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1
DESCRIPTION

ANTIBACTERIAL AGENT COMPOSED OF SILVER-CONTAINING ALUMINUM
SULFATE HYDROXIDE PARTICLES AND USE THEREOF

Field of the Invention

The present invention relates to an antibacterial agent composed of silver-
containing aluminium sulphate hydroxide particles. More specifically, it relates to an
antibacterial agent composed of silver-containing aluminum sulphate hydroxide
particles having specific particle properties (particle shape, particle size uniformity,
average secondary particle diameter, specific surface area, etc.). It also relates to a
method of manufacturing the antibacterial agent.

Further, it relates to an antibacterial resin composition (including a master
batch) having excellent filter passability at the time of kneading and extrusion and
dispersibility as performances required when the antibacterial agent is kneaded and
mixed with a resin. It also relates to antibacterial resin molded articles which are
formed from the resin composition and excellent in dispersibility, transparency,
whiteness and antibacterial properties (including antibacterial action retention
characteristics after contact with tap water) and to antibacterial resin products such as
antibacterial films, antibacterial fibers, antibacterial coatings, antibacterial nonwoven
fabrics and antibacterial caulking materials. Further, it relates to antifungal agents,
antibacterial deodorizing agents, antibacterial paper, agricultural chemicals and
cosmetics.

Description of the Prior Art

A reference herein to a patent document or other matter which is given as prior art is
not to be taken as an admission that that document or matter was, in Australia, known or that
the information it contains was part of the common general knowledge as at the priority date
of any of the claims. .

Throughout the description of this specification the word “comprise” and variations of
that word, such as “comprises” and “comprising”, are not intended to exclude other additives
or components or integers.

In general, the multiplication of bacterial proceeds

C:\powor\SPEC-818771.doc
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in a high-temperature and high-humidity environment, which
may cause a serious problem in a residential environment from
the viewpoints of safety and hygiene. To solve this problem,
there is proposed a technology such as antibacterial resin
compositions which are prepared by mixing an organic
antibacterial agent or an inorganic antibacterial agent with
a resin or others to be made antibacterial so as to prevent
damage from bacteria. Out of these antibacterial agents,
demand for the inorganic antibacterial agent is growing
because the inorganic antibacterial agent is relatively
safe.

As the inorganic antibacterial agent, there are
proposed a large number of antibacterial resin compositions
comprising an antibacterial agent which has silver carried
on an inorganic compound or is ion exchanged with silver
because silver has relatively high antibacterial activity
and relatively high safety.

For example, JP-A 6-212019 discloses a technology for
an antibacterial resin composition comprising silver carried
on zirconium phosphate. However, the antibacterial resin
composition prepared by mixing an antibacterial agent with
a resin has slightly improved whiteness but is not perfect
in terms of all of antibacterial properties, dispersibility,
transparency and antibacterial action retention
characteristics after contact with tap water and still has
a problem to be solved.

Particularly, this prior art has a problem that when
the antibacterial resin composition is used in contact with
tap water for awhile, the antibacterial activity of the resin
composition is totally lost or greatly reduced, whereby it
cannot be used for a long time and damage from bacteria cannot
be prevented. Therefore, it is important to solve this
problem.

Describing this problem with reference to a specific
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example, tap water is always used in kitchens, bathrooms and
toilets and clothes are used many times by washing them in
tap water. Therefore, antibacterial resin products used in
these places or under the above condition must exhibit
antibacterial properties to prevent damage from bacteria
even when they come into contact with tap water for a long
time. Although the antibacterial resin product of the prior
art exhibits antibacterial properties to a certain extent
right after the manufacture of the resin product, the
antibacterial activity of the resin product is totally lost
or greatly reduced after it is used in contact with tap water
for a while and the resin product cannot prevent damage from
bacteria at all after the passage of a long time.

JP-A 2000-7326 discloses a spindle-shaped or spherical
alkali aluminum sulfate hydroxide which is represented by
the formula MAl;(S0O4).(0OH)¢ (M is an alkali metal or ammonium
group) and has a BET specific surface area of 30 m*/g or less.
In this document, particles having a sharpness Rs = D;s5/Dss
of a particle size distribution obtained by dividing the
particle diameter D,s (on the large particle diameter side)
of the 25 % value by the particle diameter D,;s (on the small
particle diameter side) of the 75 % value of a volume-based
cumulative particle diameter measured by a Coulter counter
method of 1.45 to 1.61 are shown in Examples and the methods
of manufacturing the particles and a resin composition
comprising the particles are introduced.

The above patent document includes a general
description that M of the compound can include an element
having the effect of exhibiting antibacterial properties,
such as Ag, zZn or Cu to obtain antibacterial particles.
However, there are no descriptions and examples of an
antibacterial agent and an antibacterial resin product.

JP-A 2000-7326 fails to disclose that particles having

a high sharpness of 1.4 or less can be manufactured uniformly
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and the particles can be dispersed in a resin};,_‘berfectly in a monodisperse state,
thereby improving the performance of the=particlés and filter passability at the time of
kneading and extrusion, and have excellent whiteness.

This patent document has no detailed description of an antibacterial resin
composition prepared by mixing the antibacterial agent particles with a resin,
antibacterial resin molded articles formed from the resin composition, and
antibacterial resin products such as antibacterial films, antibacterial fibers,
antibacterial coatings and antibacterial caulking materials, and antifungal agents,
antibacterial deodorizing agents, antibacterial paper, agricultural chemicals and
cosmetics. '

It would therefore be desirable to provide an antibacterial agent composed of
silver-containing aluminum sulphate hydroxide particles which have solved the
problems of the inorganic antibacterial agent of the prior art, have high dispersibility,
transparency, whiteness and also excellent antibacterial properties, especially
antibacterial action retention characteristics after contact with tap water when they are
mixed with a substance to be made antibacterial such as a resin as the performances
of an antibacterial agent, and contain silver in a specific_ amount, an antibacterial
agent composed of silver-containing aluminum sulphate hydroxide particles which are
designed to be excellent particularly in the above characteristic properties of the
antibacterial agent and have specific particle properties (particle shape, particle size
uniformity, average secondary particle diameter, specific surface area, etc.), and
further a method of manufacturing the antibacterial agent.

It would also be desirable to provide an antibacterial resin composition
(including a master batch) having excellent filter passability at the time of kneading
and extrusion when an antibacterial agent is kneaded and mixed by using a resin
kneading extruder and excellent dispersibility, antibacterial resin molded articles
formed from the resin composition and having excellent dispersibility, transparency,
whiteness and antibacterial properties, especially antibacterial action retention
characteristics after contact with tap water, and antibacterial resin products such as
antibécterial films, antibacterial fibers, antibacterial nonwoven fabrics, antibacterial
coatings and antibacterial caulking materials.

The prior art has a problem that when an antibacterial resin product is used
under a tap water contact environment for a while, its antibacterial activity is totally
lost or greatly reduced in a short period of time. In view of this, ‘it is still another object

C:\po\wort\SPEC-818771.00¢
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of the present invention to provide an antibacterial resin composition which can retain
antibacterial properties for a long time even in places where tap water is always used,
such as kitchens, bathrooms and toilets, or under the condition that products such as
cloths are washed in tap water many times, products formed from the composition, an
antibacterial agent to be mixed with the resin composition and a method of
manufacturing the antibacterial agent.

It would also be desirable to attain a technology which is generally carried out
before an antibacterial resin product is obtained, that is, to solve a problem that the
machine cannot be operated for a long time and a filter must be exchanged in a short
period of time due to low filter passability (pressure of an extruder) at the time of
kneading and extruding a resin when a master batch (MB) is manufactured from a
resin and an antibacterial agent by using a resin kneading extruder. If the machine
can be operated for a long time, resources, energy, labor and time required for
exchanging the filter can be cut, thereby making it possible to provide an antibacterial
resin composition and an antibacterial resin product to the society at a lower cost,
which is of great industrial value.

It would also be desirable to provide products other than the above
antibacterial resin products, making use of the characteristic properties of the
antibacterial agent, that is, antifungal agents, antibacterial deodorizing agents,
antibacterial paper, agricultural chemicals and cosmetics.

