(12) STANDARD PATENT

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
Antimicrobial zeolite and antimicrobial composition

International Patent Classification(s)

CO01B 39/02 (2006.01) AO01N 59/16 (2006.01)

AO01N 25/00 (2006.01) CO8K 3/10 (2006.01)

AO01N 59/06 (2006.01) CO8K 3/34 (2006.01)

Application No: 2007200738 (22) Date of Filing:  2007.02.20

Priority Data

Number (32) Date (33) Country
2006-045241 2006.02.22 JP
Publication Date: 2007.09.06

Publication Journal Date: ~ 2007.09.06
Accepted Journal Date: 2012.04.12
Corrigenda Journal Date:  2012.04.19

Applicant(s)
Sinanen Zeomic Co., Ltd.

Inventor(s)
Uchida, Masashi;Kurihara, Yasuo;Miyake, Yumiko

Agent / Attorney
Collison & Co, 117 King William Street, Adelaide, SA, 5000

Related Art

JP 03-255010 A (KANEBO LTD) 13 November 1991

JP 02-255844 A (DAINIPPON INK & CHEMICALS ET AL) 16 October 1990
US 5070052 A (BROWNSCOMBE ET AL) 3 December 1991

US 4448711 A (MOTOJIMA ET AL) 15 May 1984

US 5180585 A (JACOBSON ET AL) 19 January 1993

(11) Application No. AU 2007200738 B8




10

15

20

25

18

CLAIMS

1. Antimicrobial zeolite comprising zeolite wherein a hardly
soluble zinc salt is formed within fine pores present therein.

2. The antimicrobial zeolite as set forth in claim 1, wherein the
hardly soluble zinc salt formed within the fine pores is zinc oxide, zinc
oxalate or zinc citrate.

3. An antimicrobial composition comprising the antimicrobial
zeolite as set forth in claim 1 or 2 in an amount ranging from 0.05 to
80% by mass.

4. The antimicrobial composition as set forth in claim 3, wherein
1t i1s an antimicrobial resin composition.

5. An antimicrobial resin composition comprising a resin and an
antimicrobial zeolite as claimed in any of claims 1 or 2.

6. The antimicrobial resin composition according to claim 5,
wherein said resin is selected from the group consisting of
thermoplastic and heat-curable resins such as polyethylenes,
polypropylenes, vinyl chloride resins, ABS resins, polyesters,
polyvinylidene chlorides, polyamides, polystyrenes, polyacetals,
polyvinyl alcohols, polycarbonates, acrylic resins, polyurethanes,
phenolic resins, urea resins, melamine resins, epoxy resins,
fluoro-plastics, rayons, cuprammonium rayons, acetate resins, various
kinds of elastomers, and naturally occurring and synthetic rubber
materials.

7. The antimicrobial resin composition according to claim 5 or 6,
wherein said zeolite i1s present with a content from 0,1 to 3% by mass.

8. A process for the preparation of an antimicrobial resin
composition as set forth in any of claims 5 to 7 by incorporating the

antimicrobial zeolite into the resin.
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9. A process for the preparation of an antimicrobial resin
composition as set forth in any of claims 5 to 7 by coating the surface of
a resin film with the antimicrobial zeolite.

10. Use of an antimicrobial zeolite according to claim 1 or 2, for

~

5 the prevention of a color change of an antimicrobial resin composition.
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Invention Title:

ANTIMICROBIAL ZEOLITE AND ANTIMICROBIAL. COMPOSITION

The following statement is a full description of this invention, including
the best method of performing it known to us
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TECHNICAL FIELD

The present invention relates to antimicrobial zeolite and an ntimicrobial
composition containing the antimicrobial zeolite and, more specifically, to
antimicrobial zeolite and an antimicrobial composition, in p rﬁcular, an
antimicrobial resin composition, which hardly undergo any color change with the

elapse of time over a long period of time.

