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(57) ABSTRACT 

The present invention herein provides antimicrobial zeolite 
which hardly causes any color change with the elapse of 
time even when it is incorporated into a resin to form an 
antimicrobial resin composition. The present invention thus 
relates to antimicrobial zeolite which comprises zeolite 
whose ion-exchangeable ions are partially or wholly 
replaced with hydrogen ions and silver ions; and an antimi 
crobial resin composition which comprises the foregoing 
antimicrobial zeolite in an amount ranging from 0.05 to 80% 
by mass. 
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ANTIMICROBAL. ZEOLITE AND 
ANTIMICROBAL RESIN COMPOSITION 

TECHNICAL FIELD 

0001. The present invention relates to antimicrobial Zeo 
lite and an antimicrobial composition containing the Zeolite 
and more specifically, to antimicrobial Zeolite and an anti 
microbial composition and, in particular, an antimicrobial 
resin composition, which hardly undergo any color change 
with the elapse of time. 

BACKGROUND ART 

0002 There has been well known antimicrobial zeolite 
which comprises a Zeolite material whose ion-exchangeable 
metal ions are replaced with antimicrobial metal ions such as 
silver, copper and/or Zinc ions as well as an antimicrobial 
composition containing the antimicrobial Zeolite. In this 
respect, it has been known that an antimicrobial resin 
composition comprising a resin and Such antimicrobial 
Zeolite incorporated therein undergoes color change with the 
elapse of time. As a means for Solving the problem that a 
conventional antimicrobial Zeolite of this type undergoes a 
color change with time, there has been proposed a technique 
in which silver ions and ammonium ions are incorporated 
into Zeolite (Patent Document 1 specified below). 
0003. The antimicrobial zeolite disclosed in this docu 
ment is in fact a quite excellent antimicrobial agent since it 
is certainly excellent in its durability of antimicrobial prop 
erties observed when allowing it to stand in water or in the 
air and it does not cause any deterioration even when 
incorporated into in a resin through kneading operations. 

0004 The, antimicrobial zeolite disclosed in this docu 
ment does not suffer from any problem Such that it may 
undergo any extreme color change under the usual use 
conditions, but it sometimes undergoes a color change with 
time under severe conditions, for instance, when it is 
exposed to intensive ultraviolet light rays over a long period 
of time. The Zeolite does not lose its antimicrobial properties 
peculiar thereto even when it undergoes such a color change, 
but when adding the antimicrobial zeolite to a product, the 
latter may often result in discoloration and commercial value 
of the product may sometimes significantly be damaged 
depending on the kinds of the product. 
0005 Patent Document 1: Japanese Un-Examined Patent 
Publication Sho 63-265.809. 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0006. Accordingly, it is an object of the present invention 
to provide antimicrobial zeolite which hardly causes any 
color change with the elapse of time even when it is 
incorporated into a resin to form an antimicrobial resin 
composition. 
0007. It is another object of the present invention to 
provide an antimicrobial composition containing the fore 
going antimicrobial Zeolite and, in particular, an antimicro 
bial resin composition. 

Means for Solving the Problem 
0008. The present invention herein provides antimicro 
bial Zeolite and antimicrobial compositions containing the 
same, as will be detailed below: 

May 17, 2007 

0009 1. Antimicrobial zeolite comprising zeolite whose 
ion-exchangeable ions are partially or wholly replaced 
with hydrogen ions and silver ions. 

0010 2. The antimicrobial zeolite as set forth in the 
foregoing item 1, wherein it comprises not less than 
0.10% by mass of hydrogen ions. 

0011 3. An antimicrobial composition comprising anti 
microbial zeolite as set forth in the foregoing item 1 or 2 
in an amount ranging from 0.05 to 80% by mass. 

0012 4. The antimicrobial composition as set forth in the 
foregoing item 3, wherein it is a resin composition. 

Effects of the Invention 

0013 The antimicrobial zeolite of the present invention 
can be used in wide variety of goods even in those which 
have been hardly used in combination with the conventional 
antimicrobial zeolite because of the color change with the 
elapse of time. 