The inventors of the present invention have conducted intensive studies and
have found that silver-containing aluminum sulphate hydroxide particles represented
by the following formula (X-I) or (Y-I) have excellent antibacterial properties as the
performance of an antibacterial agent, a resin composition comprising the particles
and molded articles formed from the composition are also excellent in antibacterial
properties as well as filter passability at the time of kneading and extrusion,
whiteness, transparency and antibacterial action retention characteristics after contact
with tap water, and antibacterial resin products such as antibacterial films,
antibacterial fibers, antibacterial nonwoven fabrics, antibacterial coatings and
antibacterial caulking materials are also excellent in whiteness, transparency and
antibacterial action retention characteristics after contact with tap water. The present

invention has been accomplished based on this finding.

C:\po\word\SPEC-810771.doc
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The inventors have further found that the above particles can be
advantageously used in antifungal agents, antibacterial deodorizing agents,
agricultural chemicals and cosmetics other than molded articles, making use of their

C:\po\word\SPEC-819771.doc
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antibacterial properties. The present invention has also
been accomplished based on this finding.

According to the present invention, there is provided
an antibacterial agent composed of silver-containing
aluminum sulfate hydroxide particles represented by the
following formula (X-I) or (Y-I).

(AgaBp-a) bAlcAx (SO4) y (OH) ;- pH,0 (X-I)

In the formula (X-I), a, b, ¢, x, y, z and p satisfy 0.00001
=a<0.5 0.7=b=1.35,2.7<c<3.3, 0.001=x=0.5,
1.7<y <2.5 4<z<7and 0= p = 5, respectively, B is
at least one monovalent cation selected from the group
consisting of Na', NH,", K' and H;0', the total value (1b +
3c) obtained by multiplying the valences by the numbers of
mols of the cations satisfies 8 < (1b + 3c) < 12, and A is
an organic acid anion.

[AgaBp-al » [M3-cAlc] (SO4)y (OH) . PH,0 (Y-T)

In the formula (Y-I), a, b, ¢, y, 2z and p satisfy 0.00001
= a<0.5 0.8=Db=1.35 2.5=c=23,1.7<yc< 2.5,
4 <z< 7and 0 =S p £ 5, respectively, B is at least one
monovalent cation selected from the group consisting of Na‘,

NH,"”, K' and H;0', and M is Ti or 2Zn.

Brief Description of the Drawings

Fig. 1 is a SEM photomicrograph of spherical particles
Al in Example X-I-1;

Fig. 2 is a SEM photomicrograph of spherical particles
A20 in Example X-I-20;

Fig. 3 is a SEM photomicrograph of spherical particles
A21 in Example X-I-21;

Fig. 4 is a SEM photomicrograph of spherical particles
A22 in Example X-I-22;

Fig. 5 is a SEM photomicrograph of spherical particles
A30 in Example X-I-30;

Fig. 6 is a SEM photomicrograph of spherical particles
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A31 in Example X-I-31;

Fig. 7 is a SEM photomicrograph of disk-1like particles
Bl-1 in Example X-I-32-1;

Fig. 8 is a SEM photomicrograph of paired particles
Cl in Example X-I-35;

Fig. 9 is a SEM photomicrograph of rice grain-like
particles D1 in Example X-I-38;

Fig. 10 is a SEM photomicrograph of rectangular
parallelepiped particles E1 in Example X-I-41;

Fig. 11 is a SEM photomicrograph of hexagonal
plate-like particles F1 in Example X-I-45;

Fig. 12 is a SEM photomicrograph of octahedral
particles Gl in Example X-I-46;

Fig. 13 is a SEM photomicrograph of columnar particles
Hl in Example X-I-47;

Fig. 14 is a SEM photomicrograph of agglomerated
particles V1 in Comparative Example X-I-1;

Fig. 15 is a SEM photomicrograph of spherical particles
Y-A-1-1 in Example Y-I-1-1;

Fig. 16 is a SEM photomicrograph of spherical particles
Y-A-4 in Example Y-I-4;

Fig. 17 is a SEM photomicrograph of spherical particles
Y-A-5 in Example Y-I-5;

Fig. 18 is a SEM photomicrograph of disk-like particles
Y-A-19 in Example Y-I-19;

Fig. 19 is a SEM photomicrograph of spherical particles
Y-A-18 in Example Y-I-18; '

Fig. 20 is a SEM photomicrograph of rectangular
parallelepiped particles Y-I-30 in Example Y-I-30; and

Fig. 21 is a SEM photomicrograph of agglomerated

particles Y-V-1 in Comparative Example Y-I-1.

Best Mode for Practical Embodiment of the Invention

The antibacterial agent of the present invention and




10

15

20

25

30

9

its use will be described hereinunder in detail.

Aluminum sulfate hydroxide particles as the
antibacterial agent of the present invention are a compound
represented by the above formula (X-I) or (Y-I). The
compounds represented by the formula (X-I) and (Y-I) contain
silver and exhibit an excellent antibacterial function based
on this. The particles of the compounds represented by the
above formulas (X-I) and (Y-I) are very unique in terms of
particle shape, particle distribution, particle size,
cohesiveness and uniformity and excellent in terms of
dispersibility in a resin, affinity, stability and
moldability.

Out of the aluminum sulfate hydroxide particles of the
present invention, the compound represented by the formula
(X-I) contains silver and an organic acid anion (A) in the
molecule and the compound represented by the formula (Y-I)
contains silver in the molecule but not the organic acid anion
(7).

In the text below, the compound represented by the
formula (X-I) may be referred to as “silver- and organic acid
anion-containing aluminum sulfate hydroxide”. The
particles of the compound represented by the formula (X-I)
may be referred to as “particles (X-I)” and the antibacterial
agent composed of the particles (X-I) may be referred to as
“antibacterial agent particles (X-I)”.

Further, the particles of the compound represented by
the formula (Y-I) may be referred to as “particles (Y-I)”
and the antibacterial agent composed of the particles (Y-I)
may be referred to as “antibacterial agent particles (Y-I)”.

In this text, it is to be understood that the term
“antibacterial agent of the present invention” or
“antibacterial agent” embraces both the antibacterial agent
particles (X-I) and the antibacterial agent particles (Y-I).

The particles of the compound represented by the
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formula (X-I) and the particles of the compound represented
by the formula (Y-I) of the present invention will be

described hereinbelow in this order.

I). aluminum sulfate hydroxide particles represented by the

formula (X-I):

According to the present invention, it has been found
that the antibacterial agent particles represented by the
above formula (X-I) have the following characteristic
properties (i), (ii) and (iii) independently.

(1) an average secondary particle diameter measured by
a laser diffraction scattering method of 0.1 to 12
pum, preferably 0.1 to 5 um

(ii) a BET specific surface area of 0.1 to 250 m?/g,
preferably 1 to 100 m?/g

(iii) a sharpness of the particle size distributiondefined
as Dr = Ds5/Dys (D,s is the particle diameter (on the
small particle diameter side) of the 25 % value of
a volume-based cumulative particle size distribution
curve measured by the laser diffraction scattering
method and D;s is the particle diameter (on the large
particle diameter side) of the 75 % value) of 1.0 to
1.8, preferably 1.01 to 1.5, more preferably 1.01 to
1.3, most preferably 1.01 to 1.2

The above average secondary particle diameter (i), BET
specific surface area (ii) and sharpness (Dr) of the particle
size distribution (iii) are independent from one another.
Particles which have two out of the three properties at the
same time are preferred and particles which have all of them
are most preferred to attain the object of the present
invention.

Further, when the antibacterial agent particles (X-I)
of the present invention are characterized in that they are

not agglomerated but monodisperse and have the following
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particle shapes.

Although the antibacterial agent particles (X-I) of
the present invention have various shapes, they are
characterized in that they are uniform in shape and size,
farely agglomerated and monodisperse. As for particle
shapes, the particles of the antibacterial agent are roughly
divided into spherical, disk-like (“go” stone-like), paired
(hamburger-like), rice grain-like, rectangular
parallelepiped, hexagonal plate-like, columnar (cask-like)
and octahedral particles. These particle shapes will be
described in detail with reference to Figs. 1 to 13.

