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ABSTRACT OF THE DISCLOSURE:
The invention provides a novel antibacterial compound

and a process for producing it. Futhermore, the invention
5 provides a novel antibacterial polymer composite comprising

a polymer and the antimicrobial compositon.
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ANTIMICROBIAL COMPOSITION
BACKGROUND OF THE INVENTION:

The present invention relates to a novel anti-

microbial compound and a process for producing it. Further-
more, thé present invention relates to a novel antimicrobial
polymer composite comprising a polymer and the antimicrobial
Coﬁposition.

Inorganic aluminosilicates in which thelir alkall
metal salt component is substituted by microbicidal metals
havé been known as antimicrobial compositions but anti-
microbial compositions of the type contemplated by the
present invention that are based on silica gel have not been
known. In the conventional antimicrobial compositions based
on aluminosilicates, microbicidal metals are uniformly
distributed in their whole part including the surface and
interior. In view of the structure of those compositions,
not a large proportion of the microbicidal metals used 1s
considered to work effectively in actual applications.

Such being the case, the microbicidal metals have had to be
used in large quantities in order to insure stronger anti-
microbial activities. However, if antimicrobial composili-
tions having high contents of microbicidal metals are added
to polymers, they are discolored or stalned.

It is also known to have a silver compound retained
on a silica matrix through physical adsorption by treating
the silica with a solution of silver nitrate. A problem
with this method is that silver, being not chemically bound
to the matrix, is labile and will be readily separated or
released from the matrix.

The conventional aluminosilicate based antimicrobial
compositions are commercially available in powder form
comprising fine particles of 1 - 20 pym in size. In order
to make them convenient for use in aqueous systems, the
compositions must be formed into beads, pellets and other
shapes that have increased mechanical strength and water
resistance. In shaping the powder of cbnventional alumino-

silicate based antimicrobial compositions, a specilal

wet forming method is practiced using binders and other
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additives and the shaped part 1is then sintered at elevated
temperatures to increase its strength. However, the thus
shaped part of antimicrobial aluminosilicates (amorphous)
or antimicrobial zeolites (crystalline) are not suitable
for proionged use in aqueous systems because i1if they are
submerged in water, their water resistance deteriorates
grédually and in an extreme case they are disintegrated

to fines which are no longer effective for the intended

purpose.

SUMMARY OF THE INVENTION:

The present invention has been accomplished under

these circumstances and has as an object providing a novel
antimicrobial composition that is stable, that uses a
smaller amount of microbicidal metals and that yet exhibits
strong antimicrobial action.

Another object of the present invention is to provide
a process for producing this novel antimicrobial composition.

A further object of the present invention 1is to
provide an antimicrobial polymer composition using the novel
antimicrobial composition. |

The present inventors conducted intensive studies 1in

order to solve the aforementioned problems of the prior art

‘and found that they could be solved by providing the porous

surface of silica gel with an antimicrobial coat of an
aluminosilicate containing metal ions having microbicidal
action. The present invention has been accomplished on the
basis of this finding. The present inventors also found
that an improved antimicrobial polymer composition could be

obtained by dispersing said antimicrobial composition in a

polymer.
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In another aspect, the present invention provides an
antimicrobial composition composed of a coat of
aluminosilicate on the surface of silica gel, whereiln
said composition has a pore volume of at least 0.3 cm3/g
and a specific surface area of at least 100 mz/g, whereiln
said aluminosilicate coat is composed of either partial
or complete substituted ion-exchangeable metal (M) in the
aluminosilicate solid coating layer represented by the

formula
XMz/nO.A1203.YSi02.ZH20,

wherein x and y represent the numbers of molecules of the
metal oxide and silicon dioxide, respectively, M 1s an
ion-exchangeable metal, n is the atomic valence of M, and
z is the number of molecules of water, and whereilin said
partial or completely substituted i1on-exchangeable metal
is selected from the group consisting of silver, copper,
zinc, mercury, tin, lead, bismuth, cadmium, chromium and
mixtures thereof.

In another aspect, the present invention provides an
antimicrobial composition having an antimicrobial coat of
an aluminosilicate on the surface of silica gel, said
aluminosilicate containing metal ions having microbicidal
action.

In yet another aspect, the present invention
provides a process for producling silica gel based
antimicrobial composition comprising the steps of
chemically treating silica gel with an alkali solution
and an aluminate solution to form a coat of an
alminosilicate containing an i1on-exchangeable metal that
substantially covers the active surfaces of pores 1in the
silica gel, and treating said coat with a solution of a
salt containing the ions of at least one metal having
microbicidal action so that the microbicidal metal ions

are supported on the aluminosilicate coat by ion exhange

to form an antimicrobial coat.
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In yet another aspect, the present invention
provides an antimicrobial composition for use 1n aqueous
systems that has on the surface of silica gel an
antimicrobial coat of an aluminosilicate containing the
ions of at least one microbicidal metal selected from the
group consisting of silver and zinc.

In yet another aspect, the present invention
provides an antimicrobial polymer composition comprising
a polymer and an antimicrobial composition, wherein said
antimicrobial composition is composed of a coat of
aluminosilicate on the surface of silica gel, wherein
said composition has a pore volume of at least 0.3 cm3/g
and a specific surface area of at least 100 mz/g, wherein
said aluminosilicate coat is composed of either partial
or complete substituted ion-exchangeable metal (M) in the
aluminosilicate solid coating layer represented by the
formula xM; ,30.A1,03.yYS10,.2H20, wherein x and y
represent the numbers of molecules of the metal oxide and
silicon dioxide, respectively, M 1s an 1on-exchangeable
metal, n is the atomic valence of M, and z 1s the number
of molecules of water, wherein said partial or completely
substituted ion-exchangeable metal 1is selected from the
group consisting of silver, copper, zinc, mercury, tin,
lead, bismuth, cadmium, chromium and mixtures thereof and
wherein said polymer is a thermoplastic synthetic polymer
selected from the group consisting of polyethylene,
polypropylene, polystyrene, polyamides, polyesters,
polyvinyl alcohol, polycarbonates, polyacetals, ABS
resins, acrylic resins, fluorine resins, polyurethane
elastomers, polyester elastomers, polyvinyl chloride and
polyvinylidene chloride.

In yet another aspect, the present invention
provides an antimicrobial polymer composition comprising
a polymer and an antimicrobial composition, wherein said
antimicrobial composition is composed of a coat of
aluminosilicate on the surface of silica gel, whereiln
said composition has a pore volume of at least 0.3 cm>/ g

and a specific surface area of at least 100 mz/g, wherein

P Ta. b 2B DRI Py
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said aluminosilicate coat 1s composed of either partial
or complete substituted ion-exchangeable metal (M) in the
aluminosilicate so0lid coating layer represented by the
formula xM; ;,0.A1,03.yYS10,.ZH30, wherein x and y
represent the numbers of molecules of the metal oxide and
silicon dioxide, respectively, M is an 1on-exchangeable
metal, n i1s the atomic valence of M, and z 1s the number
of molecules of water, wherein sald partial or completely
substituted ion-exchangeable metal 1s selected from the
group consisting of silver, copper, zinc, mercury, tin,
lead, bismuth, cadmium, chromium and mixtures thereof and
wherein said polymer is a thermosetting synthetic polymer
selected from the group consisting of phenolic resins,
urea resins, melamine resins, unsaturated polyester
resins, epoxy resins and urethane resins.

In yet another aspect, the present invention
provides an antimicrobial polymer composition comprising
a polymer and an antimicrobial composition, wherein said
antimicrobial composition 1is composed of a coat of
aluminosilicate on the surface of silica gel, wherein
said composition has a pore volume of at least 0.3 cm3/g
and a specific surface area of at least 100 mz/g, whereiln
said aluminosilicate coat 1is composed of either partial
or complete substituted ion-exchangeable metal (M) in the
aluminosilicate so0lid coating layer represented by the
formula xM; ,,0.A1,03.yS10,.2ZH70, wherein X and y
represent the numbers of molecules of the metal oxide and
silicon dioxide, respectively, M 1s an ion-exchangeable
metal, n is the atomic valence of M, and z is the number
of molecules of water, wherein said partial or completely
substituted ion-exchangeable metal 1s selected from the
group consisting of silver, copper, zinc, mercury, tin,
lead, bismuth, cadmium, chromium and mixtures thereof and
wherein sald polymer 1s regenerated or semi-synthetic
polymer selected from the group consisting of rayon,
cuprammonium rayon, cellulose monoacetate, cellulose

diacetate and cellulose triacetate.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As is well known, silica gel is an amorphous porous

material that is chiefly composed of Si0,, represented by
the general formula (S10;)x (H20)y, where x and y
represent the numbers of molecules of Si0, and H»O0,
respectively. Silica gel has long been used extensively
as desiccants, adsorbents, catalyst carriers, and fillers

in paper, rubber, plastics, etc. Whilile silica gel 1is
commercilially availlable
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in granules, spherical beads or crushed products of various
sizes, most of them have a SiO, content of at least 99.5%,
with Na,0O, Fe,03, Mg0O, Ca0O, Al,03, etc. being present as
impurities in very small amounts. The physical properties
of commefcially available silica gel vary with manufacturer,
but most of the products currently sold in Japan have pHs
in-the range of 4 - 8, a true specific gravity of 2.2, pore
volumes of 0.3 - 0.8 cm3/g, specific surface areas of 100 -
800 m2/g (as measured by the BET method; unless otherwise
noted, the values of specific surface area that appear
hereinafter are those measured by the BET method), and pore
sizes of 20 - 200 B. Major sellers and manufacturers of
silica gel in Japan are Fuji Davison Co., Ltd., Asahl Glass
Co., Ltd., Mizusawa Industrial Chemicals, Ltd. and Toyota
Chemical Industries, Ltd. A major overseas manufacturer

of silica gel is Grace Chemicals, Co., which is producing
silica gel beads of different sizes (10 - 30 pm; 0.5 - 1 mm,
5 - 7).

Silica gel products presently available from Grace Chemlcals,

1 - 3 mm) and physical date (pH in suspension

Co. have pore volumes of 0.3 - 1.8 cm®/g, specific surface
areas of 20 - 750 m?2/g, and pore sizes of three different
ranges, large, medium and small. Wide porous silica gels of
XWP Series from Grace Chemicals, Co. have very large pore
sizes ranging from 250 to 1,500 A&.