Best Mode for Carrying Out the Invention 
0014. The present invention will hereunder be described 
in more detail. 

0015. In the present invention, “Zeolite' may be either the 
naturally-occurring ones or the synthetic ones without any 
restriction. The Zeolite is in general an alumino-silicate 
having a three-dimensional skeletal structure and is repre 
sented by the following general formula: XMO. 
Al-OySiO.ZHO. In the general formula, M represents an 
ion-exchangeable ion having a valency of n and it is in 
general a metal ion having a valency of 1 or 2. The Suffix X 
represents the molar number of the corresponding metal 
oxide, y represents the molar number of silica, and Z 
represents the molar number of water of crystallization. 
0016 Specific examples of Zeolite usable herein include 
Zeolite A. Zeolite X, Zeolite Y. Zeolite T. Zeolite having a high 
silica content, Sodalite, mordenite, analcime, clinoptilolite, 
chabazite and erionite. However, the present invention is not 
restricted to these specific ones at all. The ion-exchange 
capacities of these exemplified Zeolite materials are typically 
as follows: 7 med/g for Zeolite A; 6.4 med/g for Zeolite X: 
5 med/g for Zeolite Y: 3.4 med/g for Zeolite T; 11.5 meq/g for 
Sodalite; 2.6 med/g for mordenite; 5 med/g for analcime; 2.6 
med/g for clinoptilolite; 5 med/g for chabazite; and 3.8 
med/g for erionite. Thus, all of these Zeolite materials have 
a high capacity Sufficient for allowing ion-exchange with 
hydrogen ions and silver ions. 
0017. The antimicrobial zeolite according to the present 
invention comprising one of the foregoing Zeolite materials, 
whose ion-exchangeable ions such as sodium ions, calcium 
ions, potassium ions, magnesium ions and/or iron ions are 
partially or wholly replaced with hydrogen ions and silver 
ions. The antimicrobial zeolite of the present invention may 
likewise comprise, in addition to silver ions, other antimi 
crobial metal ions and specific examples of Such other 
antimicrobial metal ions include copper, Zinc, mercury, lead, 
tin, bismuth, cadmium, chromium or thallium ions and 
preferably copper or Zinc ions. 
0018. The foregoing silver ions and other antimicrobial 
metal ions are preferably included in the antimicrobial 
Zeolite in an amount ranging from 0.1 to 15% by mass from 
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the viewpoint of the antimicrobial characteristic properties 
thereof. More preferably, the antimicrobial zeolite com 
prises silver ions in an amount ranging from 0.1 to 14.9% by 
mass and copper or Zinc ions in an amount ranging from 0.1 
to 8% by mass. 
0019. On the other hand, it would be suitable to adjust the 
content of hydrogen ions present in the Zeolite to not less 
than 0.05% by mass and preferably not less than 0.10% by 
mass from the viewpoint of the effective prevention of the 
occurrence of any color change of the Zeolite. In this 
connection, the term “96 by mass' used herein means that on 
the basis of the mass of each corresponding Substance 
determined after drying the same at 110° C. 
0020. The method for the preparation of the antimicrobial 
Zeolite according to the present invention will then be 
described in more detail below. 

0021. The following two methods can be used for the 
preparation of the antimicrobial Zeolite according to the 
present invention, which comprises hydrogen and silver ions 
(and, if necessary, other antimicrobial metal ions), but the 
present invention is not restricted to these specific methods 
at all. 