BACKGROUND ART

There have been We!i—known antimicrobial zeolite prepared by replacing
ion-exchangeable metal ions of zeolite with antimicrobial metal ions such as
silver, copper and/or zinc ions and an antimicrobial composition containing the
same. In this respect, however, it has been known that an antimicrobial resin
composition obtained by incorporating such antimicrobial zeolite into a resin
undergoes a color change with the elapse of time. As a means for solving such a
problem of color change, with time, associated with the cgnventioneﬂ
antimicrobial zeolite, there has already been developed a technigue in which
silver ions and ammonium ions are incorporated into zeolite ‘(see Patent

Document 1 specified layer).

The antimicrobial zeolite disclosed in this article is certainly an excellent

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02+20
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antimicrobial activity and, for instance, it is excellent in the durability of its

antimicrobial action or power when it is left in air or in water and it hardly undergo

any quality-deterioration even when it is incorporated into a resin through

kneading. This antimicrobial zeolite is free of any extreme color change under

the usual use conditions, but when it is exposed to severe conditions, for

instance, it is irradiated with intensive ultraviolet rays over a long per

iod of time,

the zeolite suffers from a problem in that it undergoes a color change with the

elapse of time. Although the zeolite per se does not lose its antimicrobial action

due to these color changes, a good to which the antimicrobial zeoli
may undergo a color change. This in turn results in the deteriora

commercial value of the good depending on the kind thereof.

e is added

tion of the

Patent Document 1: Japanese Un-Examined Patent Publication Sho 63-265809

DISCLOSURE OF THE INVENTION

Problems to be solved by the invention

Accordingly, it is an object of the present invention to pravide antimicrobial

zeolite which hardly causes any color change with the elapse of time ¢ven when

it is incorporated into a resin to give an antimicrobial resin composition.

it is another object of the present invention to provide an anrimicrobial

COMS 1D No: SBMI-06318564  Received by IP Australia: Time {H:m) 16:59 Date (Y-M-d) 2007-02- 20
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composition, in particular, an antimicrobial resin composition, which comprises

the foregoing antimicrobial zeolite.

20 Feb 2007

MEANS FOR SOLVING THE PROBLEMS

The present invention thus herein provides the following antimicrobial zeolite and

5 an antimicrobial composition containing the same:

2007200738

1. Antimicrobial zeolite comprising zeolite wherein a hardly soluble zinc salt is

formed within fine pores present therein.

2. The antimicrobial zeolite as set forth in the foregoing item 1, wherein the
hardly soluble zinc salt formed within the fine pores is zinc oxide, zinc oxalate or

10  zinc citrate.

3. An antimicrobial composition comprising the foregoing antimicrobial zeolite
as set forth in the foregoing item 1 or 2 in an amount ranging from 0.05 to 80%

by mass.

4. The antimicrobial composition as set forth in the foregoing item 3, wherein it

15 is an antimicrobial resin composition.

EFFECTS OF THE INVENTION

The antimicrobial zeolite according to the present invention can widely be

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02120
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applied, without causing any color change, even to the goods which undergo
color changes with the elapse of time when the conventional antimicrobial zeolite

is added.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will hereunder be described in more detail.

The “zeolite® usable in the present invention may be either naturally occurring
one or synthetic one. The zeolite is in general an aluminosilicate having a
three-dimensional skeletal structure and is represented by the following general
formula: xM,,O « ALLO, * ySIiO, - zH,0. In this general formula, M represents an
ion-exchangeable n-valent jon and it is usually a mono-valent or di-valent metal
ion; x represents the molar number of the metal oxide; y represents the molar
number of the silica; and z represents the molar number of the water of

crystallization.

Specific examples of zeolite materials are zeclite A, zeolite X, zeolite Y, zeolite T,
zeolite having a high silica content, sodalite, mordenite, analcime, cfinoptilolite,
chabazite, and erionite, but the present invention is not restricted to these

specific zeolite materials at all.

The ion-exchange capacities of these exemplified zeolite materials are typically

COMS ID No: SBMI-06318564  Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02120
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mordenite, 5 mea/g for the analcime, 2.6 meg/g for the clinoptilolite, 5 meq/g for

the chabazite, and 3.8 meq/g for the erionite.