The silica gel to be used as the starting material in
the present invention may be in the form of a powder, gran-
ules, beads or any other shaped parts. However, considering
the case of performing a chemical treatment on silica gel by
the method to be described below (i.e., treatment with an
alkali solution and an aluminate solution), silica gel 1in
a fine form is preferred. A more preferred type 1s porous
silica gel in which a great number of capilllary pores are
present to provide large pore sizes and specific surface
areas. For example, silica gel that is preferably used as
the starting material in the present invention has a void
volume of at least 0.3 cm3/g, and one having a vold volume

of at least 0.4 cm3®/g is more preferred. The pore size of

silica gel is preferably as large as possible, for example,
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at least 50 8, more preferably at least 70 B. The specific

surface area of silica gel is at least 100 m?/g, more

preferably at least 200 m%/g.
The silica gel material having these characteristics

18 preférred for the following reasons. First, silica gel
having the physical date listed above is very porous and

the capillary pores in it have a very active surface. If
such siliCa gel is chemically treated by the method to be
described hereinafter, whereby an aluminosilicate coat 1is
formed on the active surfaces of capillary pores, and if
microbicidal metals are retained on that coat in a stable
way by ion exchange, chemical species and metal ions that
take part in reaction will diffuse rapidly enough to permit
the intended chemical reaction to proceed smoothly on the
surfaces of pores in the silica gel. Further, as already
mentioned, the microbicidal metal in the antimicrobial
composition of the present invention is distributed substan-
tially uniformly on the surfaces of pores in silica gel 1n a
preferred way, so microbicidal metal ions formed as a result
of dissociation will diffuse rapidly through pores to insure
that those microbicidal metal ions contact bacteria or fungi
over a sufficiently large area to inhibit their growth or
kill them effectively.

Microbicidal metal ions may be any metal ions that
effectively exhibit an antimicrobial and/or microbicidal
action and such microbicidal metal ions are not limited
to any particular kinds. Typical examples of microbicidal
metal are silver, copper, zinc, mercury, tin, lead, bismuth,
cadmium and chromium, and these metals may be used either on
their own or as admixtures.

The aluminosilicate as used in the present invention
is generally represented by the following general formula:

XM20°A1203‘ySiOQ’ZH20

n
where x and y represent the numbers of molecules of the

metal oxide and silicon dioxide, respectively; M 1s an 1on-
exchangeable metal; n is the atomic valence of M; and z 1s

the number of molecules of water. M is usually a monovalent
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metal such as Li, Na or K and may sometimes be NH4+. Lt
desired, such monovalent metals or NH4+ may be substituted
either partially or totally with a divalent metal such as
Mg, Ca, Sr, Ba, Mn, Ni, Co or Fe.

The coat made of the aluminosilicate may be either
crystalline (zeolite) or amorphous or both (a combination ot
cr&stalline and amorphous phases). The thickness and compo-
sition of the aluminosilicate coat can be properly adjusted
by controlling various factors such as the physical prop-
erties of silica gel used as the starting material, the
amount of it use, alkali concentration, the amount of
addition of a aluminate, reaction temperature and time.
Irrespective of whether the aluminosilicate 1s crystalline
or amorphous, the molar ratio of SiO, to Al203 1s preferably
within the range of 1.4 - 40. Typical examples of the
aluminosilicate that can be used in the present invention
include zeolite A having a Si0O, to Al,0z molar ratio of

1.4 - 2.4, zeolite X having a SiO, to Al,03 molar ratio of

2 - 3, zeolite Y having a SiO, to Al,03 ratio of 3 - 6, an

amorphous aluminosilicate or a mixture of crystalline and
amorphous aluminosilicate that have Si0,/Al1,03 molar ratios
of 1.4 - 30.

The process for producing the antimicrobial composi-
tion of the present invention is described below. Briefly
stated, the antimicrobial composition of the present inven-
tion can be obtained by first chemically treating porous
silica gel with an alkali solution and an aluminate solution

and then forming an antimicrobial coat on the so treated

surface of the silica gel.

The alkali solution may be a solution of an alkallil
metal hydroxide such as NaOH, KOH or LiOH, with the aqueous
phase being held in an alkaline condition, for example, 1n a
pH range of 9.5 -12.5 during treatment. An example of the
aluminate solution is a solution of an alkali metal alumil-
nate such as NaAlO,, KAl1lO,, or LiAl0,. The chemical treat-
ment of silica gel with the alkali solution and the alumi-
nate solution is performed at either ambient or elevated

temperatures. As a result of this chemical treatment, S10,
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present on the surfaces of capillary pores 1in silica gel
undergoes reaction to have an aluminosilicate coat contain-
ing an ion-exchangeable metal formed on the active surfaces
of pores. Subsequently, the coat is subjected to an anti-
microbiai treatment to prepare the antimicroblal composition
of the present invention. For accelerating the microbicidal
spéed to insure excellent antimicrobial and/or microbicidal
activity, the antibacterial composition of the present
invention should have a void volume of at least 0.3 cm3/g
and a specific surface area of at least 100 m?/g.

After the chemical treatment, silica gel 1s washed
with water to remove the excess alkali and metal component
present in the solid phase. Washing with water may be
performed by either a batch method or a column method. In
the next step, silica gel 1s subjected to an ion-exchange
treatment for allowing antimicrobial and/or microbicidal
metal ions to be retained on the aluminosilicate coatl so
that 1t becomes antimicrobial and/or microbicidal. To this
end, silica gel is treated with a neutral or weakly acidic
solution of salts containing one or more microbicidal metal
jons selected from the group consisting of silver, copper,
zinc, mercury, tin, lead, bismuth, cadmium and chromium.
Useful examples of salts to be contained in the solution
include: nitrates such as AgNO3, Cu(NOsz)2, AgNOsz and
Zn(NO3 ), : sulfates such as ZnS04, SnS0s4 and CuS0,4-5n504;
perchlorates such as AgCly, Cu(ClO4)2, Zn(Cl04)2 and
Cd(Cl1l04)»: chlorides such as ZnCl, and ZnCl,-CdCl,; and
organic acid salts such as Ag-acetate, Zn-acetate, Cu-
tartrate and Cd-citrate. One or more of these microbicidal
metals are subjected to ion exchange at ambient or elevated
temperatures with the ion-exchangeable metal(M) 1in the
aluminosilicate coat, whereby a predetermined amount of the
microbicidal metal or metals are supported stably in the
coat by ionic bonding to provide it with a desired anti-
microbial activity. In this way, the silica gel based antil-
microbial composition of the present invention is prepared.

The solution containing one or more microbicidal

salts to be used in the ion-exchange treatment may also
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contain metal ions having no antimicrobial activity. The

degree by which the ion-exchangeable metal M in the alumino-

silicate coat is substituted with microbicidal metal can be
adjusted by controlling the concentration or composition of
the salt solution containing the microbicidal metal, as well
as the reaction temperature or time for ion exchange. By
coﬁtrolling the conditions for preparing the aluminosilicate
coat and the conditions for ion exchange with the bacterici-
dal metal ion, the total amount of microbicidal metals can
be maintained at constant levels, say within the range of
0.003 - 0.5 mmol/100 m? (of the surface.area of an anhydrous
antimicrobial composition). Adjusting the characteristics
of the microbicidal salt containing solution in the manner
described above, the following advantage is obtained. That
is, when microbicidal metal ions such as silver, copper

and zinc in the antimicrobial and/or microbicidal alumino-
silicate coat formed on the active surfaces of capillary

pores in silica gel undergo hydrolysis, products such as

‘oxides and basic salts are formed to contaminate the anti-

microbial coat, whereby the inherent antimicrobial and/or
microbicidal activity of the composition will deteriorate.
However, this problem can be avoided by proper adjustment
of the microbicidal salt containing solution. In place of
performing ion exchange using the microbicidal metal ion
containing solution, organic solvents such as alcohols and
esters, or mixtures of solvents and water may be used to
perform the intended ion exchange. FIor instance, 1f an
alcoholic solvent such as methyl alcohol or ethyl alcohol
is used in substituting the ion-exchangeable metal M in the
aluminosilicate coat with Sn2+ which is a highly hydrolyza-
ble microbicidal metal 1on, precipitation of SnO, SnO,,
basic tin compounds, etc. on the coat can be prevented to
insure that the antimicrobial activity of the coat will not
deteriorate.

After the treatments described above, silica gel
is washed with water until no microbicidal metal ions are
detected in the Tiltrate. Thereafter, silica gel is dried

at 100 - 110°C to complete the process of preparing the
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antimicrobial composition of the present invention. If a
specific use of the compound needs further reduction in the
water content, it may be dried under vacuum or dehydration

may be performed with the heating temperature elevated to
200 - 350 °C.

To achieve excellent antimicrobial and/or micro-
bicidal activity against bacteria and fungi or to 1nsure
anti-algal effect, the total content of microbicidal metals
in the antimicrobial composition of the present invention 1s
preferably at least 0.003 mmol/100 m? (of the surtface area
of the composition in anhydrous state), more preferably at
1east 0.005 mmol/100 m2. Usually, the range of 0.03 -

0.5 mmol/100 m2 will suffice. If two or more microbicidal
metals are used, their sum is preferably within the ranges

set forth above.

The present invention also provides an antimicrobial
polymer composition that is chiefly composed of a polymer

and the antimicrobial composition described above. A
detailed discussion of this polymer composition is given
below.