0022. The first method comprises the step of bringing a 
raw Zeolite material into contact with a mixed solution 
containing hydrogen ions, and silver ions (and, if necessary, 
other antimicrobial metal ions) to thus exchange ion-ex 
changeable ions present in the Zeolite with hydrogen ions 
and silver ions (and, if necessary, other antimicrobial metal 
ions). The second method comprises the steps of bringing a 
raw Zeolite material into contact with a mixed solution 
containing ions capable of generating hydrogen ions through 
the thermal decomposition of the same (hydrogen ion 
generating ions), and silver ions (and, if necessary, other 
antimicrobial metal ions) to thus exchange ion-exchange 
able ions present in the Zeolite with hydrogen ion-generating 
ions, and silver ions (and, if necessary, other antimicrobial 
metal ions); and heating the resulting product to convert the 
hydrogen ion-generating ions into hydrogen ions to thus 
give a Zeolite product comprising hydrogen and silver ions 
(and, if necessary, other antimicrobial metal ions). 
0023. According to the first method, zeolite is brought 
into close contact with a mixed solution prepared in advance 
and comprising hydrogen ions and silver ions (and, if 
necessary, other antimicrobial metal ions such as copper ions 
and/or Zinc ions) to thus exchange a part or the whole of the 
ion-exchangeable ions present in the Zeolite with the afore 
mentioned ions. The step for bringing them into contact with 
one another can be carried out in a batch-wise or continuous 
method at a temperature ranging from 10 to 70° C. and 
preferably 40 to 60°C., for a time ranging from 3 to 24 hours 
and preferably 10 to 24 hours. In this respect, a pH value of 
the foregoing mixed aqueous solution is Suitably adjusted to 
the range of from 3 to 10 and preferably 5 to 7. This is 
because the foregoing adjustment of the pH value would 
permit the prevention of any deposition of for instance, 
silver oxide on the Zeolite surface and/or within fine pores 
present therein. In addition, each ion present in the mixed 
aqueous solution is usually supplied in the form of a salt 
thereof. In other words, sources of each ion usable herein 
include, for instance, nitric acid, Sulfuric acid, acetic acid, 
perchloric acid and phosphoric acid for hydrogen ions; silver 
nitrate, silver Sulfate, silver perchlorate, silver acetate, diam 
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mine-silver nitrate salt and diammine-silver sulfate salt for 
silver ions; copper nitrate, copper Sulfate, copper perchlor 
ate, copper acetate and potassium tetracyano-cuprate for 
copper ions; Zinc nitrate, Zinc sulfate, Zinc perchlorate, Zinc 
acetate and Zinc thiocyanate for Zinc ions; mercury nitrate, 
mercury perchlorate 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 cadmium acetate for cadmium ions; chromium perchlo 
rate, chromium Sulfate, chromium ammonium sulfate and 
chromium nitrate for chromium ions; and thallium perchlo 
rate, thallium sulfate, thallium nitrate and thallium acetate 
for thallium ions. 