Figs. 1 to 13 are SEM photomicrographs of typical
particles obtained in Examples of the present invention. The
shapes of the particles are observed based on their SEM
photomicrographs enlarged at about 10, 000X to 2,0000X. Fig.
14 is a SEM photomicrograph of conventionally known alkali
aluminum sulfate hydroxide particles.

Examples of the spherical particles are shown in Figs.
1 to 6. These spherical particles can be divided into
spherical particles having a smooth surface shown in Fig.
1, spherical particles having small grains on the surface
shown in Fig. 2, spherical particles having a rough surface
and wrinkles (scratches or cracks) shown in Fig. 3, spherical
particles having small holes (unevenness) shown in Fig. 4,
spherical particles having a smooth surface and more linear
portions than those of Fig. 1 shown in Fig. 5, and spherical
particles having a rough surface and wrinkles shown in Fig.
6.

An example of the disk-like particles is shown in Fig.
7. The particles have almost symmetrical and domed front
and rear sides and are shaped like a “go” stone. The
disk-1like particles shown in Fig. 7 have a smooth surface.

An example of the paired particles is shown in Fig.

8. The characteristic feature of the particles is that two
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disk-1like particles having a flat bottom surface and a domed
opposite surface are paired with the bottom surfaces as
symmetry planes, and a space exists between the peripheries
of the two particles. An aluminum salt hydroxide for bonding
the two disks exists in the center portions of the mating
surfaces. This paired particles look like a hamburger.

An example of the rice grain-like particles is shown
in Fig. 9. The projected shape of each rice grain-like
particle is elliptic and its section in the direction
perpendicular to the longitudinal direction is almost
circular. The particles of Fig. 9 have small wrinkles on
the surface.

An example of the rectangular parallelepiped particles
is shown in Fig. 10 and they are a rectangular parallelepiped
close to a regular hexahedron and have a smooth surface.

An example of the hexagonal plate-like particles is
shown in Fig. 11. The hexagonal plate-like particles are
shaped like a plate having the faces of a hexahedron formed
by six sides. The six sides do not need to have the same
length and contact points between adjacent two sides may be
round.

An example of the octahedral particles is shown in Fig.
12. They are shaped like an octahedral assembly of two
pyramids or biased octahedron.

An example of the columnar particles is shown in Fig.
13. Each columnar particle may have a swelling middle
portion substantially like a sake cask (or wine cask) or may
be shaped like a cylinder having an almost round section.

The particles of Fig. 13 have a large number of
irregularities on the surface.

As understood from Figs. 1 to 13, the particles of the
present invention are uniform in shape and size in the figures
(photomicrographs) and have high dispersibility. The

shapes of the above particles are expressed to classify the
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particles, and the particles may be slightly deformed or
include other particles in a small amount. The surface
smoothness, fine irregularities and small wrinkles on the
surface of each particle are not particularly limited and
may be existent or nonexistent.

A description is subsequently given of the method of
specifying the shape of the particles (X-I) of the present
invention.

One of the indices for specifying the shape of the
particles is Wadell’s circularity and sphericity which have
been used in the field of the powder industry.

Wadell’s sphericity “s” is defined as s = (surface area
of sphere having the same volume as particle)/ (surface area
of particle). As “s” is closer to 1, the particle is more

spherical.

A\} ”

Wadell’s circularity “c” is defined as c =
(circumference of the same area as projected area of
particle)/ (circumference of plane of projection of particle).
As “c¢” 1is closer to 1, the particle is more circular.

In the present invention, the spherical shape of the
particle means that the particle may be shaped like a ball
as shown in Figs. 1 to 6 and has a Wadell’s sphericity “s”
which preferably satisfies 0.95 = s < 1.

In the present invention, the disk-like shape (“go”
stone-like shape) of the particle means a spheroidal shape
with the short diameter as the axis of rotation as shown in
Fig. 7. More specifically, the projected image of the
particle when seen in the direction of the axis of rotation
has a Wadell’s circularity “c” which satisfies 0.95 < s =<1
and a (short diameter/long diameter) ratio “a” of the
elliptic section which preferably satisfies 0.05 =< a = 0.5.

In the present invention, the paired shape

(hamburger-like shape) of the particle means that two

hemispherical particles are paired as shown in Fig. 8. There
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exist a gap (groove) between the peripheries of the mating
surfaces of the two hemispherical particles. Preferably,
the (short diameter/long diameter) ratio “t” of the paired
particles satisfies 0.1 <t < 0.5 and the (width of gap between
mating surfaces of hemispheres)/ (short diameter) ratio “u”
satisfies 0.05 < u < 0.5.

In the present invention, the rice grain-like shape
of the particle means a spheroidal shape with the short
diameter as the axis of rotation as shown in Fig. 9.
Preferably, the (short diameter/long diameter) ratio “a” of
the ellipse satisfies 0.1 = a =0.5 and the Wadell’s
sphericity “s” satisfies 0.4 = s < 0.75.

In the present invention, the rectangular
parallelepiped shape of the particle means that the particle
may have a shape similar to a hexahedron as shown in Fig.
10 or a regular hexahedron. The Wadell’s sphericity “s”
preferably satisfies 0.5 = s = 0.8.

In the present invention, the hexagonal plate-like
shape of the particle means a flat regular hexagonal
pillar-1like shape as shown in Fig. 11. Preferably, the
Wadell’s circularity “c¢” of the projected image of the
particle when it is seen from the top surface or the bottom
surface satisfies 0.95 = c < 0.99 and the (thickness/ (length
of diagonal line of regular hexagon) ratio “b” satisfies 0.05
= b = 0.5.

In the present invention, the octahedral shape of the
particle means that the particle is considered to be shaped
like an octahedral assembly of two pyramids or a biased
octahedron as shown in Fig. 12. The above Wadell’s
sphericity “s” preferably satisfies 0.5 = s = 0.9. Without
gazing intently at this octahedral particle, it may look like
a hexahedral particle due to an unclear image caused by the
insufficient resolution of the SEM photomicrograph.

In the present invention, the columnar (cask-like)
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shape of the particle includes a columnar shape as shown in
Fig. 13 and covers a shape having a radius of the center
portion in the height direction of a column which is 1.0 to
1.2 times the radius of the top surface and the bottom surface.
Preferably, the above Wadell’s circularity “c” based on the
projected images of the top surface and the bottom surface
satisfies 0.95 = c < 0.99 and the (height)/(diameter of top
surface or bottom surface) ratio “d” satisfies 1.5 £ d =
3.

According to the present invention, as described above,
silver- and organic acid anion-containing aluminum sulfate
hydroxide particles (X-I) which are various in shape such
as spherical, disk-like (“go” stone-like), paired,
rectangular parallelepiped, hexagonal plate-like, rice
grain-like, octahedral and columnar can be provided
according to application and purpose, and the particle
diameters of the particles can be controlled.

Meanwhile, silver- and organic acid anion-containing
aluminum sulfate hydroxide particles having an optimum
particle diameter can be provided according to application
and required packing.

The particles are not agglomerated and are excellent
in dispersibility in a resin, and the agglomeration of the
antibacterial agent in the resin does not occur or rarely
occurs when they are mixed with the resin, which is considered
as one of factors that a resin product comprising the
antibacterial agent and a resin exhibits antibacterial
properties even when the content of silver in the resin
product is very low. Only this monodisperse technology
exhibits unexpectedly high antibacterial activity which can
be hardly attained by the technology of the prior art.

As for the mechanism of the antibacterial agent
particles (X-I) of the present invention which exhibit such

unexpectedly high antibacterial activity, the following
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second factor is also presumed.

The reason why the antibacterial agent particles (X-I)
of the present invention exhibit such high antibacterial
properties is presumed to be that a radical such as a hydroxyl
radical (OH") is readily formed from the antibacterial agent
particles for a long time when the antibacterial agent of
the present invention is exposed to light as the organic acid
is introduced into the internal structure of the molecule
of each of the antibacterial agent particles as an anion,
which is one of the factors for enabling the antibacterial
performance of the antibacterial agent of the present
invention to be maintained for a long time.