Both halogenated and non-halogenated organic polymers
may be used in preparing the antimicrobial polymer COomposi-
tion of the present invention. Non-halogenated organic

polymers may be synthetic or semi-synthetic and include,
but not limited to, the following:

Thermoplastic synthetic polymers such as poly-
ethylene, polypropylene, polystyrene, polyamide, polyesters,
polyvinyl alcohol, polycarbonates, polyacetals, ABS resins,

acrylic resins, fluorine resins, polyurethane elastomers and

polyester elastomers; thermosetting synthetic polymers such
as phenolic resins, urea resins, melamine resins, unsatu-
rated polyester resins, epoxy resins and urethane resins;
and regenerated or semi-synthetic polymers such as rayon,
cuprammonium rayon, cellulose monoacetate, cellulose
diacetate and cellulose triacetate. If a strong anti-
microbial and/or microbicidal effect is necessary, the
polymer composition is preferably foamed or otherwise shaped

into a net, a fiber, etc. Preferred from this viewpolnt are
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organic or fiber-forming polymers such as synthetic polymers
exemplified by nylon 6, nylon 66, polyvinyl alcohol,
polyethylene terephthalate, polybutylene terephthalate,
polyacrylonitrile, polyethylene, polypropylene and
copolymérs thereof, and regenerated or semi-synthetic
polymers exemplified by rayon, cuprammonium rayon,'cellulose
monoacetate, cellulose diacetate and cellulose triacetate.
Halogenated organic polymers that can be used in the present
invention also are not limited to any particular Kinds and
may be exemplified by polyvinyl chloride and polyvinylidene
chloride.

| The time at which the silica gel based antimicrobilal
composition 1s added to the polymer and the method by which
it is added are not limited in any particular way in the
present invention. For example, the antimicrobial cCOmpos1-
tion may be mixed with a starting monomer and the mixture 1is
then polymerized. In another method, the composition may be
mixed with a reaction intermediate and the mixture is then
polymerized. Alternatively, the composition may be mixed
with the completed polymer. if desired, the silica gel
based antimicrobial is mixed with polymer pellets or a
master batch is prepared from a polymer containing said
composition and the mixture or master batch 1s shaped to a
desired form. In still another method, the antimicrobial
composition is mixed with a molding dope, for example, a
spinning solution. The procedure of these methods 1s here-
inafter referred to simply as "mixing the silica gel based
antimicrobial composition with a polymer of adding it to

the polymer". A suitable method may be adopted taking into
account the characteristics of the polymer used and process
conditions. In ordinary cases, the silica gel based compo-
sition is desirably mixed with the polymer just before
molding. However, in order to insure more efficient disper-
sion of the silica gel based antimicrobial composition,

it may be mixed with a monomer. Prior to addition to a
polymer, the antimicrobial composition may advantageously
be dried or heat-treated as already mentioned hereinabove.

When a predetermined amount of the antimicrobial composition
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is to be added to a polymer, the atmosphere (e.g. an ox1diz-
ing atmosphere such as the air or an inert gas atmosphere
such as N, or CO,), the temperature for mixing Or the mixing
timg may be held at preferred conditions in accordance with
the speéific characteristics of the polymer used. The
silica gel based antimicrobial composition is preferably
used in an amount of 0.01 - 20 wt% of the total weight of
the polymer composition. If the content of the silica gel
based composition is less than 0.01 wt% of the total weight
of the polymer composition, the antimicrobial and/or micro-
bicidal activity of the polymer composition is often
unsatisfactory against common bacteria and fungi. If the
content of the silica gel based composition is more that

20 wt% of the total weight of the polymer composition, the
antimicrobial and/or microbicidal activity of the resulting
polymer composition is saturated and any further addition of
the silica gel based composition will not contribute to an
improved antimicrobial and/or microbicidal action. Further-
more, excessive addition of the silica gel based composition
has the potential to deteriorate the physical properties of
the finally obtained polymer compsition.

The particle size of the silica gel based anti-
microbial composition that is advantageously used to produce
the antimicrobial polymer composition of the present inven-
tion is discussed below. While there is no particular
limitation on the particle size of said composition, there
is of course a preferred range depending on the specific use
of the final product. For example, particles of the anti-
microbial composition with sizes of 30 - 100 mesh can be
used for mixing with the polymer but in order to insure more
uniform dispersion in the polymer, smaller particles, for
example, those having sizes of 200 - 300 mesh or much finer
particles with sizes of from several microns to less than a
hundred microns, may be used.

The particle size of the antimicrobial composition .
may be adjusted by selecting the particle size of the start-
ing silica gel or by pulverizing the prepared silica gel

based antimicrobial composition with a mill that is selected
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as appropriate for a specific purpose. When the anti-
microbial polymer composition of the present invention 1s a
shaped part having a certain thickness, for example, 1N the
case where it is to be applied to various types of con-
tainers, pipes, granules of £ilaments of large denier, the
5111ca gel based antimicroblal composition may have particle
sizes of up to less than a hundred to less than a thousand
microns or even more. I1If, on the other hand, the polymer
composition is to be shaped into fibers of fine denier or
thin films, the particle size of the silica gel based anti-
microbial composition is desirably small. For example, 1n
the case of manufacturing fibers for apparel, particle slzes

of not more than 6 microns are preferred.

In addition to the silica gel based antimicrobial
composition, the antimicrobial polymer composition of the
present invention may contain other ingredients that are
commonly used in the art. Examples of such secondary
ingredients include: polymerization catalysts, stabillizers,

weathering (lightfast) agents, compounding agents, antl-

oxidants. activators, matting agents, foaming agents, flame
retardants, modifiers, brighteners, pigments (colorants),
inorganic or organic fillers, various plasticizers, and

1ubricants. These additives may be incorporated as

required. The antibacterial polymer composition of the
present invention may al1so contain liquids or organilc

solvents. When said composition 1s TO be used as a shaped

part, its shape and size are in no way limited. 1In order to
provide the shaped part with an antimicrobial and/or micro-
hicidal activity, it may be imparted to the whole part of
the polymer, or if desired, ToO only part thereof. When the

microbicidal polymer composition of the present invention

is shaped part, 1Ts microbicidal action is considered to be
largely dependent on the silica gel based antimicrobilal
composition present near the surface of the shaped part, sO
it may be advisable to provide the shaped part with a multl-

laver structure and treat 1its outer layer to acquire a

microbicidal activity. in the case of fibers, a core/sheath
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technique, with the antimicrobial polymer composition of the
present invention belng used as the sheath component.

The present invention further provides an antl-

microbial composition for use 1n aqueous systems that

5 comprised silica gel having on its surface a coat of
sluminosilicate containing at least one microbicidal metal
son selected from the group consisting of silver and zilnc.
This antimicrobial composition has been proposed with a view

to improving the known microbicides for use 1n aqueous

10 systems. This antimicrobial cO position has the followling

two major advantages: there is no particular need to shape

this composition in the manner described in connection with

the antimicrobial zeolite; 1T can be easily shaped 1n

granules of various slzes (large, medium and small) spheril-

15 cal beads and other forms by selecting the shape of the
starting silica gel 1in sccordance with a specific object.
Further, the antimicrobilal composition of the present
invention for use in aqueous sysilems has by far greater
mechanical strength and water resistance than the shaped

20 part of known antimicroblal Zeolites, and it will not
readily disintegrate into fine particles in water and hence

withstand prolonged use 1n aqueous systems. As a further

advantage, the antimicrobial and/or microbicidal activity of

this composition against bacteria and fungi is remarkable

5 and it is capable of inhibiting or killing microorganisms 1in
3 shorter time than known antimicrobial zeolites. 1In other
words., the microbicidal speed of the composition 1s surpris-

ingly high.

If the composition contains silver as the sole MiICro-

30 bicidal metal, its total content 1s preferably at least

0 0003 mmol, more preferably at least 0.005 mmol, per 100 m*

of the surface area of the compositlon in anhydrous state 1n

order to insure that the composition will exhibit strong

antimicrobial and/or microbicidal action against bacterila

35 and fungi, as well as good antialgal effect. If the compo-
sition contains both silver and zlnc as microbicidal metals,
+he total contents of silver and zinc are preferably at

least 0.0002 mmol and 0.02 mmol |, respectively, per 100 m?
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" If the composition contains zinc as the sole microbicidal

metal, its total content 1s preferably at least 0.08 mmo 1

per 100 m* of the surface area of the composition in anhydr-

ous state. In order to insure that the antimicrobial

composition of the present invention will exhibit satisfac-
tofy antimicrobial and/or microbicidal effect in water over
a prolonged time, a predetermined amount of the composition
may be used after the content of a microbicidal metal of
interest is adjusted to a value not less than its lower

limit specified above in accordance with the quality of

water to be treated with that compositlion. In performing
antimicrobial and/or microbicidal treatment on ordinary
aqueous systems, the compositlon in which the total content
of microbicidal metal is adjusted to lie within the range
of 0.0002 - 0.5 mmol per 100 m? of the surface area of the

composition in anhydrous state may be added in the necessary

amount as appropriate for the quality of water to be
treated.

The antimicrobial composition of the present inven-

tion for use in aqueous systems preferably has a void volume

of at least 0.3 cm3/g and a specific surface area of at

least 100 m2/g in order to insure that said composition

exhibits satisfactory microbicidal action at an increased

speed.

The silica gel based antimicrobilal composition of the

present invention and the antimicrobial polymer composition

which uses it have the following features and advantages.

First, silica gel used as the matriX of the anti-

microbial composition is porous and the pores in it have an

active surface. Hence, chemical speciles and metal ions will
diffuse rapidly during the formation of an aluminosilicate
coat and ion exchange, whereby the intended chemical reac-
tion will proceed smoothly to facilitate the production of

an antimicrobial composition having desired performance.
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microbicidal metal ions formed as a result of dissociation
of the composition will readlly diffuse through the pores TO
have easy access TO microorganisms. On the other hand, the
pores in Known aluminosilicate based antimicrobial composi-
tions. such as antimicrobial zeollites, are SO small in size
that microbicidal metal ions formed as a result of dissocia-
tion will diffuse very slowly and sometimes fail to have
contact with microorganisms. Hence even if the apparent
specific surface area 1S increased by using porous alumino-
silicate particles, the area over which a microbicidal metal
makes effective contact with microorganisms will not
inecrease so much as to enhance thelr antimicrobial perfor-
mance to a desired level. This 1s because the effectiveness

of the microbicidal metal present on the surface of the

matrix is reduced by "dead spaces’ where it is unable TO

have contact with microorganlsms.

The antimicrobial composition of the present inven-

tion does not have this problem and all microbicidal metals

that are present on the surface of the matrix work effec-

tively by contacting microorganlisms.

Further, the silica gel matrix 1s covered with an

aluminosilicate substituted by a microbicidal metal, so the

amount of "wasted" microbicidal metal which is occluded

within the matrix and hence prevented from contact with

icroorganisms is substantially reduced.

Recause of these two factors, the "effective avail-
ability"” of the microbicidal metal, namely, the proportion
of the metal used that is occupied by the metal present on
the surface, is markedly increased to 1lnsure that the compo-
sition of the present invention need be used in a smaller
amount to exhibit satisfactory antimicrobial performance.

Hence, this composition can be mixed with a polymer

to produce an effective antimicrobial polymer compositlon
without causing staining or discoloration which would other-
wise occur if a microbicidal metal 1s used in a large

amount.
The antimicrobial composition of the present inven-

tion has the following additional features oOr advantages.
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(1) T+ is totally composed of inorganic components and
the microbicidal metal in it is stably held on the matrix by
ionic bonding. Even if the composition is added or mixed
with a polymer, the release oOr separation of the micro-
hicidal metal is negligible. Hence, the antimicrobial
polymer based on this composition has the advantage that its
antimicrobial effect will be sustained for a longer period
than +hat exhibited by polymers containing organic anti-
microbial agents. Needless, the evaporation loss of the
particles in the polymer is nil.