0024 Examples of the foregoing hydrogen ion-generat 
ing ions capable of being converted into hydrogen ions 
through the thermal decomposition thereof and used in the 
second method are ammonium ions, hydroxyl ammonium 
ions, various kinds of alkyl ammonium ions, and preferably 
alkyl ammonium ions whose alkyl group has 1 to 8 carbon 
atoms such as NHCH+. NH2(CH)+, NH(CH)+, 
N(CH)+, NH. (CHS)+, N(CHs)+, NH. (CH7)+. 
NH(CH)+. In this method, the Zeolite is brought into 
contact with a preliminarily prepared mixed aqueous solu 
tion containing ammonium ions, hydroxyl ammonium ions, 
alkyl ammonium ions and antimicrobial metal ions such as 
silver ions, copper ions, and/or Zinc ions so that the ion 
exchangeable ions present on the Zeolite are replaced with 
the foregoing ions. The step for bringing them into contact 
with one another can be carried out in a batch-wise or 
continuous method at a temperature ranging from 10 to 70° 
C. and preferably 40 to 60°C., for a time ranging from 3 to 
24 hours and preferably 10 to 24 hours. In this respect, a pH 
value of the foregoing mixed aqueous solution is Suitably 
adjusted to the range of from 3 to 10 and preferably 5 to 7. 
This is because the foregoing adjustment of the pH value 
would ensure the prevention of any deposition of, for 
instance, silver oxide on the Zeolite surface and/or within 
fine pores present therein. 
0025. In addition, each ion present in the mixed aqueous 
solution is usually supplied in the form of a salt thereof. In 
other words, sources of each ion usable herein include, for 
instance, ammonium nitrate, ammonium sulfate, ammonium 
acetate, ammonium perchlorate, ammonium thiosulfate and 
ammonium phosphate for ammonium ions; hydroxyammo 
nium hydrochloride for hydroxyammonium ions; methylam 
monium chloride, dimethylammonium chloride, trimethy 
lammonium chloride, tetramethylammonium chloride, 
ethylammonium chloride, diethylammonium chloride, tri 
ethylammonium chloride, tetraethylammonium chloride, 
propylammonium chloride and butylammonium chloride for 
alkylammonium ions; silver nitrate, silver Sulfate, silver 
perchlorate, silver acetate, diammine-silver nitrate salt and 
diammine-silver Sulfate salt for silver ions; copper nitrate, 
copper Sulfate, copper perchlorate, copper acetate and potas 
sium tetracyanocuprate for copper ions; Zinc nitrate, Zinc 
Sulfate, Zinc perchlorate, Zinc acetate and Zinc thiocyanate 
for Zinc ions; mercury nitrate, mercury perchlorate 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 cadmium acetate for 
cadmium ions; chromium perchlorate, chromium sulfate, 
chromium ammonium Sulfate and chromium nitrate for 
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chromium ions; and thallium perchlorate, thallium sulfate, 
thallium nitrate and thallium acetate for thallium ions. 

0026. The resulting ammonium ion-containing antimi 
crobial zeolite is, if necessary, dried and then heated, for 
instance, at a temperature ranging from 200 to 600° C. over 
a time ranging from 1 to 24 hours so that the ammonium 
ions, hydroxyammonium ions and/or alkylammonium ions 
are heat-decomposed to generate hydrogen ions. As a result, 
intended antimicrobial zeolite can be obtained, whose ion 
exchangeable ions are replaced with hydrogen ions and 
silver ions. 

0027. The contents of for instance, hydrogen ions and 
antimicrobial metal ions present in the resulting antimicro 
bial Zeolite can be controlled by appropriately adjusting the 
concentrations of every ion to be incorporated into the 
foregoing mixed aqueous Solution. For instance, when pre 
paring antimicrobial Zeolite comprising ammonium ions and 
silver ions, the ammonium ion concentration and the silver 
ion concentration of the foregoing mixed aqueous solution 
are adjusted to the ranges of from 0.2 to 2.5 M/L for the 
former and from 0.002 to 0.15 M/L for the latter and a raw 
Zeolite material is added to the mixed aqueous solution in an 
amount ranging from 500 to 2000 g per liter of the solution 
to thus bring the Zeolite into contact with the solution. Thus, 
the resulting antimicrobial Zeolite appropriately has an 
ammonium ion content ranging from 0.5 to 5% by mass and 
a silver ion content ranging from 0.1 to 5% by mass. 
Moreover, the resulting antimicrobial zeolite may then be 
heated to give antimicrobial Zeolite having a hydrogen ion 
content ranging from 0.05 to 0.40% by mass and a silver ion 
content ranging from 0.1 to 5% by mass. 
0028. Alternatively, when preparing antimicrobial zeolite 
further comprising copper ions and Zinc ions, the copper and 
Zinc ion concentrations in the foregoing mixed aqueous 
solution are adjusted to the ranges of from 0.1 to 0.85 M/L 
for the copper ions and from 0.15 to 1.2 M/L for the zinc 
ions. As a result, the antimicrobial Zeolite thus prepared 
appropriately has a copper ion content ranging from 0.1 to 
8% by mass and a Zinc ion content ranging from 0.1 to 8% 
by mass. 
0029. In the present invention, a plurality of aqueous 
Solutions each comprising individual ions may be used in 
place of a mixed aqueous Solution Such as those described 
above and a raw Zeolite material is brought into contact with 
these aqueous Solutions one by one so that the Zeolite thus 
undergoes desired ion-exchange reactions. The concentra 
tion of each ion present in each corresponding aqueous 
Solution can be determined according to the concentration of 
each corresponding ion species present in the foregoing 
mixed aqueous solution. 
0030. After the completion of the ion-exchange treat 
ment, the resulting zeolite is sufficiently washed with water 
and then dried. The Zeolite can preferably be dried at a 
temperature ranging from 105 to 115° C. under ordinary 
pressure, or at a temperature ranging from 70 to 90° C. under 
a reduced pressure ranging from 1 to 30 Torr. 
0031. In this connection, when the ion-exchangeable ions 
of Zeolite are replaced with, for instance, tin and/or bismuth 
ions, which are not easily accessible since there have been 
known only a small number of sources in the form of 
water-soluble salts, or organic ions, they may be subjected 
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to ion-exchange reactions using Solutions thereof in organic 
Solvents such as alcohols or acetone, while preventing the 
occurrence of any separation of the hardly water-soluble 
basic salts. 