Most of silver-based inorganic antibacterial agents
of the prior art have a fatal defect that they do not exhibit
antibacterial properties any more after they release silver
ions though they exhibit antibacterial properties while they
can release silver ions. The present invention basically
solves this problem.

In addition, according to the present invention, as
a third factor of an antibacterial property development
improving effect which is obtained by introducing the organic
acid into the molecular structure of each of the
antibacterial agent particles (X-I) of the present invention
as an anion, it is presumed that higher antibacterial
performance can be provided not only by the above dispersion
effect and the radical forming effect but also by the effect
of improving compatibility between the carbons of the organic
acid of the antibacterial agent particle and the resin, that
is, the multiplication of these three effects in the present
invention.

The composition of the compound of the formula (X-1I)
will be described in detail hereinunder.

In the formula (X-I) of the present invention, “a”

represents the amount of silver ion exchanged into the
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antibacterial agent particles. As the numerical value “a”
becomes larger, more silver is ion exchanged into the
antibacterial agent particles with the result of improved
antibacterial properties. When the numerical value “a”
becomes too large, silver may separate out or elute from an
ion exchanger (solid solution) in the environment to become
silver oxide, whereby the color of a resin molded article
comprising the antibacterial agent may become dark brown and
it is not economical. When “a” is 0.5 or more, ion exchange
becomes difficult. When the numerical value “a” becomes too
small, the amount of silver ion exchanged into the
antibacterial agent particles is small and antibacterial
properties are hardly developed. Therefore, to balance
antibacterial property developing force with the color
problem properly, “a” is desirably set to a fixed range. 1In
this sense, “a” in the formula (X-I) is in the range of 0.00001
to 0.5, preferably 0.00001 to 0.35, more preferably 0.001
to 0.3.

In the present invention, the word “containing” in the
expression “bacterial agent composed of silver- and organic
acid anion-containing aluminum sulfate hydroxide particles”
means that the antibacterial agent is a substance containing
such a small amount of a compound comprising silver and an
organic acid represented by a formula other than the formula
(X-I) that a peak derived from the compound other than the
compound of the formula (X-I) does not appear when the
particles are measured by the powder X-ray diffraction
method.

Therefore, it is considered that the antibacterial
agent particles are particles carrying a small amount of
silver not only in the form of an ion exchanger but also in
other form which does not appear as a peak measured by the
powder X-ray diffraction method and/or particles having a

small amount of an organic acid anion adsorbed to the surface.
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In this case, when paying attention to silver, it is
considered that the antibacterial agent particles consisting
of a solid solution alone ion exchanged with silver within
an ion exchange allowable range have a small influence upon
the color of a resin product. In this sense, the
antibacterial agent particles preferably consist of a
perfect silver ion exchanger (solid solution) alone.

In the formula (X-I) of the present invention, B may
be any type of monovalent cation. In fact, when it is taken
into consideration that “B” has an ion radius relatively
close to that of the silver ion and can form an ion exchanger
strongly at a wide range, that is, silver does not separate
from the ion exchanger to become silver oxide when it is mixed
with a resinwith the result that a reduction in the whiteness
of a resin product (the resin product changes its color from
white to dark brown or brown right after molding along the
passage of time by the function of light) hardly occurs and
further safety and economy are taken into account, Na', NH,',
K' or H3;0" is suitable as B. B is relatively preferably Na“,
NH," or H;0', more preferably NH," or H;0*, most preferably NH,*
for the above purpose. From the viewpoint of preventing
discoloration, the amount of Na' and/or K' used as B is
preferably as small as possible and the amount of K' is
preferably smaller than 1/2 of the total molar amount of the
monovalent cations as B when K' is used. Discoloration can
be prevented by adding a fluorescent brightener to a resin
in an amount of 0.000001 to 0.1 %. Therefore, when Na' and
K' are used as B in large quantities, it is preferred to use
a fluorescent brightener for the prevention of
discoloration.

In the case of antibacterial agent particles
comprising three different monovalent cations which are Na‘,
NH,"* and H;0" as part of the antibacterial resin composition

of the present invention as a relatively preferred example,
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in order to obtain a resin product which does not discolor
or rarely discolors without using a fluorescent brightener,
the molar amount of Na should be smaller than 1/2 of the total
molar amount of the monovalent cations as B. Thereby, a resin
product which does not discolor or rarely discolors can be
obtained in the present invention.

When the fluorescent brightener is used,
benzohexazole-based fluorescent brighteners such as
2,5-thiophenediyl (5-tert-butyl-1, 3-benzohexazole,

4,4’ -bis(benzohexazol-2-yl)stilbene, and pyrazoline-based
fluorescent brighteners and coumarine-based fluorescent
brightness may be used as the fluorescent brighter, out of
which fluorescent brighteners registered at FDA (Food & Drag
Administration of the U.S.) and the Polyolefin Hygiene
Council are preferably used.

When “b” in the formula (X-I) of the present invention
is 0.7 to 1.35, preferably 0.8 to 1.2, most preferably 0.9
to 1.1, the antibacterial agent particles of the present
invention are readily formed. When “c¢” is 2.7 to 3.3,
preferably 2.8 to 3.2, most preferably 2.9 to 3.1, the
antibacterial agent particles of the present invention are
readily formed.

The valences of the cations in the formula (X-I) x the
numbers of mols of the cations is expressed as (1b + 3c).
When (1b + 3c) satisfies 8 < (1b + 3c) < 12, preferably 9
< (1b + 3c) < 11, the antibacterial agent particles of the
present invention are readily formed.

In order to manufacture the particles by selecting the
particle shape and the particle size, to make uniform the
particle size distribution and to disperse the particles into
a resin in a monodisperse state as much as possible in the
synthesis of the antibacterial agent particles (X-I) of the
present invention, an organic acid must be added during a

reaction so that the organic acid added can be incorporated
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into the molecular structures of the antibacterial agent
particles.

The organic acid is, for example, an organic acid whose
organic acid anion (A) in the formula (X-I) is at least one
selected from anions based on organic carboxylic acids and
organic oxycarboxylic acids. The organic acid anion (A) is
preferably at least one selected from anions based on organic
carboxylic acids and organic oxycarbooxylic acids having 1
to 15 carbon atoms, preferably 1 to 10 carbon atoms and 1
to 4 carboxyl groups, such as dicarboxylic acid,
monocarboxylic acid, tricarboxylic acid, chain carboxylic
acid, aromatic carboxylic acid, hydroxy acid, ketonic acid,
aldehyde acid, phenolic acid, amino acid, halogenocarboxylic
acid and salts thereof. Out of these, the organic acid anion
(A) is most preferably at least one selected from the group
consisting of oxalic acid ion, citric acid ion, malic acid
ion, tartaric acid ion, glyceric acid ion, gallic acid ion
and lactic acid ion.

When the amount “x” of the organic acid anion (A) in
the formula (X-I) satisfies 0.0001 = x =0.5, preferably
0.0001 = x =0.4, more preferably 0.001 = x 0.2, the above
object is attained and antibacterial agent particles having
the above particle shape and particle size uniformity are
obtained. When “x” is larger than 0.5, this effect is not
enhanced any more and it is not economical.

When “x” is smaller than 0.0001, antibacterial agent
particles having the above shape and particle size uniformity
are hardly obtained, and the object of the present invention
such as the improvement of antibacterial properties
considered to be caused by the formation of the above hydroxyl
radical and the effect of improving compatibility between
the organic acid and the resin is hardly attained.

When “y” in the formula (X-I) of the present invention

satisfies 1.7 <y < 2.5, preferably 1.8 < y < 2.2, the
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antibacterial agent particles of the present invention are
readily formed. When “z” satisfies 4 < z < 7, preferably
5 <z < 7, the antibacterial agent particles of the present
invention are more readily formed.

“P” in the formula (X-I) represents the amount of
crystal water and generally satisfies 0 < p = 5. To make
“p” as close to “0” as possible or make it “0”, drying at
350°C or lower or baking must be carried out additionally.
Baking is preferably carried out at 600°C or lower. When
the baking temperature is 500°C or higher, further 550°C or
higher, particularly 600°C or higher, a water-soluble
aluminum sulfate represented by the following formula may
be partially formed and the water resistance of a resin
product comprising the same may deteriorate. When the amount
of the aluminum sulfate is small, there is no problem with
the water resistance.