The antimicrobial zeolite according to the present invention is one obtained by
completely or partially replacing the ion-exchangeable ions present in the
foregoing zeolite material such as sodium ions, calcium ions, potassium ions,
magnesium ions, énd/or iron ions, with antimicrobial metal ions such as silver
ions. The antimicrobial zeolite according to the present invention preferably
comprises silver ions and it may further comprise other antimicrobial metal ions
in addition to silver ions. Examples of such other antimicrobial metal ions include
ions of copper, zinc, mercury, lead, tin, bismuth, cadmium, chromium|or thallium,

with copper or zinc ions being preferably used herein.

The foregoing silver ions and antimicrobial other metal ions are desirably
included in the zeolite in an amount ranging from 0.1 to 15% by mass from the
viewpoint of the antimicrobial action thereof. More preferably used herein are
antimicrobial zeolite materials each having a silver ion content ranging from 0.1

to 15% by mass and a copper ion or zinc ion content ranging from 0.1 to 8% by

mass. In this specification, the term “% by mass” means that on the basis of the

COMS ID No: SBMI-06318564  Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02 20
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hardly soluble zinc salt is formed within fine pores present therein.

xamples of
such hardly soluble zinc salts include zinc oxide, zinc peroxide, zinc hydroxids,
zinc phosphate, zinc diphosphate, zinc carbonate, zinc oxalate, zinc citrate, zinc
fluoride, zine sulifide, zin¢ sulfite, zinc selenide, zinc cyanide, and zinc silicate,
but preferably used herein are, for instance, zinc oxide, zinc oxalate, and zinc
citrate since they can easily be produced. The amount of the hardly soluble zinc
salt to be formed within the fine pores is preferably not less than 0.3% by mass
and more preferably not less than 0.8% by mass on the basis of the total mass of
the -antimicrobial zeolite of the present invention, for the purpose of inhibiting the

occurrence of any color change with time. Regarding the upper limit thereof, it is

not more than 20% by mass and preferably not more than 15% by mass.

Next, the method for the preparation of the antimicrobial zeolite of the present

invention will be described in detail below.

As examples of methods for the preparation of the antimicrobial zeglite of the
present invention, there can be listed, for instance, one which comprises the
step of mixing a solution containing anions capable of chemically reacting with

zinc ions and dissolved therein, with a mixture containing an aqueous solution

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02 20
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containing zinc ions and an aqueous dispersion of antimicrabial zeolita.
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For instance, zeolite is first brought into close contact with a previoufsly prepared
mixed agqueous solution containing silver ions and other antimicrobial metal ions

so that ion-exchangeable ions present in the zeolite are replaced with the

(%]

foregoing ions. The zeolite can be brought into contact with the mixed solution in

2007200738

a continuous or batch-wise manner at a temperature ranging from 10 to 70°C,
preferably 40 to 60°C for 3 to 24 hours, preferably 10 to 24 hours. At this stage,
the pH value of the foregoing aqueous mixed solution is suitably adjusted to a
level ranging from 3 to 10 and preferably 5 to 7. Such adjustment of the pH value
10 of the mixed solution would conveniently permit the prevention of any separation
of, for instance, silver oxide on the surface of the zeolite and/or thé interior of fine

pores thereof.

Respective ions present in the mixed aqueous solution are in general supplied in
the form of the corresponding salts thereof. Examples of such salts usable
15 herein include silver nitrate, silver sulfate, silver perchlorate, siiver acetate,
diammine silver nitrate and diammine silver sulfate for silver ionsﬁ copper nitrate,
copper sulfate, copper perchlorate, copper acetate and |potassium
tetracyano-cuprate for copper ions; zinc nitrate, zinc sulfate, zinc perchlorate,

zinc acetate, zinc thiocyanate for zinc ions; mercury nitrate, mercury perchlorate

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02:20




20/02 2007 16:14 FAX

20 Feb 2007

2007200738

10

15

COLLISON & CO > IP AUST CANBERRA [#020/077

and mercury acetate for mercury ions; tin sulfate for tin ions; lead sulfate and

lead nitrate for lead ions; bismuth chloride and bismuth iodide for bismuth ions;

cadmium perchlorate, cadmium sulfate, cadmium nitrate and cadrrLium acetate

for cadmium ions; chromium perchlorate, chromium sulfate,

chromium

ammonium sulfate and chromium acetate for chromium ions; zTnd thallium

perchlorate, thallium sulfate, thallium nitrate and thallium acetats |f

ions.