0032. The antimicrobial characteristics of the antimicro 
bial Zeolite according to the present invention thus prepared 
can be assessed by determining the minimum growth 
inhibitory concentrations (MIC) against a variety of general 
bacteria, fungi and yeast. A test for determining MIC value 
comprises, for instance, Smearing a medium for plate cul 
ture, to which an antimicrobial Zeolite sample has prelimi 
narily been added in a given concentration, with a bacte 
rium-containing liquid for inoculation; cultivating at 35° C. 
for 24 hours in case of bacteria or at 25°C. for 4 days in case 
of fungi and yeast to thus determine the lowest possible 
concentration required for inhibiting the growth of each 
microorganism. The resulting lowest concentration is herein 
defined to be MIC value of each particular Zeolite sample. 
0033. The present invention also provides an antimicro 
bial composition and, in particular, an antimicrobial resin 
composition comprising the foregoing antimicrobial Zeolite 
of the present invention. Examples of resins usable herein 
are thermoplastic and thermosetting resins such as polyeth 
ylene, polypropylene, vinyl chloride resin, ABS resin, poly 
ester, polyvinylidene chloride, polyamide, polystyrene, 
polyacetal, polyvinyl alcohol, polycarbonate, acrylic resin, 
polyurethane, phenolic resin, urea resin, melamine resin, 
epoxy resin, fluoro-resin, rayon, cuprammonium rayon, 
acetate resin, a variety of elastomers, and naturally occurring 
and synthetic rubber. 
0034. The antimicrobial resin composition of the present 
invention can be prepared by, for instance, directly incor 
porating the foregoing antimicrobial Zeolite into the resin 
listed above through kneading or coating the Surface of the 
Zeolite with such a resin. The content of the antimicrobial 
Zeolite in the resin composition suitably ranges from 0.05 to 
80% by mass and preferably 0.1 to 80% by mass to impart 
antimicrobial/antifungal/antialgal activities to the resin. In 
this respect, however, the MIC value of the antimicrobial 
resin composition can likewise be determined by the same 
method described above in connection with the antimicro 
bial zeolite. Furthermore, it is preferred to control the 
content of the antimicrobial zeolite in the composition to the 
range of from 0.1 to 3% by mass in order to prevent the 
occurrence of any color change of the resin. 
0035. The foregoing antimicrobial zeolite and antimicro 
bial composition according to the present invention can be 
used in a variety of fields. 
0036). In the aquatic field, for instance, they can be used 
as an antimicrobial/antialgal agent for a water purifier, 
cooling tower water and various kinds of cooling water, and 
they can likewise be used as an agent for prolonging the life 
of cut flowers. 