(AgaBp-a) pA1A (SO4) y

When the baking temperature is 500°C or lower,
particularly 450°C or lower, the water-soluble aluminum
sulfate represented by the above formula is not formed and
even when a large amount of this aluminum sulfate is used
in a resin product, water resistance does not lower. When
the antibacterial agent particles (X-I) of the present
invention are baked at 600°C or higher, the particle shapes
of the antibacterial agent particles of the present invention
as shown in Figs. 1 to 13 may not be maintained. From the
viewpoints of water resistance and shape retention, the
baking temperature of the antibacterial agent particles of
the present invention is 350 to 600°C, preferably 350 to 550°C,
more preferably 350 to 500°C, most preferably 350 to 450°C.

It is preferred to carry out the above drying or baking
step in a nitrogen atmosphere from the viewpoint of
preventing the discoloration of the antibacterial agent

particles and a resin product comprising the antibacterial
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agent particles. Carrying out the drying step in a vacuum
is preferred from the viewpoint of preventing the coloration.

When there is no problem in the processing of a resin
if p is not “0”, for example, when the amount of the
antibacterial agent is very small or when a resin has a water
content which does not cause a problem at the time of
processing, a resin composition can be manufactured by mixing
the particles of the formula (X-I) in which p satisfies 0
S p =5, preferably 0 = p = 3 and which are not dried or
baked with a resin.

On the other hand, when there is a problem if p is not
“0” or not close to “0”, the particles of the formula (X-1I)
in which p is “0” or close to “0” obtained by adding a drying
or baking step must be used.

For example, in the case of a polyester resin such as
PET or PBT, polyamide-based resin, polyurethane-based resin,
polycarbonate resin or polyacetal resin, it can be
recommended to use the antibacterial agent which‘ is dried
or baked under the above condition to make “p” (water content)
“0” or close to “0”.

It is considered that the particles of the formula (X-1I)
of the present invention can be dispersed into a resin
completely without being agglomerated by controlling the
sharpness (Dr) of the particle size distribution measured
by the laser diffraction scattering method to a range that
satisfies 1.0 = Dr = 1.8, preferably 1.0 = Dr < 1.5, more
preferably 1.01 = Dr = 1.3, most preferably 1.01 < Dr <=
1.2, which is a factor for improving an antibacterial effect.
Further, even when a filter (screen mesh) is used at the time
of extruding a resin, particularly the manufacture of a
master batch, the screen mesh is not or rarely clogged up
with the antibacterial agent advantageously.

For the purpose of providing high antibacterial

properties to an antibacterial resin product comprising the
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antibacterial agent of the present invention, particles
having a small average secondary particle diameter,
specifically 0.1 to 12 um, preferably 0.1 to 5 um, more
preferably 0.1 to 2 um, much more preferably 0.1 to 1 um,
most preferably 0.1 to 0.5 um are used.

When the average secondary particle diameter of the
antibacterial agent particles (X-I) is smaller than 0.1 um,
the particles may be hardly manufactured and when the average
secondary particle diameter is larger than 12 um, the
antibacterial properties of a resin composition comprising
the particles may not be improved. For the purpose of
providing not only antibacterial properties but also high
transparency to a resin composition, when super fine
particles having an average secondary particle diameter of
0.1 to 0.5 um, preferably 0.1 to 0.4 um, more preferably 0.1

to 0.3 um are used out of the antibacterial agents of the

present invention, most use can be made of the characteristic
properties of the antibacterial agent particles of the
present invention whose refractive index overlaps or is close
to the refractive index of a resin and the effect of providing
higher transparency which cannot be attained by the prior
art to a resin product is provided to a great extent.

The antibacterial agent used in the present invention
has a BET specific surface area of 0.1 to 250 m?/g.

To provide high antibacterial properties to the resin
composition, antibacterial agent particles having a larger
BET specific surface area are advantageous. However, when
the particles have a too large BET specific surface area,
it may be difficult to charge the particles into a resin and
when the particles have a too small BET specific surface area,
they may be unable to provide sufficiently high antibacterial
properties to the resin composition.

In this sense, the BET specific surface area of the

antibacterial agent is 0.1 to 250 m?/g, preferably 1 to 100
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m’/g, more preferably 10 to 100 m?/g, most preferably 30 to
100 m?/g.

A description is subsequently given of the method of
manufacturing the antibacterial agent particles (X-1I)
represented by the formula (X-I) of the present invention.

The antibacterial agent particles (X-I) of the present
invention can be basically manufactured by ion exchanging
the monovalent cation (B) of organic acid anion-containing
aluminum sulfate hydroxide particles represented by the
following formula (X-II) which can be manufactured by the
method described in the specification of PCT/JP2005/003831
(filing date: March 1, 2005). Examples of this method will
be described in the paragraphs 1 to 4 hereinafter.

[B] bA1cA4 (SO4)y (OH) ;- PH,0 (X-II)
In the formula, b, ¢, x, y, z, p, B and A are as defined in
the above formula (X-I).

To synthesize the compound of the formula (X-II),
aluminum and sulfuric acid source materials such as aluminum
sulfate, sodium sulfate, potassium sulfate, ammonium sulfate
and calcium sulfate, an organic acid source material such
as oxalic acid, and an alkali source material such as sodium
hydroxide, potassium hydroxide or ammonia aqueous solution
are reacted with one another by a dry or wet process to
synthesize organic acid anion-containing aluminum sulfate
hydroxide particles but not containing sodium-, potassium-
or ammonium-type silver as B [spherical, disk-like (“go”
stone-like), paired (hamburger-like), rice grain-like,
hexagonal plate-1like, octahedral and columnar particles will
be described in the paragraphs 1 to 3 hereinafter] which are
then brought into contact with a silver solution in a
suspension such as water under agitation to ion exchange
silver into the organic acid anion-containing aluminum
sulfate hydroxide particles, thereby making it possible to

manufacture the antibacterial agent particles of the present
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invention.

The method of manufacturing rectangular
parallelepiped silver- and organic acid anion-containing
aluminum sulfate hydroxide particles will be described in
the paragraph 4 hereinafter.

In either case, in order to manufacture silver- and
organic acid anion-containing aluminum sulfate hydroxide
particles by selecting their shape and particle size, make
the particle size distribution uniform and disperse the
particles into a resin perfectly in a monodisperse state,
the above organic acid must be added during the above reaction
so that the added organic acid can be incorporated into the
structures of the antibacterial agent particles.

It is considered that part of the organic acid may
adsorb to the surfaces of the antibacterial agent particles.
Anyway, the organic acid can be contained in the
antibacterial agent in order to attain the object of the
present invention.

When the organic acid is added not during the reaction
but after the end of the reaction, the antibacterial agent
particles of the present invention having the above particle
shape, particle size uniformity and dispersibility cannot
be manufactured.

To grind the manufactured antibacterial agent
particles of the present invention, strong mechanical force
does not need to be used unlike the prior art and
non-agglomerated particles are obtained even when weak force
is used, which is the feature of the technology of the present
invention.

Examples of the method of manufacturing sodium,
potassium, ammonium and hydrogen type silver- and organic
acid anion-containing aluminum sulfate hydroxide particle
antibacterial agents are given below.

1. method of manufacturing sodium type silver- and
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organic acid anion-containing aluminum sulfate

hydroxide particles;

The above sodium type silver- and organic acid
anion-containing aluminum sulfate hydroxide particles are
manufactured from a sulfate such as aluminum sulfate or
sodium sulfate, an Al source material, a SO, source material,
a Na source material such as sodium hydroxide, an organic
acid source material such as oxalic acid and a soluble silver
salt such as silver nitrate which is used for an ion exchange
reaction as a silver source material by the following method.