(2) The antimicrobial composition of the present inven-
tion has no toxicity, is highly safe to the human body and
can be handled with great ease.

(3) The antimicrobial composition to be used in the
present invention can not only be added and mixed with
various polymers 1n an easy way but it can also be dispersed

uniformly to provide a homogeneous polymer composition.

(4 ) The antimicrobial composition has a stable structure
and its heat resisting and wearthering properties are
excellent. When this composition 1s used to prepare a
microbicidal polymer, 1ts presence will neither deteriorate
the phy51cal properties of the polymer nor does it adversely
affect the heat resistance Or weatherability of the polymer
composition.

(5) The antimicrobial composition of the present inven-

tion has a broad antimicrobial spectrum and proves effective

against many bacterial and fungi. It is also anticipated to

work as an antialgal agent.

(6) Commercial products of synthetic zeolites contain
free alkalies in significant amounts (pH 1n 1 g of an
aqueous suspension = 11.0 - 12). Antimicrobial zeolltes are
prepared from these materilals by ion exchange. In this
case, the free alkalies in the starting zeolite will cause
extensive adverse effects on the qualltly of the anti-

microbial zeolite. Thus, it is necessary 1O adopt an addi-

tional step of removing the free alkalies from zeolite. In
contrast, the preparation of the antimicrobial composition

+o be used in the present invention involves a treatment 1in
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a weakly alkaline range as already mentioned above, SO there

is no particular need to remove €XCESS alkali. In other

words, alkalies do not present any problem in the prepara-
tion of phe composition of the present invention and the
finally obtained composition is free from alkaliles.

(7) The antimicrobial composition TO be used in the
prééent invention is based on sililca gel, so when it 1s
added to or mixed with a polymer, it exhibits not only
antimicrobial and/or microbicidal effect but also the
inherent action of silica gel as a filler.

(8) The antimicrobial composition of the present inven-
tion is useful for the purpose of providing antimicrobilal
property for paints, pigments, paper, rubber, etc. Further,
the composition has the potential to be used for the purpose
of providing antimicrobial and/or microbicidal property for
various coatings, and for the purpose of providing anti-

microbial property for construction materials such as jolintT

fillers, wall materials and tiles. Another potential applil-

cation of the composition is 1n water treatment.
(9) According to the present invention, polymer COmMPOS1~—

tions can be rendered partially Or totally resistant To

microorganisms. Further, such antimicrobial polymer COmpO-

sitions have the ability TO provide antimicrobilal and/or

iecrobicidal property for the atmosphere (gas Or liquid

phase) with which they make contactT.
(10) The antimicrobial polymer composition of the present
invention also has the potential TO be used in applications

where deodoring, dehumidification and keeping of freshness

are required.
(11) The present invention can be utilized to provide

antimicrobial and/or microbicidal property to various
polymers including halogenated and non-halogenated organic
polymers. The antimicrobial composition of the present
invention could be used not only for the purpose of providlg
antimicrobial property for varlous waxed, paints, pigments,
paper, adhesilves, coatings and construction materials (e.g.
joint fillers, wall materials and tiles) but also in water

treatment. The antimicrobial composition of the present
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invention can also be used to provide antimicrobial property
for polymer jackets on optical fibers.

(12) The antimicrobial composition of the present inven-
tion for use in aqueous systems has high water and wear
resistance. Even if it is used in water, it remains intact
for a long time, with only negligible disintegration into
fiﬁes.

(13) When the antimicrobial composition of the present
invention is used in water for microbicidal purposes, the
microbicidal metal present 1in pores in silica gel exhiblt a
very high availability (i.e. the composition has a higher

efficiency of utilization than known antimicrobilal

zeolites).
(14) The antimicrobial composition of the present inven-
tion for use in aqueous system 1S effective not only against
common bacterial and fungi but also against algae.

The following examples are provided for the purpose
of further illustrating the present invention but are 1n no
way to be taken as limiting.

Example 1

This example relates to the preparation of an antl-
microbial composition accordilng TO the present invention
that uses silica gel as a matrix and that contains sllver as

a microbicidal metal.

Three liters of desalted water was added to ca.
1.4 kg of crushed silica gel (product of Nishio Kogyo K.K.;
specific surface area, 450 m2/g; pore size, 75 &, void
volume. 0.8 mQ/g; particle size, 50 - 80 mesh). The mixture
was stirred at 450 - 500 rpm to form a homogenous siurry.
To the slurry, a 0.5 N solution of sodium hydroxide was
added slowly until the pH of the slurry was finally adjusted
6 9.5 - 10.0. Then, ca. 63 g of NaAlO, dissolved in 3 g of
water was added to the slurry and the miXture was stirred at
20 - 30°C for ca. 12 hours at 450 - 500 rpm. After stir-

ring, the mixture was filtered and the solid phase was

washed with water to remove exXCess a1kali and unreacted
NaAlO,. During the washing, the pH of the filtrate was

held at about 9. To the solid phase, a solution of silver
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nitrate (aq. sol. containing ca. 0.88 M AgNOs3) was added and
the resulting mixture was stirred continuously at 450 -

550 rpm over a period of about 7 hours. During the stir-
ring, the mixture was held at room temperature (20 - 21°C).
The above procedure substantially completed the preparation
of_gn antimicrobial composition contalning microbicidal
silver ions. After the end of the reaction, the product was
filtered and washed to remove e€XCE€SS Ag+from the solid
phase. The washed product was dried at 100 - 110°C to
obtain a silica gel based antimicrobial composition contaln-
ing silver as a microbicidal metal.

The antimicrobial composition of the present inven-

tion prepared in Example 1 had a specific surface area of
324 m2/g (as measured by N, gas adsorption in the BET
method) and a void volume of 0.72 cm3/g. The amount of
silver as determined was 4.90% (on an anhydrous basis). The
composition contained 0.14 mmol of silver per 100 m? of the

surface area on an anhydrous basis.

Table 1 : Antimicrobial Composition (Example 1)

Specific surface area Microbicidal metal (Ag)
(m?/g) in mmol/100 m?
324 - 0.14
Example 2

This example relates to the preparation of an antl-

iecrobial composition according to the present invention

+hat uses silica gel as a matrix and that contailns both
silver and zinc as microbicidal metals.

Desalted water (2.5 2) was added to ca. 1.3 kg of

spherical silica gel beads (product of Toyota K.K.; speclifilc
curface area, 450 m2/g; pore size, 60 &; void volume,
0.75 cm3/g: particle size; 40 mesh pass). The mixture was
stirred at 400 - 450 rpm to form a homogeneous slurry. To
the slurry, a 0.5 N solution of sodlium hvdroxide was added
slowly until the pH of the slurry was finally adjusted to

9 5 - 10.0. Then, ca. 2.6 £ of an aqueous solution of

sodium aluminate (0.27 mol/R) was added to the slurry, which
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was stirred at 20 - 23°C for ca. 15 hours at 450 - 500 rpm
to form an aluminosilicate coat on the surfaces of pores 1n
the silica gel. Subsequently, the mixture was filtered and
the solid phase was washed with water to remove eXcCessS
a1kali and unreacted sodium aluminate. During the washing,
the pH of the filtratre was held at ca. 8. A mixture of
Agﬁbg and Zn(NOs), (an aqueous solution of 0.6 M AgNOs and
0.2 M Zn(NOz)»: pH = 4.1) was added to the washed solid
phase and the resulting mixture was held at 20 - 21 °C and
stirred continuously at 450 - 500 rpm over a period of ca.
15 hours. By the above procedure of ion exchange reaction,

an antimicrobial composition containing silver and zlnc as

microbicidal metals was prepared. The composition was

filtered and washed to remove excess silver and zinc fro

the solid phase. The washed product was dried at 100 -

110°C to prepare a silica gel based antimicrobial composl-

tion containing both silver and zinc as microbicidal metals.
The antimicrobial composition of the present 1nven-

tion prepared in Example 2 had a specific surface area of

319 m2/g (as measured by N, gas adsorption in the BET

method) and a void volume of 0.67 cm3/g. The amounts of

silver and zinc as determined were 3.79% and 0.83% (on an
anhydrous basis). The composition contained silver and zinc

in amounts of 0.11 mmol and 0.04 mmol, respectively, Der

100 m2 of the surface area on an anhydrous basis.

Table 2
Antimicrobial Composition (Example 2)
Microbicidal metal
Specific surface area in mmol/100 m“
(m?/g) ! ;
Ag | Zn
319 0.11 ; 0.04 |

In order to compare the antimicrobial activity of
the composition prepared in Example 2 with that of a Known
antimicrobial zeolite, a test was conducted under the same

conditions according to the "shake flask method” reviewed DYy

the Fibrous Product Sanitary Processing Conference”. In the
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test. Escherichia coli and Staphylococcus aureus were used

a5 test bacteria. The antimicrobial zeolite used as a

comparative sample was dried fine powder of NaAgZnZ (3.97%

Ag and 1.27% Zn on an anhydrous basis; Z = the matrix of

zeolite A). The test procedure was as follows.

(a) A suspension (1/15 M; pH 7.2) contalining ca. 108

cells of a test bacterium was prepared and diluted appropri-
ately for the test.

(b) Test by the shake flask method: The test sample (the

dried powder of known antimicrobial 7eolite or the anti-

microbial composition of Example 2) was taken in an amount
of 0.005 g into a 200-ml volumetric flask. A phosphate

huffer solution and the suspension of test bacterlium were

added to make a total volume of 50 ml, with the number of

cells being adjusted to 10® per ml.

(c) Test bacteria: Escherichia coli (IF0-12734) and
Staphylococcus aureus (IF0-12732)
(d) Medimu: Mueller Hinton 2 (BBL)

The test results are shown in tables 3 and 4 below,

in which the data for a control containing no antimicroblal

agent is also shown.