0037. In the field of paint and varnish, they may directly 
be incorporated into various kinds of paints and varnishes 
Such as oil based paints and varnishes, lacquer coatings, 
varnish coatings, alkyl resin coatings, amino alkyd resin 
coatings, vinylic resin coatings, acrylic resin coatings, epoxy 
resin coatings, urethane resin coatings, aqueous emulsion 
resin coatings, powder coatings, chlorinated rubber coatings 
and phenolic resin based coatings, or by applying them onto 
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the Surface of the coated layer prepared using the foregoing 
paints to thus impart antimicrobial/antifungal/lantialgal 
activities to the surface of the coated layer. 
0038. In the field of construction, the foregoing antimi 
crobial Zeolite and antimicrobial composition according to 
the present invention can be used by mixing them with, for 
instance, joint materials, wall materials or tiles; or coating 
the surface of these materials with them to thus impart 
antimicrobial/antifungal/antialgal activities to these materi 
als. 

0039. In the field of papermaking, they may be used, for 
instance, by watermarking them into wet tissue paper, paper 
packaging materials, corrugated fiberboard, paper for 
spreading under various Substances, paper for freshness 
keeping, or by coating these paper materials with the anti 
microbial Zeolite and antimicrobial composition to impart 
antimicrobial/antifungal/antialgal activities to the materials. 
Moreover, they may likewise be used, in particular, as a 
slime-controlling agent (a slime generation-inhibitory 
agent). 
0040. The antimicrobial zeolite according to the present 
invention can be used not only in the foregoing fields, but 
also any field which requires the prevention and control of 
the generation and proliferation of, for instance, general 
bacteria, fungi, yeast and algae and requires the extinction 
thereof. 

EXAMPLES 

0041. The present invention will hereunder be described 
in more detail with reference to the following Examples. 

Example 

Preparation of Antimicrobial Zeolite 
0042. In this Example, there were used the following 5 
kinds of raw zeolite materials: Zeolite A 
(NaO. Al-O.1.9SiOXHO; average particle size: 1.5 um); 
Zeolite X (NaO. Al-O.2.3SiOXHO; average particle 
size: 2.5 lug m); Zeolite Y (NaO. AlO4SiOXHO; aver 
age particle size: 0.7 um); naturally occurring mordenite 
(having a particle size ranging from 150 to 250 mesh); and 
clinoptilolite (having a particle size ranging from 150 to 250 
mesh). In addition, there were used the following four kinds 
of Sources or salts for each ion used in the ion-exchange of 
these Zeolite materials: silver nitrate, copper nitrate, Zinc 
nitrate, and ammonium nitrate. 

Sample Kinds Content in Zeolite (%). Yield NHA Ag Cu Zn of 

No. of Zeolite NH' Ag Cu 

1 A 2.5 2.5 - 
2 A 1.2 1.0 — 
3 A S.O 1.O 6.1 
4 X 1.6 2.5 — 
5 Y 1.1 1.0 — 
6 mordenite O.9 O.S - 
7 clinoptilolite O.8 O.1 3.0 
8. A — 2.5 — 
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0043. The following Table 1 shows the kinds of raw 
Zeolite materials, the kinds of salts contained in mixed 
aqueous Solutions and the concentrations thereofused in the 
preparation of the corresponding samples. As a result, there 
were prepared samples Nos. 1 to 10 of antimicrobial zeolite. 