For example, after Al,(SO,): + Na,SO, (or NaNO;) + H,C,0,
are fully dissolved in water, sodium hydroxide is added to
the resulting solution under agitation. After addition,
they are preferably stirred for another 20 minutes to
disperse sodium hydroxide in the solution completely.
Thereafter, a hydrothermal treatment is preferably carried
out. The hydrothermal treatment temperature is preferably
100 to 250°C and the treatment time is preferably 1 to 30
hours.

The thus obtained organic acid anion-containing
aluminum sulfate hydroxide particles are filtered and
optionally rinsed.

When the particles are suspended in a liquid such as
water and stirred together with a solution of a soluble silver
salt such as silver sulfate or silver nitrate, an ion exchange
reaction can be carried out to manufacture the silver- and
organic acid anion-containing aluminum sulfate hydroxide
particles of the present invention.

The temperature of the ion exchange reaction is
preferably 0 to 100°C, and the treatment time is preferably
0.1 to 30 hours under shaded light.

When the ion exchange reaction temperature is too low
or the treatment time is too short, the amount of silver ion

exchanged may be small. When the ion exchange reaction
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temperature is too high or the treatment time is too long,
the ion exchanged product may be colored brown. The
agitation means during the ion exchange reaction is vibration
or revolution.

After the ion exchanged product is separated by
filtration/centrifugal separation, rinsing, surface
treatment, drying and grinding are optionally carried out
to collect the product. When filtration is difficult, a
coagulant may be used in limits not prejudicial to the object
of the present invention to improve the filtration operation.
The coagulant is, for example, a polymer coagulant such as
polyacrylamide. The amount of the polymer coagulant is
preferably 0.2 % or less. When it is added in an amount of
more than 0.2 %, the filtration operation is not further

improved.

2. method of manufacturing potassium type silver- and
organic acid anion-containing aluminum sulfate
hydroxide particles;

The above potassium type silver- and organic acid
anion-containing aluminum sulfate hydroxide particles are
manufactured from a sulfate such as aluminum sulfate or
potassium sulfate, an Al source material, a SO, source
material, a K source material such as potassium hydroxide,
an organic acid source material such as oxalic acid and a
soluble silver salt such as silver nitrate which is used for
an ion exchange reaction as a silver source material by the
following method.

For example, after Al,(SO;); + K;SO; (or KNO;) + H,C,0,
are fully dissolved in water, potassium hydroxide is added
to the resulting solution under agitation. The subsequent
operation is carried out in accordance with the method

described in the above paragraph 1.
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3. method of manufacturing ammonium type silver- and
organic acid anion-containing aluminum sulfate
hydroxide particles;

The above ammonium type silver- and organic acid
anion-containing aluminum sulfate hydroxide particles are
manufactured from a sulfate such as aluminum sulfate or
ammonium sulfate, an Al source material, a SO, source material,
a NH; source material such as ammonium nitrate, an organic
acid source material such as oxalic acid and a soluble silver
salt such as silver nitrate which is used for an ion exchange
reaction as a silver source material by the following method.

For example, after Al,(SO;);, +K;S0O; (or KNO;) + H,C,0,
are fully dissolved in water, an ammonia aqueous solution
is added to the resulting solution under agitation. The
subsequent operation is carried out in accordance with the

method described in the above paragraph 1.

4. method of manufacturing hydrogen type { (H;0)+ type}
rectangular parallelepiped silver- and organic acid
anion-containing aluminum sulfate hydroxide
particles;

The above hydrogen type rectangular parallelepiped
silver- and organic acid anion-containing aluminum sulfate
hydroxide particles represented by the chemical formula
(H30) A1, (S0O4) 2 (OH) ¢ can be obtained by mixing together an
aqueous solution of aluminum sulfate, a suspension of
aluminum hydroxide and an organic acid such as oxalic acid
under agitation and subjecting the resulting solution to a
hydrothermal treatment at 100 to 250°C, preferably 120 to
200°C for 0.5 hour or more, preferably 0.5 to 30 hours, more
preferably 2 to 20 hours.

Examples of the aluminum hydroxide used include
crystalline gibbsite, beyerite, boehmite, pseudoboehmite,

diaspore and amorphous aluminum hydroxide. Amorphous
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aluminum hydroxide is preferred as the particle size
uniformity becomes high.

Examples of the amorphous aluminum hydroxide include
the dried aluminum hydroxide gel S-100 and FM of Kyowa
Chemical Industry. Co., Ltd.

In order to reduce the particle size and improve the
particle size uniformity in this method, when a reaction
product obtained by mixing together an aqueous solution of
aluminum sulfate and a suspension of aluminum hydroxide under
agitation is subjected to a hydrothermal treatment not right
after the reaction but after it is left or stirred for some
time, for example, 0.5 hour or more, preferably 5 hours or
more, more preferably 16 hours or more from the reaction,
aluminum sulfate hydroxide fine particles having particle
size uniformity can be obtained. The subsequent operation
is carried out in accordance with the method described in
the above paragraph 1.

The silver- and organic acid anion-containing aluminum
sulfate hydroxide particles (X-I) of the present invention
can be identified by the powder X-ray diffraction method.
Since the diffraction pattern of the particles becomes the
same as that of the particles before ion exchange if silver
is ion exchanged into the particles, the X-ray diffraction
pattern may be closely inspected with reference to the
chemical analytical values of the particles. If a product
containing silver as an impurity such as silver oxide without
being ion exchanged into the particles is mixed with a resin,
the obtained resin product becomes dark brown and it is
impossible to obtain a white resin product which is one of
the important objects of the present invention
disadvantageously.

In the present invention, some of aluminum (Al) ions
which are trivalent cations of the antibacterial agent of

the formula (X-I) may be replaced by at least one cation
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selected from the group consisting of 2zn?' and Ti*' and /or
some of the monovalent cations B may be replaced by Ca?' in
limits not prejudicial to the object of the present
invention.

In this case, toprevent a reduction in the transparency
of a resin product obtained by mixing the antibacterial agent
with a resin, Zn*' and Ti*' may be contained in the
antibacterial agent particles in a total molar amount which
is preferably 1/2 or less, preferably 1/3 or less of the molar
amount of aluminum, and Ca®* may be contained in the particles
in a molar amount which is 1/2 or less, preferably 1/3 or
less of the total molar amount of the monovalent cations (B).

As means of replacing part of aluminum (Al) which is
a trivalent cation of the antibacterial agent of the formula
(X-I), a salt such as zinc sulfate, titanium sulfate or
calcium sulfate containing the metal cation is used at the
time of synthesizing the compound of the above formula (X-II)
to incorporate the metal cation into the formula (X-II), or
a compound containing the metal cation is used to ion exchange
the cation into the compound of the formula (X-II) ina solvent,
and then silver is ion exchanged into the obtained product
by the above method. 1In this case, as Zn?' and Ti*' are
elements having the effect of developing antibacterial
properties, they exhibit antibacterial properties even when
the relative content of Ag'* in the formula (X-I) is reduced
with the result that the discoloration of a resin molded
article obtained by mixing the compound of the formula (X-1I)
containing one of them with a resin is suppressed
advantageously. In this sense, replacement by these
elements is preferred.

In the present invention, some of, preferably 1/2 or
less of the “y” mols of (S0,), of the antibacterial agent of
the formula (X-I) can be replaced by other inorganic acid

ion. If the amount replaced is 1/2 or less, the particle
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shape and particle size uniformity of the present invention
can be maintained without a problem, thereby attaining the
object of the present invention. Examples of the inorganic
acid ion include S0;*, POs*", HPO;?*", CO;*", NO;, Si0,*” and BO;*".
In order to replace part of (SO,)y, of the antibacterial agent
of the formula (X-I) by other inorganic acid ion, a salt
containing the inorganic acid ion is used in place of aluminum
sulfate, sodium sulfate or potassium sulfate during thé

reaction of the compound of the formula (X-II) to incorporate
the inorganic acid ion into the formula (X-II), or a compound
containing the inorganic acid ion is used to ion exchange
the inorganic acid ion into the compound of the formula (X-II)
in a solvent, and then silver is ion exchanged into the

obtained product by the above method. The particles may be
further dried, baked, surface treated or coated with an acid
resistant film to be used as an antibacterial agent or may
be mixed with a resin to obtain an antibacterial resin product
like the antibacterial agent particles of the formula (X-I).