Table 3

Comparison of Antimicrobial Activity Between
Antimicrobial Zeolite and the Antimicroblal
Composition of Example 2 (Test bacterlum:
E. coli; Initial cell count: 5.6 x 10°/m&;
total liquid volume: 50 m2)

Antimicrobial L No. of viable cells
agent Antimlcro- per ml
bial metal | |
Type Amount _ content O 10 30 (min)
ﬁntimicro—
ial 5 mg/50 mg Ag=0.20 mg a o

zveollte (0.1 mg/mf) | Zn=0.06 mg 5.6x10%11.1x10 0
(NaAgZnZ)

6 3
‘Ostion of (O.l mg/mg) 7n=0 .04 me 5.6x10 8.9x10 O 5
Example 2 |
) |
No Anti- i
Control microbial 5.6x10615.4x108|5.2x10°
agent added |
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Each of the antimicrobial zeolite and the anti-
microbial composition of Example 2 which were subjected to
the antimicrobial activity test under discussion contained
both silver and zilnc as microbicidal metals and the former
contained these metals in slightly larger amounts than the
1aﬁter. However, as Table 3 shows, the antimicroblal COmpoO-
sition of the present invention exhibited greater anti-

microbial activity against Escherichia coli in view of the

high rate at which the number of cells decreased with time.

After the passage of 10 minutes, the cell count in the

suspension containing the antimicrobial zeolite was 1.1 X
108 per mQ (death rate, 80.36%) but the number of viable
cells in the suspension containing the antimicrobial
composition of Example 2 decreased to a much smaller level
of 8.9 x 10°/mQ (death rate, 99.84%) .

In the test using Staphyvlococcus aureus (see Table

4), the number of viable célls in the suspension contalnlng
antimicrobial zeolite was 6.4 x 10%/mQ after the passage
of 30 minutes and the death rate was 95.47%. On the other

hand, the viable cell count in the suspension containing the
antimicrobial composition of Example 2 was 5.2 X 10/mQ at
10 minutes and almost all cells had been killed. After the
passage of 15 minutes, the death rate was 100%. Table 4

clearly shows that the attenuation rate of Staphylococcus

aureus was by far faster when the antimicrobial composition

of the present invention than when the known antimicrobilal
zeolite was used.

The results of the antimicrobial activity test
revealed that the antimicrobial composition of the present
invention is superior to the known antimicrobial zeollte 1n
antimicrobial action. This is an important point worth
particular mention. The difference between the two anti-
microbial agents in antimicrobial and/or microbicidal effect
would originate from their essential structural difference.
The antimicrobial composition of the present invention has a
silicon-oxgen skeletal structure based on amorphous silica
cel whereas the known antimicrobial zeolite is crystalline

and has a silicon-oxgen-aluminum skeletal structure.
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Because of this obvious structural difference, the tTwo
antimicrobial agents will unavoidably differ in physical
properties. For example, both agents are porous but the
size of pores in the matrix is much greater in the anti-
microbial composition of the present invention than in the
antimicrobial zeolite. There is another difference and that

is in the distribution of bactericidal metals. In the

composition of the present invention, microbicidal metals
are distributed on the surface of pores, substantially by
jonic bonding. On the other hand, in the Kknown anti-
microbial zeolite, microbicidal metals are distributed
uniformly in the zeolite matrix. When this structural
difference is taken 1nto account together with the arrival

of microorganisms through diffusion at the active sites

where microbicidal metals are coordinated and the area of

contact between the microorganism and microbicidal metal,
the composition of the present invention is by far advan-
tageous over the known antimicrobial zeolite. In addition,

the efficiency of utilization of microbicidal metals for

antimicrobial and/or microbicidal purposes is higher in the

composition of the present invention than in the known

antimicrobial zeolite. The pores present in the matrix of

the known antimicrobial zeolite have such a small size that

depending on the kind of microorganisms, the diffusion rate
will decrease. Further, microbicidal metal ions formed as a

result of dissociation will diffuse so slowly that an unduly

long time is taken for those metal ions to contact micro-

organisms or, in an extreme case, such contact is entirely

impossible. These phenomena will contribute tTo a lower
efficiency of utilization of microbicidal metals 1n the
antimicrobial zeollte.

Example 3

This example relates to the preparation of an antil-

microbial composition according to the present invention

that uses silica gel as a matrix and that contalins copper as

a microbicidal metal.
Desalted water (1.7 £) was added to ca. 0.9 kg of

silica gel (ID silica gel of Nishio Kogyo K.K.; specific
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surface area, 310 m2/g; pore size, 150 &; void volume,

1.2 mQ/g: particle size, 50 - 80 mesh). The mixture was
stirred at 450 - 500 rpm to form a homogeneous slurry. To
the slurry, a 0.5 N sodium hydroxide solution was slowly
added until the pH of the slurry was finally adjusted to
9.5 - 10.0. Then, an aqueous solution of sodium aluminate
prepared by dissolving ca. 100 g of NaAlO, in 1.8 ¢ of water
was added to the slurry, which was stirred at 30 - 32°C for
ca. 16 hours at 450 - 500 rpm. After these treatments, the
silica gel was packed in an ion-exchange column having an
inside diameter of 50 mm and washed with water at a fTlow
rate of 4 - 5 m2/min to remove excess alkali and unreacted

NaAlO,, with the pH of the effluent from the washed column

being held at 9. Subsequently, the packing in the column
was treated with an excess aqueous solution of cupric
nitrate (pH 4.0). Stated more specifically, the column
packing was treated with an aqueous solution of Cu(NOz})»
containing 2.5 - 3 equivalents of Na in the NaAlO, solution.

The liquid temperature was 20 - 22°C and the flow rate was
3 - 4 m@/min. After the ion exchange, the column packing
was washed with water at a flow rate of 4 - 5 mf/min to

remove e€XCessS Cu‘2+ from the solid phase. After the washing,

the column packing was recovered and dried at 100 - 110 °C to

prepare a silica gel based antimicrobial composition

containing copper as a microbicidal metal.

The antimicrobial composition of the present inven-

tion prepared in Example 3 had a specific surface area of
248 m2/g (as measured by N, gas adsorption in the BET
method) and a void volume of 1.04 cm3®/g. The amount of
copper as determined was 4.25% (on an anhydrous basis). The
composition contained copper in an amount of 0.27 mmol per

100 m2 of the surface area on an anhydrous basls.

Table 5 : Antimicrobial Composition (Example 3)

Specific surface area Microbicidal metal (Cu)
(m?/g) in mmol/100m?

248 0.27
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The antimicrobial powder of the silica gel based

compositions of the present invention is discussed below.

Inhibition Zone Formation TestT

An inhibition zone formation test was conducted by

the method summarized below.
(l)- The test sample (the dried product of the anti-

microbial composition prepared in Example 1 or 2) was
suspended at a concentration of 100 mg/mf and impregnated 1n
a disk.

(2) For the growth of bacteria, a Mueller Hinton medium
was used, and for the growth of fungi, a Sabouraud’'s agar
medium was used.

(3) The test microorganism was suspended in physiological

saline at a concentration of 108 cells/mf and 0.1 mf of the

suspension was dispersed in the medial with a Conradi's rod.

(4) The disk impregnated with the test sample was plated

on the media.
(5) As for the bacteria. the disks were checked for the

formation of an inhibition zone after the passage of 138
hours at 37°C. As for the fungi, the disks were checked for

the formation of an inhibition zone after the passage of one

week at 30°C. The results are shown in Table 6 below.
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Table 6

Fvaluation of Antimicrobial Activity
(Inhibition Zone Formation)

f
~Antimicrobial Silica Gel
composltlon Example 1 | Example 2 m;igiizinﬁsed
Microorganism in Examplie 1
Eschirichia . . -
coll
Staphylococcus . . -
aureus
| _
Pseudomonas . . -
aeruginosa
Aspergillus ) . -
flavus
Aspergillus . | N - |
niger | |
+ : Inhibition zone formed

-~ + No inhibition zone formed

The antimicrobial composition prepared iﬁ Example 1

which contained Ag as a microbicidal metal and the anti-

icrobial composition prepared in Example 2 which contained

both Ag and Zn as microbicidal metals were effective against

both bacterial Escherichia coli, Staphylococcus aureus and

Pseudomonas aeruginosa and fungal Asperigillus flavus and

Aspergillus niger, forming an inhibition zone in all of

these five cases. The "silica gel" mentioned in Table 6 was

the silica gel used as the starting material in the prepara-

tion of the antimicrobial composition in Example 1. Having

no antimicrobial activity, this silica gel did not form any

inhibition zone as indicated in Table 6.

Death Rate Measurement

Ope milliliter of a suspension containing 10°/mf of

pores of Aspergillus niger or Aspergillus flavus was

injected and mixed with 9 m2 of a suspension of the test
sample (the dried product of the antimicroblal composition
prepared in Example 1, 2 or 3) at a concentration of

500 mg/mf and the mixture was left to stand at 30 °C for

24 hours. A portion (0.1 m2) of the mixture was dispersed
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in a Sabouraud's agar medium and cultured at 30°C for 48

‘hours. The number of viable cells was counted to determine

the death rate of each fungus. The results are shown in

Table 7.
Table 7 : Measurement of Death Rate
Ant1m1c§o§1al Death Rate (%)
composlitlion
Aspergillus Aspergilllus
flavus niger
Example - 1 100 100
Example - 2 100 100
Example - 3 96 81

The antimicrobial compositions prepared in Examples 1

and 2 had a 100% death rate for Aspergillus flavus and

Aspergillus niger, indicating the strong fungicidal action

of the compositions. The antimicrobilal composition prepared

5 in Example 38 also had good antifungal effect as already

demonstrated in Example 3.

Method of Testing Antimicrobial Activity in Examples 4 - 8

and Comparative Example

Additional samples were prepared in Examples 4 - 8
10 and Comparative Example and their performance was evaluated
by an antimicrobial activity test in the manner to be
described below. When the test samples were shaped 1n a
plate, film or sheet form, the test was conducted by spray-
ing, whereas the samples in the form of monofilaments were
15 tested by the "shake flask method” specified by the Fibrous

Product Sanitary Processing Conference.