After the completion of the ion-exchange of the ion-exchangeable|i

or thallium

ons of the

zeolite with these antimicrobial metal ions and the subsequent waihing of the

zeolite with water, a hardly soluble zinc salt is formed within fine pores of the

zeolite. Examples of compounds each containing anionic ions [capable of

undergoing a chemical reaction with zinc ions to thus give a hardly 4oluble zinc

salt include hydrogen peroxide for the formation of zinc oxide; hydroge
for the formation of zinc peroxide; aqueous ammonia, sodium

potassium hydroxide and calcium hydroxide for the formation of zinc

n peroxide
hydroxide,

hydroxide;

sodium phosphate, sodium hydrogen phosphate and ammonium pthsphate for

the formation of zinc phosphate; sodium diphosphate and ammonium

diphosphate for the formation of zinc diphosphate; sodium carbonate and

ammonium carbonate for the formation of zinc carbonate; oxalic

COMS 1D No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02-

acid and

20
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ammonium oxalate for the formation of zinc oxalate; citric acid, sadium citrate

and ammonium citrate for the formation of zinc citrate; ammonium flu

formation of zin¢ fluoride; aqueous hydrogen sulfide, sodium

aride for the

sulfide and

ammonium sulfide for the formation of zinc sulfide; sodium sulfite for the

formation of zinc sulfite; selenic acid for the formation of zin

Cc selenide;

ammaenium cyanide for the formation of zinc cyanide; and sodium silicate for the

formation of zinc silicate.

The zeolite obtained after the completion of the hardly soluble zinc
reaction is sufficiently washed with water and then dried. The wa
zeolite is preferably dried under ordinary pressure and at a temperat
from 105 to 115°C, or under a reduced pressure ranging from 1 to 30

a temperature ranging from 70 to 90C.

salt-forming
ter-washed
ure ranging

Torr and at

The antimicrobial action of the antimicrobial zeolite of the present invention thus

obtained can be evaluated by the determination of the

minimum

growth-inhibitory concentration (MIC) thereof against a variety of normal bacteria,

fungi and yeast. A test for the determination of MIC comprises the s

leps of, for

instance, smearing a solution for the inoculation of a bacterium onto the surface

of a plate culture medium containing each candidate antimicrobial zeolite in an

arbitrary concentration, cultivating the inoculated medium at 35°C far 24 hours

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02:20
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for each bacterium; at 25°C for 4 days for fungi and yeast to thus determine the

20 Feb 2007

minimum concentration of the antimicrobial zeolite required for the |inhibition of
any growth of these microorganisms and each resulting minimum concentration

is defined to be the MIC for each particular microorganism.

5 The present invention likewise provides an antimicrobial composition and, in

2007200738

particular, an antimicrobial resin composition, containing the foregoing
antimicrobial zeolite. In this respect, examples of such resins usable herein
include thermoplastic and heat¥curable resins such as polbethylenes.
polypropylenes, vinyl chloride resins, ABS resins, polyesters, polyvinylidene
10 chiorides, polyamides, polystyrenes, polyacetals, polyvinyl | aleohols,
polycarbonates, acrylic resins, polyurethanes, phenolic resins, urea resins,
melamine resins, epoxy resins, fluoro-plastics, rayons, cuprammonium rayons,
acetate resins, various kinds of elastomers, and naturally occurring and

synthetic rubber materiais.