In the present invention, part of (OH), of the

antibacterial agent of the formula (X-I) may be replaced by
Cl°. The content of Cl” is 0.1 mol or less, preferably 0.01
mol or less, most preferably 0.001 mol or less in the formula

(X-II) of the antibacterial agent to prevent discoloration.

IT). aluminum sulfate hydroxide particles represented by
the formula (Y-I);

The aluminum sulfate hydroxide particles represented
by the above formula (Y-I) are preferably spherical,
disk-like or rectangular parallelepiped and uniform in size
and shape and have a narrow particle size distribution width.

Particularly preferably, the aluminum sulfate
hydroxide particles represented by the formula (Y-I) are
spherical, disk-like or rectangular parallelepiped and have

a suitable particle size distribution (sharpness Dr)
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according to their shape. The shapes of the aluminum sulfate
hydroxide particles will be described hereinbelow.
(1) spherical particles:
A spherical silver-containing aluminum sulfate hydroxide
particle antibacterial agent represented by the following
formula (Y-I) and having a sharpness Dr = D,;5/D,s of the
particle size distribution obtained by dividing the particle
diameter D;s (on the large particle diameter side) of the 75 %
Qalue by the particle diameter D,s (on the small particle
diameter side) of the 25 % value of a volume-based cumulative
particle diameter measured by the laser diffraction
scattering method of 1 to 1.4.
[AgaBb-al b [M3.cAl.] (SO4), (OH) .- PH20 (Y-T)
In the formula (Y-I), a, b, ¢, y, z and p satisfy 0.00001
= a<20.5 0.8=Db=1.352.95c=3,1.7<vy<?2.5,
4 <z <7and 0 = p = 5, respectively, B is at least one
monovalent cation selected from the group consisting of Na“,
NH,*, K' and H;0', and M is Ti.
(2) disk-1like particles:
A disk-like silver-containing aluminum sulfate hydroxide
particle antibacterial agent represented by the following
formula (Y-I).
[AgaBb-al b [M3-cAlc] (SO4)y (OH) - PH20 (Y-I)
In the formula (Y¥-I), a, b, ¢, y, z and p satisfy 0.00001
< a<0.5 0.8=b=1.35 2.5=c¢c<3,1.7<y<2.5, 4
<z < 7and 0 = p £ 5, respectively, B is at least one
monovalent cation selected from the group consisting of Na’,
NH,*, K' and H;0', and M is 2n.

Preferably, the disk-like particles have a sharpness
Dr = D;s/Dys of the particle size distribution obtained by
dividing the particle diameter D;s (on the large particle
diameter side) of the 75 % value by the particle diameter

[

D;s (on the small particle diameter side) of the 25 % value

of a volume-based cumulative particle diameter measured by




10

15

20

25

30

33

the laser diffraction scattering method of 1 to 1.8.

(3) rectangular parallelepiped particles:

A rectangular parallelepiped silver-containing aluminum
sulfate hydroxide particle antibacterial agent represented
by the following formula (Y-I).

(AgaBp-a] bAl3 (SO4) y (OH) . * PH20 (Y-I)

In the formula (Y-I), a, b, y, z and p satisfy 0.00001 =
a<0.5 0.8=b=1.35 1.7<y<2.5 4<z<7and0 =
p = 5, respectively, and B is H;0".

Preferably, the rectangular parallelepiped particles
have a sharpness Dr = D;5/D,5 of the particle size distribution
obtained by dividing the particle diameter D;s (on the large
particle diameter side) of the 75 % value by the particle
diameter D,s (on the small particle diameter side) of the 25 %
value of a volume-based cumulative particle diameter
measured by the laser diffraction scattering method of 1 to
1.8. ,

The particles of the antibacterial agent (Y-I) of the
present invention are spherical, disk-like or rectangular
parallelepiped as shown in the SEM photomicrographs of Figs.
15 to 20, uniform in shape and not agglomerated and have high
dispersibility in a resin. Further, when they are mixed with
a resin, the agglomeration of the antibacterial agent in the
resin does not occur or rarely occurs (high dispersibility),
which is one of the factors of exhibiting antibacterial
properties with an extremely low content of silver in a resin
product obtained by mixing the antibacterial agent with the
resin. Unexpectedly high antibacterial activity which
cannot be attained by the prior art is obtained from this
feature alone.

Aluminum sulfate hydroxide particles represented by
the formula (Y-I) which are disk-like or rectangular
parallelepiped and uniform in shape are novel as far as the

inventors of the present invention know.
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One of the indices for specifying the shape of the
particle is Wadell’s circularity and sphericity which have
been used in the field of the powder industry.

Wadell’s sphericity “s” is defined as s = (surface area
of sphere having the same volume as particle)/ (surface area
of particle). As “s” is closer to 1, the particle is more
spherical.

Wadell’s circularity “c” is defined as c =

(circumference of the same area as projected area of

particle) / (circumference of plane of projection of particle) .

As “c” is closer to 1, the particle is more circular.

The spherical shape of the particle means that the
particle may be shaped like a ball as shown in the SEM
photomicrographs of Figs. 15, 16, 17 and 19 and has a Wadell’s
sphericity “s” which preferably satisfies 0.95 = s = 1.

The rectangular parallelepiped shape of the particle
means that the particle may have a shape similar to a
hexahedron as shown in the SEM photomicrograph of Fig. 20
or a regular hexahedron and has a Wadell’s sphericity “s”
which preferably satisfies 0.5 = s = 0.8.

The disk-like shape of the particle means a flat

columnar shape. Preferably, the above Wadell’s circularity

ANY ”

c” of a projected image of the particle when seen in the
direction of the top surface or the bottom surface satisfies
0.95 = ¢ = 1 and the thickness/(diameter of circle) ratio
“d” satisfies 0.05 = d = 0.6. The disk-like particles are
shown in the SEM photomicrograph of Fig. 18.

A detailed description is subsequently given of
silver-containing aluminum sulfate hydroxide particles
represented by the above formula (Y-I) of the present
invention.

In the formula (Y-I), “a” represents the amount of
silver ion exchanged into the antibacterial agent particles.

As the numerical value “a” becomes larger, more silver is
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ion exchanged into the antibacterial agent particles with
the result of improved antibacterial properties. When the
numerical value “a” becomes too large, silver may separate
out or elute from an ion exchanger to become silver oxide,
whereby the color of a resin molded article comprising the
antibacterial agent may become dark brown and it is not
economical. When “a” is 0.5 or more, ion exchange becomes
difficult.

When the numerical value “a” becomes too small, the
amount of silver ion exchanged into the antibacterial agent
particles is small and antibacterial properties are hardly
exhibited. Therefore, to balance antibacterial property
developing force with the color problem properly, “a” must
be limited to a fixed range.

In this sense, silver is suitably used in a resin in
such an amount which ensures that “a” in the formula (Y-I)
becomes 0.00001 to 0.5, preferably 0.00001 to 0.35, more
preferably 0.001 to 0.3.

The word “containing” in the expression
“silver-containing aluminum sulfate hydroxide particles”
means that the particles contain such a small amount of a
compound other than the compound of the formula (Y-I) that
a peak derived from the compound other than the compound of
the formula (Y-I) does not appear when the particles are
measured by the powder X-ray diffractionmethod. For example,
it is conceivable that a trace amount of a silver compound
such as silver oxide is carried on the particles.

It is considered that when the particles consist of
a solid solution ion exchanged with silver alone, the
discoloration of the particles rarely occurs. Inthis sense,
a perfect silver ion exchanger (solid solution) is more
preferred than a substance containing the above silver
compound carrier.

When it is taken into consideration that “B” has an
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ion radius relatively close to that of the silver ion and
can form an ion exchanger strongly at a wide range and further
safety and economy are taken into account, “B” is at least
one monovalent cation selected from the group consisting of
Na‘', NH,', K' and H,0'.