(I) Preparation of a cell suspension of bacterium:
The cells of a test bacterium that had been
cultivated in a common agar medium at 37°C for 18 hours
20 were suspended in a phosphate buffer (1/15 M; pH 7.2) at a
concentration of 108 cells/mQ and diluted as appropriate for
the test.
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(II) Preparation of a cell suspension of fungus:

Conidia of a test fungus that had been cultivated on
a slant potato dextrose agar medium at 25°C for 7 days were
suspended 1in physiological saline containing sterile 0.00%
polysorbate to prepare a suspension at a concentration of
107 cells/mQ, which was diluted as appropriate for the test.
(III) Antimicrobial activity test by the spray method:

The surface of a test piece (50 x 50 X ca. 1.0 mm
except for a film which was 30 um thick) cleaned with
alcohol-impregnatd absorbent wadding was sprayed with a

predetermined amount of cell suspension and stored at 35 °C

for a predetermined time. Before measurement, the cells on

the test piece were washed off and the number of cells 1m

+he washings was counted.
(IV) Antimicrobial activity test by the shake flask method:

One gram of a test piece (monofilament) was put 1nto
4 200-mQ volumetric conical flask containing 70 m& of a
phosphate buffer. The flask was further charged with a
suspension of test microorganism at a concentration of
104 cells/mQ and shaken at 25 * 5°C and the number of viable

cells was content at given time intervals.

(V) Test microorganlsm: Staphylococcus aureus TFO-12732
Escherichia coli IF0-12734
Aspergillus niger IFO0-31125

(VI) Medium (for counting viable cells): Muller hinton 2

(BBLL) for bacteroa, and Sobouraud's
dextrose agar (BBL) for fungus |

Example 4

This example relates to the preparation of a shaped

part of polyvinylidene chloride (PVDC) containing an
antibacterial composition having silver supported as a

microbicidal metal, as well as the evaluation of its

antimicrobial activitly.

The dried product of the antimicrobial composlition
containing silver as a microbicidal metal which was prepared
in Example 1 (Ag = 0.14 mmol per 100 m?/g of the surface

area in anhydrous state; specific surface area, 324 m</g as

casured by N, adsorption in the BET method) was cround 1nto
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water content of 2% and below. The dried fine particles

were mixed with PVDC, with the former being in an amount of

1.5% or 3%. The mixtures were then heated close to 180 °C,
homogenized at the same temperature, and pressed at ca.

20 kg/cm?-G to form parts measuring ca. 100 x 100 x 1.5 mm.
Fach of the shaped parts was cut into small test pieces
(ca. 50 x 50 x 1.5 mm). The thus prepared test pieces were

designated PVDC-1 and PVDC-2. As a comparison, a shaped

part of PVDC (ca. 100 x 100 x 1.5 mm) containing no anti-
microbial composition was prepared for use in a blank test.
This was cut into small test pieces (PVDC-BL; ca. 50 X 50 X

1.5 mm). All of the test pleces were subjected to an
antimicrobial activity test by the spray method and the

results were as shown in Table 8.

Table 8

Antimicrobial Activity Test by
the Spray Method (Example 4)

Content of No. of wviable
Test antlmlqrgbla} M3 ero— cells per sample
composition 1n :
sample organlism
polymer cCcoOompoO- 0 = 12 (hr)
sition (%) ﬂ
PVDC-1 1.5 Escherichla | ¢ 7.90s 0 0
coll
PVDC-2 3 do. 8.9%X10° 0 0
PVDC-BL — do. 9.2%106(8.8%x106]| 8.3x10°
PVDC-2 3 Asperglllus | o gu106(7 . 6%10 0
niger
PVDC-BL - do. 6§.1xX108|5.7x106| 5.4%x10°

The PVDC polymer compositions containing 1.0% and 3%,
respectively, of the antimicrobial composition (PVDC-1 and

PVDC-2) had strong antimicrobial activity against

Fscherichia coli and all cells were found to be dead after
the passage of 5 hours. As Table 8 shows, PVDC-BL (blank

test sample) did not exhibit any antimicrobial activity at
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211. In the test on fungal Aspergillus niger, PVDC-Z

" reduced the cell count to 7.6 x 10 per sample at 5 hours,

which was equivalent to a death rate of at least 998.99%.

On the other hand. PVDC-BL (blank test sample) had no antil-
microbial activity at all. The above test results clearly
show that the antimicrobial polymer compositlons of the
prééent invention have satisfactory antimicrobilal and/or
microbicidal activity.

Example S

This example relates to the preparatlon of a shaped
polyvinyl chloride (PVC) contalning an antimicrobial
composition having sillver as a microbicidal metal, as well
as the evaluation of its antimicrobial activity.

The dried product of the antimicrobial composition

containing silver as a microbicidal metal which was prepared

in Example 1 (Ag = 0.14 mmol per 100 mZ2 of the surface area

in anhydrous state; specific surface area, 324 m42/g as

measured by N, adsorption in the BET method) was ground 1nto

fine particles and heated at 200 - 210 °C under vacuum to a

water content of 1.5% and below. The dried fine particles
were mixed with PVC and the blend was shaped 1nto PVC sheets
by the folloﬁing procedure. Fifty parts of a plasticlzer
(DOP) was added to 100 parts of PVC ("Nippolit SL" of
general-purpose grade of Chisso Corporation; degree of
polymerization, 1,000); after adding a stabilizer and a
celation accelerator in small amounts, the previously
prepared fine particulate antimicrobial composition was
added in such an amount that it would assume 2 or 3% of the
resulting mixture. The mixtures were then heated at 140 -
150 °C and homogenized by kneading on mixing rolls. The
homogenized mixtures were shaped 1nto sheets of a thickness
of ca. 1.omm. '

The shaped PVC was cut into small test pieces (ca. 50

¥ 50 x 1.5 mm) that were respectively designated PVC-1 and

PVC-2. These samples were subjected to an antl icrobial

activity test by the spray method. As a comparison, a PVC
sheet containing no antimicrobial compositlion was prepared

for use in a blank test in accordance with the method of
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preparing the above-described antimicrobial PVC sheets.
This PVC sheet was cut into small test pieces, designated

PVC-BL (ca. 50 x 50 x 1.5 mm). It was also subjected to an
antimicrobial activity test by the spray method. The

5 results are shown in Table 9 below.

Table 9

Antimicrobial Activity Test by
the Spray Method (Example 5)

= A=

Content of No. of viable
Test antlml?r9b1a% Micro- cells per sample
composition 1n :
sample organilsi
olymer compo- 0 o 24 (hr)
sition (%) |
PVC-1 2 Staphylococcus 5 g6 0 0
aureus
PVC-2 | 3 do. 4.1x108 0 0
VC-BL - do. 3.6x10€11.8x106{1.1x10°6

PVC-1 and PVC-2 which contained the antimicrobial
composition in respective amounts of 2% and 3% were found to
have killed all cells (cell count = 0) at 6 hours. PVC-BL,
the sample for the blank test, was not at all effective

10 against the test microorganisms. The above resultls clearly
show that the PVC polymer compositions containing the
antimicrobial composition of the present'invention exhibit
remarkable microbicidal activity.

Example 6

15 This example relates to the preparation of a PP
(polypropylene) film containing an antimicrobial composition
having both silver and zinc as microbicidal metals.

The dried product of the antimicrobial composition
containing silver and zinc as microbicidal metals which was

20 prepared in Example 2 (0.11 mmol Ag and 0.04 mmol Zn per
100 m2 of the surface are an anhydrous state; specific
surface area, 319 m?/g as measured by N, adsorption in the
BET method) was ground into fine particles and heated at ca.
200 °C under vacuum to a water content of 1.5% and below.

25 The dried fine particles of the antimicrobial composition
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were mixed with PP (A4141 of Chisso Corporation) in such an
amount that the former would assume 1.5% or 2.5% of the
resulting mixture. The mixtures were then shaped into films
30 pym thick by inflation molding with the cylinder and die
outlet Being held at temperatures of 210 - 220°C and ca.
220°C, respectively, and with the screw rotating at 25 rpm.
Thé resulting PP films were cut into small test pieces (PP-1
and PP-2 each measuring ca. 50 mm x 50 mm x 30 pm), which
were subjected to an antimicrobial activity test. As a
comparison, a PP film (30 pm thick) containing no
antimicrobial composition was prepared as already described
for use in a blank test. This film was cut into small TestT

pieces (ca. 50 mm x 50 mm x 30 pm), designated PP-BL, and

subjected to an antimicrobial test. The results are shown
in Table 10 below.

Table 10

Antimicrobial Activity Test by
the Spray Method (Example 6)

Content of | No. of viable l
Test antlmlgrqbia} | Micro- J cells per sample
composition 1n
sample organism
polymer compoO- 0 192 24 (hr)
sition (%) | | |
|
PP-1 1.5 Staphylococcus| ; 5446 0 0 t
| aureus |
PP-2 2.5 | do. 7.6x10° 0 O
PP-BL — do. L7.9x106 5.1x108 3.9x10ﬂ

When PP-1 and PP-2 films containing the antimicrobial
composition of Example 2 respective amounts of 1.5% and 2%

were used, the cell count of StaphylococcCus aureus was Zero

at 12 hours, indicating the strong bactericidal activity of
these samples. On the other hand, PP-BL film as the blank

test sample was not at all effective against Staphylococcus

aureus. These results clearly show that the PP polymer

composition in film form which contained the antimicrobial

composition of the present invention exhibit remarkable

microbicidal activity.
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Example 7

This example relates to the preparation of HDPE
(high-density polyethylene) monofilaments containing an

antimicrobial composition having both silver and zinc as

microbicidal metals.