15  The antimicrobial resin composition of the present invention can be, for instance,
prepared by directly incorporating the foregoing antimicrobial zeolite into one of
the foregoing resins or by coating the surface of, for instance, a resin film with
the antimicrobial zeolite. The content of the antimicrobial zeolite in the

antimicrobial resin composition desirably ranges from 0.05 to 80% by mass and

COMS ID No: SBMI-06318564  Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02:20
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preferably 0.1 to 80% by mass from the viewpoint of the impartment, to the resin,
of antibacterial, antifungal and/or antialgal functions. In this connection, the MIC

values of the antimicrobial resin composition can be evaluated accarding to the

. B

same method described above, In addition, the content of the antimicrobial
zeolite in the antimicrobial resin composition preferably ranges from Q.1 to 3% by

mass from the viewpoint of the prevention of any color change of the resin.

The foregoing antimicrobial zeolite and antimicrobial resin composition of the

present invention can be used in a variety of fields.

For instance, in the field of aqueous systems, they can be used as antibacterial
and/or antialgal agents used in, for instance, water purifiers or those for the

water of cooling towers and a variety of cooling water.

In the field of the paints and varnishes, they can be used for imparting the
antibacterial, antifungal and/or antialgal functions to the surface of a coated layer
by, for instance, directly incorporating them into a variety of paints and varnishes
such as oil-based ones, lacquers, varnishes, alkyl resin type ones, amino alkyd
resin type ones, vinyl resin type ones, acrylic resin type ones, epoxy resin type
ones, urethane resin type ones, aqueous emulsified resin type one%, powder
coatings, chlorinated rubber coatings, and phenolic resin type ones, or by

applying the zeolite or the resin composition onto the surface of a coated layer.

COMS 1D No: SBMI-06318564  Received by P Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02:20
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In the field of the construction, it is possible to impart the antibacterial, antifungal

and/or antialgal functions to the surface of building materials such as jointing

20 Feb 2007

materials, wall materials and tiles by incorporating them into th%se building

materials or by applying the same onto the surface of these building materials.

5 In the field of the paper-making or paper industry, it is possible to impart the

2007200738

antibacterial and/or antifungal functions to various paper materials such as wet

tissues, paper packing materials, corrugated boards, sheets of paper for
spreading and freshness-keeping paper by the incorporation of the zeolite or the
resin composition into these paper materials during the process for the
10  manufacture of the paper materials, or by applying the same onto the surface of
these paper materials. Alternatively, it is also possible to use the zeolite or the
resin composition, in particular, as a slime-controlling agent (an agent for

inhibiting the generation of any slime).

The antimicrobial zeolite of the present invention can be applied t¢ all of the
15 fields which require the inhibition and/or prevention of the generation and growth
of various microorganisms such as a variety of normal or common bacteria, fungi,
yeast and algae, and/or the extinction thereof, in addition to the aforeL'-entioned

fields.

EXAMPLES

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007—02T0
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‘8 The present invention will be described in more detail with reference to the
e
) following Examples.
@\
%) Example (Preparation of Antimicrobial zeolite)
N
S
O In this Example, there were used the following three kinds of zeolit% materials:
@\
“ .
8 5 Zeolite A (Na,0 - AlL,O, - 1.9Si0, - xH,0, having an average particle size of 1.5
@\

1 m); Zeolite X (Na,0 - ALLO, - 2.3Si0, - xH,0, having an average particle size of
2.5 um); and Zeolite Y (Na,O - ALO, - 4Si0, - xH,0, having an average particle
size of 0.7 xm). In addition, as salts for providing respective ions for the
ion-exchange of these zeolite materials, there were used the following three

10 kinds of salts: silver nitrate; zinc nitrate; and ammonium nitrate.

After the completion of the ion-exchange operations, each zeolite material was
washed with water and then a hardly soluble zinc salt was formed within fine
pores of each zeolite material using the following three kinds of compounds:
hydrogen peroxide (in the form of an aqueous solution), ammonium gxalate and
15 ammonium citrate to thus form samples (Nos. 1 to 5) of the antimicrobial zeolite

products according to the present invention. Separately, the same procedures

used above for preparing the sample No. 1 were repeated except for amitting the
treatment with hydrogen peroxide (as an aqueous solution) to thus give a

comparative sample No. 6 which was free of any hardly soluble zinc salt.