0044) More specifically, each sample of the antimicrobial 
Zeolite was prepared by adding water to 1 kg of Zeolite 
powder preliminarily dried through heating to a temperature 
of 110° C. to thus give 1.3 L of a slurry; then degassing the 
slurry with stirring; and adjusting the pH value of the slurry 
to the level of 5 to 7 by the addition of a 0.5Naqueous nitric 
acid solution and water to thus control the total volume of 
the slurry to 1.8 L. For the purpose of the ion-exchange 
treatment, the total volume of the slurry was then adjusted 
to 4.8 L by the addition of 3 L of a mixed aqueous solution 
containing desired salts at desired concentrations, then the 
slurry was maintained at a temperature ranging from 40 to 
60° C. and the slurry was kept at its equilibrium state over 
16 hours with stirring. After the completion of the ion 
exchange treatment, the Zeolite phase was filtered off, fol 
lowed by washing the same with water maintained at room 
temperature or warmed water till all of the excess silver, 
copper and Zinc ions present in the Zeolite phase were 
removed. Then each sample was dried by heating the same 
at 110° C. to thus give 10 kinds of samples. The samples 
Nos. 1 to 7 were further heat-treated at 200° C. for 3 hours. 
The resulting samples were inspected for various character 
istic properties and the results thus obtained are likewise 
listed in the following Table 1. The samples Nos. 1 to 7 are 
products according to the present invention (Examples; o: 
heat-treatment), while the samples Nos. 8 to 10 are products 
according to Comparative Examples (X: no heat-treatment). 
The content of hydrogen ions present in each antimicrobial 
Zeolite sample was determined by the calculation on the 
basis of the value obtained by subtracting the amount of 
ion-exchanged ions other than hydrogen ions from the 
theoretical ion-exchange capacity of the Zeolite used. In this 
connection, the samples Nos. 8 to 10 of Comparative 
Examples were not heat-treated and accordingly, they do not 
comprise any hydrogen ion. 

0045. The contents of metal ions were determined 
according to the fluorescent X-ray analysis and that of 
ammonium ions was determined according to the absorption 
spectrophotometry using indophenol. 

TABLE 1. 

Composition of Mixed Aq. Soln. 
ML pH H+ ion 

Heat- content 

Zn (g) NO NO (NO) (NO), Soln. Treatment (%) 

- 940 3.0 O.O7 6.8 O O.19 
14 930 2.0 O.O3 2.0 7.2 O O.10 

910 4.5 O.O3 1.2 7.4 O O.39 
6.3 930 2.5 O.O7 1.O 6.8 O O.13 
S.1 940 1.7 O.O3 1.O 6.4 O O.10 
3.0 9SO 1.8 O.O2 0.7 7.5 O O.12 
- 940 18 O.O2 0.7 7.4 O O.13 
- 930 - O.O7 6.9 X O 
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TABLE 1-continued 
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Composition of Mixed Aq. Soln. 
ML pH H+ ion 

Sample Kinds Content in Zeolite (90). Yield NH4 Ag Cu Zn of Heat- content 

No. of Zeolite NH Ag Cu Zn (g) NO NO (NO) (NO), Soln. Treatment (%) 

9 A 2.5 2.5 - - - 940 3.O O.O7 6.8 X O 
10 X 1.6 2.5 6.3 930 2.5 O.O7 1.O 6.8 X O 

Test Example 1 

Test for Antifungal Properties 
0046) The antimicrobial properties of the antimicrobial 
Zeolite products prepared in Examples and Comparative 
Examples were evaluated by the determination of the MIC 
values thereof against various fungi. The results thus 
obtained are summarized in the following Table 2. 

TABLE 2 

Aspergilius Fungi belonging to 
Sample niger genus Penicilium Chaetonium 
No. NBRC6341 NBRC6352 NBRC6347 

1 500 500 500 
2 500 500 500 
3 250 500 250 
4 500 500 500 
5 500 500 500 
6 500 500 500 
7 500 500 500 
8 500 500 500 
9 500 500 500 
10 500 500 500 

0047. The data listed in Table 2 clearly indicate that all of 
the antimicrobial zeolite samples tested have excellent anti 
fungal properties and that the extents thereof are almost 
identical to one another. 

Test Example 2 

Test for Antimicrobial Properties 
0.048. After drying the antimicrobial zeolite samples pre 
pared in Examples and Comparative Examples through 
heating, each of them was incorporated into a resin through 
kneading in a kneaded amount of 1% by mass and then the 
resulting resin composition was injection molded to give a 
sample of each corresponding antimicrobial resin composi 
tion. The resulting samples were evaluated for their antimi 
crobial properties in an antimicrobially processed good 
according to the method as specified in JIS Z2801. Bacteria 
as used herein were Escherichia coli and Staphylococcus 
aureus. The following Table 3 shows the kinds of resins used 
in the molded articles and the results obtained in the fore 
going test for evaluating the antimicrobial properties of 
these articles. 