The HDPE used in Example 7 was "Showrex F 5012 M"
ha?ing melt index (M.I.) of 1.2. The dried product of the
antimicrobial composition containing silver and zinc as
microbicidal metals which was prepared in Example 2 (0.11
mmol Ag and 0.04 mmol Zn per 100 m? of the surface area in
anhydrous state; specific surface area, 319 m*/g by N2
adsorption in the BET method) was ground with a jet mill to
fine particles having an average size of 15 pm. These
particles were heated at ca. 210°C under vacuum to a water
content of 1.5% and below. The dried fine particles of the
antimicrobial composition were mixed with HDPE in such an
amount that the former would assume 1.5% or 3% of the
resulting mixture on a dry basis. The mixtures were then
shaped into HDPE monofilaments of an antimicrobial polymer
composition by extrusion molding under the following
conditions: temperature, 225 * 5°C; pressure, ca. 100
kg/cm?2 -G; residence time, 10 - 12 minutes; throughput, 1.5

kg/h; screw rotating speed, 20 rpm; length (L) to diameter
(D) ratio of screw, L/D

|2

25. The monofilaments were drawn
at a ratio of ca. 10 to a fineness of ca. 400 denier. The
resulting monofilaments were designated HDPE-1 and HDPE-Z.
These monofilaments (ca. 400 d) had satisfactory
strength. A portion (1 g) of them was subjected to an
antimicrobial activity test by the shake flask method

already described herein. The results are shown: in Table
11 below.
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Table 11

Antimicrobial Activity Test by
Shake Flask Method (Example 7)

|

e e dp—.

| Content of No. of wviable l
Test lantlmlgrgbla} Mi cro- cells per sample
composition 1n :
sample | Lo er compo- | °Organism l
sition (%) U | 5 24 (hr)
HDPE-1 1.5 Escherichla | 5 5,404 0 0
l coli
HDPE- 2 | 3 do . 7.8x104 0 0
HDPE-BL | — do. 7.3%x10%|7.0x10%/6.8x10%
HDPE-2 3 Asperglllus | 5 gy 104|5,4x10 0
niger
|
HDPE-BL — l_ do. 3.4x10%13.1x10%| 2.6x10%

When HDPE-1 and HDPE-2 monofilaments containing the
antimicrobial composition of Example 2 in respective amount
of 1.5% and 3% were used, the cell count of bacterial

Escherichia coli was zero at 6 hours, indicating the strong

bactericidal activity of these samples. On the other hand,
HDPE-BL as the blank test sample containing no antimicroblal

composition was not at all effective against FEscherichia

coli. When HDPE-2 monofilaments containing said

antimicrobial composition in an amount of 3% was used, the

cell count of fungal Aspergillus niger was 5.4 x 10 cells

per m at 6 hours, which was equivalent to a death rate of

99.9%. When 24 hours passed, all cells were found dead. On
the other hand, HDPE-BL monofilaments as the blank test

sample were not at all effective against Aspergilius niger.

These results clearly show that the HDPE monofilaments

containing the antimicrobial composition of the present
invention exhibit strong microbicidal action.

Example 8

This example relates to the preparation of a shaped
part of PS (polystyrene) containing an antimicrobial

composition having silver supported as a microbicidal metal,

as well as the evaluation of its antimicrobial activity.
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The dried product of the antimicrobial composition
containing silver as a microbicidal metal which was prepared
in Example 1 (Ag = 0.14 mml per 100 m? of the surface area
in anhydrous state; specific surface area, 324 m?/g as
measured by N, adsorption in the BET method) was ground into
fine particles and heated at 200 - 210°C under vacuum to a
water content of 1.5% and below. The dried fine particles
were mixed with PS and a shaped PS part having a thickness
of ca. 1.5 mm was prepared by the following procedure. The
fine particles of the antimicrobial composition were added
to PS ("Denka Styrol GD-1-301") in such an amount that the
rormer would assume 0.70% of the resulting mixture. The
mixture was then heated to 165 - ‘170°C and melted at the
same temperature in a kneader. The melt was subsequently
extrusion molded to a part having a thickness of ca. 1.5 mn.
The shaped part was cut into small test pieces, P5-1,
measuring ca. 50 mm X 50 mm X 1.5 mm. As a comparison,
small test pieces, PS-BL (ca. 50 mm x 50 mm X 1.5 mm) ,
containing no antimicrobial composition were prepared by the
same procedure of molding for use in a blank testT. The test

results are shown in Table 12 below.



2037314

-36 -

oTdweXy 2AT3IvIBAUOD =*

e e - Rk Pl TeaP
|
[ “

90T ‘©1TT09%Z
0 ;0T % 8°GS | 40T x 9°L | 0T x T° op L 7-Sd
(etqoJdolruijue |
| — - — .
sOT X 1T°'V | Ol X h.w_ SRS “Op - "TH-5d |
| EVEISP I - e re——— !.ﬂll - - Q'L
. TTARAN DTS %0L°0Q0 'So1oT3Je -
0 O GG | TTOO ®BIYOLJI9YOSH DTTOS TePTOTQODTU L ma
s L — | 4 - 1
(1Y) 8V Al (%) oTdwes
, - . . — + WUSTUBZJIOOID TN 1uade TepTIOoTQqOaOTuU <o
ﬁ aT1duies JI9d STT20 °274BTA JO °ON JO jaunouwy puwv odA], 59l

(g ©9Tdwexyd) POUION Arvads

oyl £Aq 3s9] L1TATIOV

¢l 2l4¥EL

[BTQOIDTWAUY



10

15

20

25

30

35

2037314

-37 -

Comparative Example

In this comparative example, a shaped PS part (1.5 mm
thick) containing 1.0% NaAgZ (the formula for antimicrobial
zeolite,‘in which Ag = 3.95% on a dry basis, and Z
represents the matrix of zeolite A was prepared using the
fine powder of NaAgZ and PS (the same as used in Example 8)
by~a method that was identical to that used in Example 8.
The shaped part was cut into small test pileces, PS-2 (ca. 50
mm X 50 mm X 1.5 mm), for use as a comparison which was
subjected to an antimicrobial activity tesT under the same
conditions as adopted in Example 8. The results are also
shown in table 12.

As Table 12 shows, the sample PS-1 (Example 8)
containing 0.70% of the antimicrobial composition of the
present invention exhibited strong bactericidal activity

against Escherichia coli and its cell count dropped to 1.2 X

102 per sample at 6 hours, which was equivalent to a death
rate of 99.98%. At 12 hours, all cells of Escherichia colil

were found dead. In contrast, the PS-BL sample (for use in

blank test) containing no antimicrobial composition was not

at all effective against Escherichia coli. The PS-2 sample

(Comparative Sample) containing 1.0% antimicrobial zeolite

exhibited microbicidal action against Escherichia coli and

its cell count was 7.6 x 10% and 5.8 x 10% per sample at 6
hours and 12 hours, respectively. The former value was
equivalent to a death rate of 80.1% and the latter to 89.98%.
Comparing the cell count profiles of PS-1 and PS-2, one can
readily see that the former sample exhibited stronger
bactericidal activity than the latter.

PS-1 (Example 8) containing 0.7% of the antimicrobial
composition of the present invention had a Ag content of
0.034%, whereas PS-2 (Comparative Sample) containing 1.0% of
antimicrobial zeolite had a Ag content of 0.039%. PS-2
contained silver in a slightly larger amount than PS-1 and
yet, from the viewpoint of antimicrobial efficacy, PS—1 was
superior to PS-2.

This difference in antimicrobial effect would have

resulted from the essential structural difference between
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the antimicrobial composition of the present invention and
the antimicrobial zeolite that were added to the polymer.
For example, the differences in the pores in the matrix and
the distribution of microbicidal metals result in the
differences in antimicrobial effect between the two samples
(see the previous discussion of the features and advantages
of-the polymer composition containing the antimicrobial
composition of the present invention). As already
mentioned, the PS sample containing the antimicrobial
composition used in Example 8 had a silver content of
0.034%. Silver in the antimicrobial composition used in the
antimicrobial activity test was not distributed uniformly 1in
the silica gel matrix but distributed on the surfaces of
great many pores in the silica gel (which were much larger
than the pores in antimicrobial zeolite) by ionic bonding,
with the Ag content amounting to 0.14 mmol/100 m?. On the
other hand, NaAgZ (pore size, 4 B) used as the comparative
example contalined 0.039% Ag in PS. In sharp contrast from
the antimicrobial composition used in Example 8, the
comparative NaAgZ had Ag distributed uniformly in the
zeolite matrix. The silver content in the polymer was
0.034% in Example 8 and it was distributed on the active
surfaces of pores in silica gel. On the other hand, the
silver content of the polymer in the comparative sample was
0.039% which differed from the silver content of the sample
of Example 8 only slightly. However, as already mentioned,
the silver in the antimicrobial composition used in Example
8 was distributed only on the active surfaces of pores in
silica gel, so the amount effective silver available for
microbicidal purposes was greater than that of silver in
NaAgZ and the effective availability of microbicidal Ag 1in
the composition of Example 8 was much higher than that of Ag
in NaAgZ used as the comparison. Further, for the reasons
already stated hereinbefore, microbicidal metal ions formed
as a result of dissociation diffuse more rapidly in pores 1n
the amtimicrobial composition of the present invention than
in pores in the antimicrobial zeolite. Hence, the

composition of the present invention should have a higher
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microbicidal efficiency than the antimicrobial zeolite and

this is supported by the data shown in table 12.
Example 9

This example relates to the preparation of an
antimicfobial composition for use in aqueous systems that
contains silver as a microbicidal metal.

| Three liters of desalted water was added to ca. 1.5
kg of crushed silica gel (product of Nishio Kogyo K.K.;
specific surface area, 450 m?/g; pore size, 75 &; void
volume, 0.8 cm3®: particle size, 30 - 60 mesh). The mixture
was stirred at ca. 800 rpm to form a homogeneous slurry. To
the slurry, a ca. 0.4 N NaOH solution was added slowly until
the pH of the slurry was finally adjusted to 9.5 - 10.

Then, a solution having ca. 65 g of NaAlO, dissolved in 3 £
of water was added to the slurry and the mixture was stirred
at 25 + 1°C for ca. 11 hours at 600 rpm. After stirring,

the mixture was filtered and the solid phase was washed with
water to remove excess alkali and unreacted NaAlOz. During

the washing, the pH was held at about 9. To the solid
phase, a ca. 0.69 M solution of silver nitrate was added and
the resulting mixture was stirred continuously at 25 &% 1°C
over a period of ca. 8 hours at 600 rpm. After the
reaction, the mixture was filtered and the solid phase was
washed with water to remove excess silver ions. The washed
product was dried at 100 - 110°C to obtain a dried
antimicrobial composition for use in aqueous systems which
contained silver as a microbicidal metal according to the
present invention.

This composition had a specific surface area and a
void volume of 328 m2/g (as measured by N, adsorption in the
BET method) and 0.73 cm3/g, respectively. The amount of
silver as determined was 5.13% (on a dry basis). The
composition contained 0.145 mmol of silver per 100 m#< of the

surface area on a dry basis (see Table 13 below).
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Table 13

Antimicrobial Composition for Use
in Aqueous Systems (Example 9)

Pore volume Specific surface Silver
{cm®*/g) ~__area (m*/g) (mmol/100 m?)
0.73 328 0.145

In order to test the antimicrobial and/or
microbicidal activity of the antimicrobial composition for
use in aqueous systems which was prepared in Example 9,
sewage was diluted with water to prepare two models of
wastewater as follows:

Model 1: COD = 58 mg/L;

Model 2: COD = 91 mg/%;

(COD: Chemical oxygen demand)

coli count = 3.1 x 10°/mR
coli count = 4.6 x 10°/m@

E.
E.

Four grams of the dried product of the antimicrobial
composition prepared in Example 9 was added to 500 m2 of
wastewater Model 1. The same dried product was added in an
amount of 6 g to 500 mR of Model 2. both models were then
stirred at 20 - 25°C for 10 hours at 500 rpm. Thereafter,

the death rate of Escherichia coli in the wastewater was

measured in the usual manner.