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02:20
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The following Table 1 shows the kinds of zeolite materials, the
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kinds and

concentrations of salts contained in the mixed aqueous solution, and the kinds

and concentrations of salts included in the aqueous solution of con
forming the hardly soluble zinc salt, which were used in the pre

respective samples.

Each sample (1 kg of the powder thereof obtained by drying the

heating the same at 110C) was dispersed in water to give 1.3 L

followed by the degassing of the slurry with stirring and the addition

npounds for

paration of

sample by

of a slurry,

ot a proper

amount of a 0.5N nitric acid aqueous solution and an additional amount of water

to the slurry to thus control the pH value thereof to a level ranging from 5 to 7 and

to thus give a slurry having a total volume of 1.8 L. Then 3 L of & mixed aqueous

solution containing desired salts in desired concentrations was added thereto to

thus give a slurry having a total volume of 4.8 L, for the purpose of the

ion-exchange of the sample zeolite, the resulting slurry was maintained at a

temperature ranging from 40 to 60°C and the slurry was held at its

equilibrium

state over 16 hours with stirring. After the completion of the ion-exchange

treatment, the zeolite phase was filtered and the recovered zeolite

washed with warm water or water maintained at room temperature till

phase was

the excess

silver ions and zinc ions were completely removed from the zeolite phase.

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02-20




20/02 2007 16:16 FAX COLLISON & CO > IP AUST CANBERRA [@027/077

-
- 16
S
@\
% Subsequently, one liter of an aqueous solution of a compound for forming a
S
o hardly soluble zinc salt was admixed with the zeolite phase, the resulting slurry
@\

was maintained at a temperature ranging from 40 to 60°C and the slurry was
oo
fQ maintained at its equilibrium state over 16 hours with stirring. After the
-
8 5 completion of the reaction and the exchange, the zeolite phase waslfiltered and
-
8 the recovered zeolite phase was washed with warm water or water mFintained at
Q\!

room temperature till the excess compound was completely removed from the

zeolite phase. Then the sample was dried by heating the same at 110°C.

The metal ion content of each resuiting zeolite product was determined by the
10 fluorescent X-ray analysis while the ammonium ion content thereof was

determined by the absorption spectrophotometry using indophenol.

Table 1
Sample | Kind  of | Content in Zeolite (%) Yield (g)
No. Zeolite
NH, Ag Zn
1 A 08 2.5 5.2 940
2 A 1.2 1.0 14.1 950
3 A 42 1.0 8.2 940

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02:20
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!
4 X . . .
o 0.5 , 5.0 3.1 940
-
@\
5 Y 1.0 5.0 0.8 940
o0
Q 6 A 0.8 2.5 5.3 ~ |jo0
-
-
Q\ .
~ Table 1 (Continued)
-
-
@\
Sample | Comp. of Ag. Mixed |pH | Comp. of Aq. Soln. for Forming
No. Soln. (MA) Hardly Soluble Zn Salt
NH., |Ag Zn Compound Conc.
(ML)
NO; |NO, | (NO),
1 1.0 0.07 |06 7.4 | Ag. Hydrogen peroxide || 1.0
2 20 0.03 |20 7.3 | Ammonium oxalate 1.4
3 35 0.03 |1.0 7.2 | Ammonium citrate 1.0
4 1.2 0.15 |03 7.2 | Aq. Hydrogen peroxide 1.0
5 3.1 0.15 (0.1 7.4 | Ag. Hydrogen peroxide 1.0
6 1.0 0.07 |06 7.1 | None --

Test Example 1 (Test for Examining Antifungal Activity)

COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-02:20
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ﬁ The antimicrobial activities of the antimicrobial zeolite products obtained in
m -
8 Examples and Comparative Example were determined on the basis of the MIC
against fungi. The results thus obtained are summarized in the following Table 2.
oo
N
c~
- Table 2
-
Q\
c~
g Sample No. | Aspergillus niger Fungi belonging to | Chaetomiym
@\
genus Penicillium
NBRC6341 NBRC6347
NBRC6352
1 500 500 500
2 500 500 500
3 250 500 250
4 500 500 500
5 500 500 500
6 500 500 500
5 The data listed in Table 2 clearly indicate that all of the respective antimicrobial
zeolite samples show excellent antitungal activities and the antifungal activities
thereof are almost identical to one another.
COMS ID No: SBMI-06318564 Received by IP Australia: Time (H:m) 16:59 Date (Y-M-d) 2007-0220
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Test Example 2 (Test for Examining Antibacterial Activity)