Test Example 3 

Test for Color Change 
0049. After drying the antimicrobial zeolite samples pre 
pared in Examples and Comparative Examples through 

heating, each of them was incorporated into a resin through 
kneading in a kneaded amount of 1% by mass and then the 
resulting resin composition was injection molded to give a 
sample of each corresponding antimicrobial resin composi 
tion. The resulting samples each were inspected for color 
change observed after the irradiation thereof with black light 
rays of 100 W over 100 hours and each color change was 
evaluated on the basis of the color difference AE between the 
color observed after the foregoing light-irradiation treatment 
and each color value of the L*-a-b calorimetric system as 
determined prior to the light-irradiation treatment. The color 
value was herein determined by placing each sample on a 
sheet of white Kent paper, while using the Minolta's Color 
and Color Difference Meter. The following Table 3 shows 
the kinds of resins used for forming the molded articles and 
the results obtained in the foregoing tests for evaluating the 
color change of these articles. 

TABLE 3 

Results of Tests on Test of 
Antimicrobial Properties Color 
(Values of Antimicrobial Change 

Activity Color 

Sample Escherichia Staphylococcus Difference 
No. Kind of Resin coi (iiietS (AE) 

1 PE: Petrothene 3.5 3.3 O.O7 
2O7R 

2 PP: J707 WT 4.2 3.0 O.OS 
3 ABS: Styriac 4.7 4.1 O.09 

220 
4 PA: NOVAMID 3.3 3.6 O.04 

O10 
5 PS: TISOOA 4.3 4.0 O.OS 
6 PE: NUC8009 3.2 3.7 O.O6 
7 PE: NUC8009 3.5 3.0 O.O7 
8 PE: Petrothene 3.1 2.8 12.5 

2O7R 
9 PE: Petrothene 3.0 3.1 6.42 

2O7R 
10 PA: NOVAMID 2.8 3.0 541 

O10 

PE: Petrothene 207R (The trade name of a polyethylene product available 
from Tosoh Corporation); PP: J707WT (The trade name of a polypropy 
lene available from Grand Polymer K.K.); ABS: Styrac 220 (The trade 
name of an ABS product available from Asahi Chemical Industry Co., 
Ltd.); PA: NOVAMID1010 (The trade name of a polyamide product avail 
able from Mitsubishi Engineering Plastics K.K.); PS: TI500A (The trade 
name of a polystyrol product available from Dainippon Ink and Chemi 
cals, Inc.); and PE: NUC8009 (The trade name of a polyethylene product 
available from Nippon Unicar Co., Ltd.). 

0050. The sample No. 7 free of any ammonium ion 
underwent significant color change. In addition, in the 
sample Nos. 9 and 10, in which the antimicrobial metal ions 
were partially exchanged with ammonium ions, the extent of 
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color change was almost reduced by half as compared with 
that observed for the sample No. 8, but there was still 
observed distinct color change. 
0051 Contrary to this, it could be confirmed that there 
was not observed any color change in each of the sample 
Nos. 1 to 7, in which the ammonium ions present therein 
were converted into hydrogen ions through the heat-treat 
ment described above. 

1. Antimicrobial Zeolite comprising Zeolite whose ion 
exchangeable ions are partially or wholly replaced with 
hydrogen ions and silver ions. 

May 17, 2007 

2. The antimicrobial zeolite as set forth in claim 1, 
wherein it comprises not less than 0.10% by mass of 
hydrogen ions. 

3. An antimicrobial composition comprising antimicro 
bial Zeolite as set forth in claim 1 in an amount ranging from 
0.05 to 80% by mass. 

4. The antimicrobial composition as set forth in claim 3, 
wherein it is a resin composition. 

5. An antimicrobial composition comprising antimicro 
bial Zeolite as set forth in claim 2 in an amount ranging from 
0.05 to 80% by mass. 

k k k k k 