The death rate of Escherichia coli was 100% in both

wastewater Models 1 and 2, demonstrating the high
bactericidal activity of the antimicrobial composition for
use in aqueous systems which was prepared in Example 9.

In order to check the water resistance of the
antimicrobial composition of the present invention for use
in aqueous systems and its ability to maintaln the
microbicidal activity, the following test was conducted
using the antimicrobial composition prepared in Example 9.

About twenty grams of the composition (dried product;
particle size,'30 - 80 mesh) was charged into a small glass
ion-exchange column having an inside diameter of 22 mm.
After backwashing with water, the composition was uniformly

2+ 2+

packed to Torm a bed. Tap water (Ca = 17 ppm; Mg = 6.9

ppm; Cl = 33 ppm; pH = 6.7) was passed through the column at
a flow rate of 30 £ 1.5 m2/min. When the amount of effluent

emerging from the bottom of the column reached predetermined
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levels (see Table 14 below), a portion of the effluent was
sampled and the concentration of silver in it was measured
by atomic-absorption spectroscopy. The results are shown 1n
table 14.

| Table 14 : Water Passage TestT

Effluent (2) Silver in effluent (ppb)
10 O
30 ¢
70 D
100 4
200 7
300 6
500 6

As Table 14 shows, satisfactory results were obtained
since the content of silver in all samples of the effluent
was very low within the range of 4 - 7 ppb. Throughout the
passage of water, the composition experienced no breakage,
deformation, wear and other deterioration, indicating the
good water resistance of the composition.

After passing 500 @ of water through the column, the
spent antimicrobial composition was taken out of the column
and the retention of its antimicrobial and/or microbicidal
activity was checked by the following procedure. a
suspension (1 mf) containing no more than 10? spores per mg

of Aspergillus niger was injected and mixed with 9 mQ of a

suspension of the spent composition (300 mg/mf) and the
mixture was held at 30°C for 24 hours. A portion (0.1 mg)

of the mixture was dispersed in a Sabouraud's agar medium
and left to stand at 30°C for 48 hours. Thereafter, the
number of viable cells was counted to calculate the death

rate of Aspergillus niger, which was 100%. The test resuits

clearly show that the antimicrobial composition of the
present invention for use in aqueous systems have strong
antimicrobial and/or microbicidal activity and exhibit the

intended effect in water for a long time.
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The embodiments of the invention in which an
exclusive property or privilege are claimed are defined as
follows:

1. An antimicrobial composition having an antimicrobial
coat of an aluminosilicate on the surface of silica gel,
said aluminosilicate containing metal ions having
microbicidal action.

2. An antimicrobial composition according to claim 1 which
has a pore volume of at least 0.3 cm3/g and a specific
surface area of at least 100 mz/g.

3. A antimicrobial composition according to claim 2
wherein the metal ions having microbicidal action are
present in a total amount of at least 0.003 mmol per 100 m?
of the surface area of said composition in an anhydrous
state.

4. An antimicrobial composition according to any one of
claims 1 to 3 in which the metal ions having microbicidal
action are those of a metal selected from the group
consisting of silver, zinc, copper, mercury, tin, lead,
bismuth, cadmium and chromium.

5. An antimicrobial polymer composition comprising a
polymer and the antimicrobial composition recited in any one
of claims 1 to 4.

6. An antimicrobial polymer composition according to claim
5 which contains said antimicrobial composition in an amount
of 0.01 - 20 wt% of the polymer composition.

7 . A process for producing silica gel based antimicrobial
composition comprising the steps of chemically treating
silica gel with an alkali solution and an aluminate solution
to form a coat of an alminosilicate containing an 1ion-
exchangeable metal that substantially covers the active
surfaces of pores in the silica gel, and treating said coat
with a solution of a salt containing the 1ions of at least
one metal having microbicidal action so that the
microbicidal metal ions are supported on the aluminosilicate
coat by ion exhange to form an antimicrobial coat.

8. An antimicrobial composition for use 1n aqueous systens
that has on the surface of silica gel an antimicrobial coat

of an aluminosilicate containing the 1ons
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of at least one microbicidal metal selected from the group
consisting of silver and zinc.

9. An antimicrobial composition according to Claim 8

5 wherein silver 1s present in a total amount of at least
0.0003 mmol per 100 m* of the surface area of the
composition 1n an anhydrous state.

10. An antimicrobial composition according to Claim 8
10 wherein silver and zinc are present 1n respective total
amounts of at least 0.0002 mmol and 0.02 mmol per 100 m? of

the surface area of the composition in an anhydrous state.

11. An antimicrobial composition according to Claim 8
15 whereln zinc 1s present i1n a total amount of at least 0.08

mmol per 100 m‘* of the surface area of the composition in an
anhydrous state.

12. An antimicrobial composition composed of a coat of

20 aluminosilicate on the surface of silica gel, wherein said
composition has a pore volume of at least 0.3 cm’/g and a
specific surface area of at least 100 m?/g, wherein said
aluminosilicate coat i1s composed of either partial or
complete substituted i1on-exchangeable metal (M) in the

25 aluminosilicate solid coating layer represented by the

formula

mZ/nO 0A1203 -ySioz . ZHzo;

30 wherein X and y represent the numbers of molecules of the
metal oxide and silicon dioxide, respectively, M is an ion-
exchangeable metal, n 1s the atomic valence of M, and z 1is
the number of molecules of water, and wherein said partial

or completely substituted ion-exchangeable metal 1is

35 selected from the group consisting of silver, copper, zinc,
mercury, tin, lead, bismuth, cadmium, chromium and mixtures
thereof.
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13. An antimicrobial composition according to claim 12,
wherein the metal ions having microbicidal action are
present in a total amount of at least 0.003 mmol per 100
m?of the surface coating of said composition.

14. An antimicrobial polymer composition comprising a
polymer and an antimicrobial composition, of wherein said
antimicrobial composition 1s composed of a coat of
aluminosilicate on the surface of silica gel, wherein said
composition has a pore volume of at least 0.3 cm3/g and a
specific surface area of at least 100 m2/g, whereln said
aluminosilicate coat 1s composed of either partial or
complete substituted i1on-exchangeable metal (M) 1in the
aluminosilicate solid coating layer represented by the
formula xM; ,,0.A103.yY510,.ZH,0, wherein x and y represent
the numbers of molecules of the metal oxide and silicon
dioxide, respectively, M 1s an ion-exchangeable metal, n is
the atomic valence of M, and z 1s the number of molecules of
water, wherein said partial or completely substituted ion-
exchangeable metal 1is selected from the group consisting of
silver, copper, zinc, mercury, tin, lead, bismuth, cadmium,
chromium and mixtures thereof and wherein said polymer is a
halogenated or non-halogenated organic polymer.

15. An antimicrobial polymer composition comprising a
polymer and an antimicrobial composition, wherein said
antimicrobial composition is composed of a coat of
aluminosilicate on the surface of silica gel, wherein said
composition has a pore volume of at least 0.3 cm3/g and a
speclific surface area of at least 100 mz/g, whereln said
aluminosilicate coat i1s composed of either partial or
complete substituted ion-exchangeable metal (M) in the
aluminosilicate so0lid coating layer represented by the
formula xM; ,,0.A1,03.yYS510,.2H,0, whereln x and y represent
the numbers of molecules of the metal oxide and silicon
dioxide, respectively, M 1s an ion-exchangeable metal, n is
the atomic valence of M, and z 1s the number of molecules of
water, wherein said partial or completely substituted ion-
exchangeable metal 1s selected from the group consisting of
silver, copper, zinc, mercury, tin, lead, bismuth, cadmium,

chromium and mixtures thereof and wherein said polymer is a
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thermoplastic synthetic polymer selected from the group
consisting of polyethylene, polypropylene, polystyrene,
polyamides, polyesters, polyvinyl alcohol, polycarbonates,
polyacetals, ABS resins, acrylic resins, fluorine resins,
polyurethane elastomers, polyester elastomers, polyvinyl
chloride and polyvinylidene chloride.

16. An antimicrobial polymer composition comprising a
polymer and an antimicrobial composition, wherein said
antimicrobial composition is composed of a coat of
aluminosilicate on the surface of silica gel, wherein said
composition has a pore volume of at least 0.3 cm3/g and a
specific surface area of at least 100 mz/g, wherein said
aluminosilicate coat is composed of either partial or
complete substituted ion-exchangeable metal (M) 1n the
aluminosilicate solid coating layer represented by the
formula xMj;;,0.A1203.yYSi0,.ZH,0, wherein x and y represent
the numbers of molecules of the metal oxide and silicon
dioxide, respectively, M is an 1on-exchangeable metal, n 1is
the atomic valence of M, and z 1s the number of molecules of
water, wherein said partial or completely substituted ion-
exchangeable metal is selected from the group consisting of
silver, copper, zinc, mercury, tin, lead, bismuth, cadmium,
chromium and mixtures thereof and wherein said polymer 1s a
thermosetting synthetic polymer selected from the group
consisting of phenoclic resins, urea resins, melamline resins,
unsaturated polyester resins, epoxy resins and urethane
resins.

17. An antimicrobial polymer composition comprising a
polymer and an antimicrobial composition, wherein said
antimicrobial composition 1s composed of a coat of
aluminosilicate on the surface of silica gel, wherein said
composition has a pore volume of at least 0.3 cm3/g and a
specific surface area of at least 100 mz/g, wherein said
aluminosilicate coat is composed of either partial or
complete substituted ion-exchangeable metal (M) 1in the
aluminosilicate solid coating layer represented by the
formula xM; ;,0.A1,03.yS10,.2H20, wherein x and y represent
the numbers of molecules of the metal oxide and silicon

dioxide, respectively, M is an ion-exchangeable metal, n 1is
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the atomic valence of M, and z 1s the number of molecules of
water, wherein said partial or completely substituted ion-
exchangeable metal is selected from the group consisting of
silver, copper, zinc, mercury, tin, lead, bismuth, cadmium,
chromium and mixtures thereof and wherein said polymer 1is
regenerated or semi-synthetic polymer selected from the
group consisting of rayon, cuprammonium rayon, cellulose

monoacetate, cellulose diacetate and cellulose triacetate.
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