam materials, based on a fine-pored foamed and fine-grained ground silvered
glass, which in addition to a silver fraction also contains a fraction of zinc oxide,
characterized in that zinc oxide powder is admixed to the fine-grained silvered

glass.

2. An antimicrobial agent according to claim 1, characterized in that the
mixture of fine-grained silvered glass and the zinc oxide powder has a fraction
of zinc oxide powder which corresponds to twice to 20 times the quantity of the

zinc oxide fraction in the silvered glass.

3. An antimicrobial agent according to claim 2, characterized in that the
mixture of silvered glass and zinc oxide powder comprises a quantity of zinc
oxide powder which corresponds to 10 to 20 times the quantity of zinc oxide in

the silvered glass.

4. An antimicrobial agent according to one of the claims 1 to 3, character-
ized in that the zinc oxide powder has a specific surface of between 2 and
10 m?/g.

5. An antimicrobial agent according to claim 4, characterized in that the

zinc oxide powder has a specific surface of between 4 and 8 m#/g.