20 Feb 2007

The antimicrobial zeolite products obtained in Examples and CGomparative
Example were dried by heating, each of the zeolite products was then

incorporated into a resin through kneading in an amount of 1% by mass and the

(424

resulting resin containing the zeolite was injection-molded |into each

2007200738

corresponding sample of the antimicrobial resin campasition. Each resulting
sample was inspected for the antimicrobial activity with respect to the processed
antimicrobial good according to JIS Z2801. In this test, there were used
Escherichia coli and Staphylococcus aureus as the bacterial species for
10 examining the antimicrobial activity. The following Table 3 shows the kinds of
resins used for forming molded articles and the results obtained in the

antimicrobial activity test.
Test Example 3 (Test for Examining Color Change)

The antimicrobial zeolite products obtained in Examples and Comparative
15 Example were dried by heating, each of the zeolite products was then
incorporated into a resin through kneading in an amount of 1% by mﬂss and the
resulting resin containing the zeolite was injection-moided into each
corresponding sample of the antimicrobial resin composition. Each resulting

sample was inspected for any color change observed after the irradiation thereof
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with the light rays emitted from a black light of 100W for 100 hours and the color

change was expressed in terms of the color difference A E between respective

20 Feb 2007

color values in the L*-a*-b* colorimetric system observed before and after the
light-irradiation treatment. In this respect, each color value was determined for
each sample placed on a white Kent paper using a colorimetric colar difference

meter available from Minolta Camera Co., Ltd. The following Table 3 likewise

2007200738

shows the kinds of resins used for forming molded articles and | the results

obtained in the color change test.

Table 3

Sample Kind of Resin | Results of Antimicrobial Activity Test [ Color Change
No. Used (Values of Antimiprobial Activities) Test

Escherichia coli Staphylococcus (color
aureus ql'ffe rence AE)

1 PE, NUCB8009 40 3.6 0.04

2 PP, J707WT 43 ' 3.4 0.04

3 - | ABS, Styrac 220 | 4.1 3.8 0.02

4 PE, NUC8009 45 38 0.06
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& 5 PE,NUC8009 | 4.0 |37 0.08
-
(@\|
6 PE, NUCB8009 3.4 3.2 6.28
o0
fQ PE: NUCB009 (Trade name of a polyethylene produced by Nippon Unicar Co.,
-
8 Lid.)
C~
S
@\ PP: J707WT (Trade name of a polypropylene produced by Grand Polymer K.K.)

- ABS: styrac 220 (The trade name of an ABS product available from Asahi

5 Chemical Industry Co., Ltd.)

The results listed in Table 3 clearly indicate that there is not observed any color
change in the molded article (Sample Nos. 1 to 5) of each antimicrobial resin
compasition which comprises the antimicrobial zeolite of the present invention,
which is prepared by forming hardly soluble zinc salt within fine pores of the
10  zeolite using an aqueous hydrogen peroxide, ammanium oxalate or ammonium

citrate.

Contrary to this, the comparative sample No. 6 which does not comprise hardly
soluble zinc salt possesses an antimicrobial activity almost comparable to those
observed for the sample Nos. 1 to 5, but distinct color change is observed for the

15 comparative sample.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Antimicrobial zeolite comprising zeolite wherein a hardly soluble zinc salt
is formed within fine pores present therein wherein the hardly soluble zinc salt

formed within the fine pores is zinc oxalate or zinc citrate.

2.  An antimicrobial composition comprising the antimicrobial zeolite as set

forth in claim 1 in an amount ranging from 0.05 to 80% by mass.

3.  The antimicrobial composition as set forth in claim 2, wherein it is an

antimicrobial resin composition.