To suppress a reduction in the whiteness of a resin
product (the resin product changes its color from white to
dark brown or brown right after molding along the passage
of time by the function of 1light) when the antibacterial agent
particles (Y-I) of the present invention are mixed with a
resin, the amount of K' as “B” is preferably as small as
possible. That is, the amount of K' is preferably smaller
than 1/2 of the total molar amount of the monovalent cations
as “B”.

This discoloration can be prevented by adding 0.000001
to 0.1 ¥ of a fluorescent brightener to the resin. When a
large amount of K' is used, the prevention of discoloration
becomes difficult without a fluorescent brightener. By
adding the fluorescent brightener, a resin product which does
not discolor or rarely discolors can be obtained in the
present invention.

Examples of the fluorescent brightener include
benzohexazole-based fluorescent brighteners such as
2,5-thiophenediyl (5-tert-butyl-1, 3-benzohexazole and
4,4’ -bis (benzohexazol-2-yl)stilbene, and pyrazoline-based
and coumarine-based fluorescent brighteners, out of which
fluorescent brighteners registered at FDA (Food & Drag
Administration of the U.S.) and the Polyolefin Hygiene
Council are preferably used. The fluorescent brightener
include benzohexazole-based fluorescent brighteners and
2,5-thiophenediyl (5-tert-butyl-1, 3-benzohexazole.

When “b” in the formula (Y-I) is 0.8 to1.35, preferably
0.9 to1.25, the antibacterial agent particles of the present

invention are readily formed. When “y” in the formula (Y-I)
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satisfies 1.7 < y < 2.5, preferably 1.9 < y < 2.4, the
antibacterial agent particles of the present invention are
readily formed. When “z” satisfies 4 < z < 7, preferably
5<2<6.5, the antibacterial agent particles of the present
invention are readily formed.

Further, "p” in the formula (Y-I) represents the amount
of crystal water and generally satisfies 0 < p < 5.

To make “p” as close to “0” as possible or make it “0”,
drying at 350°C or lower or baking must be carried out
additionally. Baking is preferably carried out at 600°C or
lower. When the baking temperature is 500°C or higher,
further 550°C or higher, particularly 600°C or higher, a
water-soluble aluminum sulfate represented by the following
formula may be partially formed and the water resistance of
a resin product comprising the same may deteriorate. When
the amount of the aluminum sulfate is small, there is no
problem with the water resistance.

(AgaBp-a) b [M3.cAlc] (SO4)y

When the baking temperature is 500°C or lower,
particularly 450°C or lower, the water-soluble aluminum
sulfate represented by the above formula is not formed and
even when this aluminum sulfate is used in a resin product,
water resistance does not lower. When the antibacterial
agent particles of the present invention are baked at 600°C
or higher, the particle shapes of the antibacterial agent
particles may not be maintained.

From the viewpoints of water resistance and shape
retention, the baking temperature of the antibacterial agent
particles of the present invention is 350 to 600°C,
preferably 350 to 550°C, more preferably 350 to 500°C, most
preferably 350 to 450°C.

It is preferred to carry out the above drying or baking
step in a nitrogen atmosphere from the viewpoint of

preventing the discoloration of the antibacterial agent
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particles and a resin product comprising the antibacterial
agent particles. Drying step in vacuum is preferred from
the viewpoint of preventing the coloration. When there is
no problem in the processing of a resin if “p” is not “0”,
for example, when the amount of the antibacterial agent is
very small or when a resin has a water content which does
not cause a problem at the time of processing, a resin
composition can be manufactured by mixing the particles of
the formula (Y-I) in which p satisfies 0 = p =5, preferably
0 = p € 3 with a resin.

On the other hand, when there is a problem if “p” is
not “0” or not close to “0”, the particles of the formula
(Y-T) in which “p” is “0” or close to “0” obtained by adding
a drying or baking step must be used.

For example, in the case of a polyester resin such as
PET or PBT, polyamide-based resin, polyurethane-based resin,
polycarbonate resin or polyacetal resin, it can be
recommended to use the antibacterial agent which is
additionally dried or baked under the above condition to make
“p” (water content) "“0” or close to “0”.

A description is subsequently given of the physical
properties such as shape, particle diameter, particle size
distribution, BET specific surface area and refractive index
of the antibacterial agent particles of the present
invention.

The antibacterial agent particles of the present
invention are spherical, disk-like or rectangular
parallelepiped and uniform in shape. Out of these, disk-1like
or rectangular parallelepiped antibacterial agent particles
have been utterly unknown.

Further, the antibacterial agent has a sharpness Dr
= D5/Dys of the particle size distribution obtained by
dividing the particle diameter D;s (on the large particle

diameter side) of the 75 % value by the particle diameter
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D,s (on the small particle diameter side) of the 25 % value
of a volume-based cumulative particle diameter measured by
the laser diffraction scattering method of 1.0 to 1.8,
preferably 1.0 to 1.4, more preferably 1.01 to 1.3, most
preferably 1.01 to 1.2. When this sharpness Dr is small,
the particles can be dispersed into the resin completely
without being agglomerated, which is considered as a factor
for improving an antibacterial effect. Further, when a
filter (screen mesh) is used at the time of kneading and
extruding a resin, the filter is not or rarely clogged up
with the antibacterial agent advantageously.

For the purpose of providing high antibacterial
properties to an antibacterial resin product comprising the
antibacterial agent of the present invention, particles
having a small average secondary particle diameter are
suitablyused. Inthis sense, the average secondary particle
diameter of the antibacterial agent particles is 0.1 to 12
pm, preferably 0.1 to 5 um, more preferably 0.3 to 2 um. To
prevent the filter from being clogged up with the
antibacterial agent particles, it can be recommended to
reduce the total amount of particles having a particle
diameter of 15 um or more to 0.1 % or less, preferably 0.01 %
or less, more preferably 0 % of the total.

It isdifficult to manufacture the antibacterial agent
particles having an average secondary particle diameter of
0.1 um or less and even when antibacterial agent particles
having an average secondary particle diameter of 12 um or
more are mixed with a resin, the antibacterial properties
of the obtained resin composition may not be improved.

The BET specific surface area of the antibacterial
agent particles (Y-I) of the present invention is 0.1 to 250
m?’/g. To provide high antibacterial properties to the resin
composition, antibacterial agent particles having a larger

BET specific surface area are advantageous. However, when
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the particles have a too large BET specific surface area,
it may be difficult to charge the particles into a resin and
when the particles have a too small BET specific surface area,
they may be unable to provide sufficiently high antibacterial
properties to the resin composition. In this sense, the BET
specific surface area of the antibacterial agent is 0.1 to
250 m?’/g, preferably 1 to 250 m?’/g, more preferably 3 to 100
m?/g, most preferably 30 to 100 m?/g.

A description is subsequently given of the method of
manufacturing the antibacterial agent particles (Y-I)
represented by the formula (Y-I) of the present invention.

As the method of manufacturing the antibacterial agent
particles (Y-I) of the present invention, spherical,
disk-1like or rectangular parallelepiped aluminum sulfate
hydroxide particles represented by the following formula
(Y-II) and having particle size uniformity are first
manufactured in accordance with the method described in the
specification of JP-A 2005-111733 (filed on April 8, 2005)
previously proposed by some of the inventors of the present
invention, and some of the monovalent cations of the
particles are ion exchanged with silver ions to manufacture
the silver-containing aluminum sulfate hydroxide particles
of the present invention represented by the formula (Y-I).

Spherical or disk-like aluminum sulfate hydroxide
particles represented by the formula (Y-II) can be basically
manufactured by the above proposed method.
(Blp [M3-cAlc] (SO4)y (OH) .- PH20 (Y-II)
In the formula (Y-II), b, ¢, y, z and p satisfy 0.8 =< b =
1.35, 2.5 = c <3, 1.7<y<2.5 4<z<7and 0 =p =
5, respectively, B is at least one monovalent cation selected
from the group consisting of Na*, NH,*, K' and H;0°, and M is
Zn or Ti.

To obtain the spherical and disk-like antibacterial

agent particles of the present invention, the following four
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factors, that is, (1) the alkali equivalent ratio (=
hydroxide having a monovalent cation/aluminum sulfate), (2)
the (sulfate having a monovalent cation)/(aluminum sulfate)
molar ratio in the case of spherical particles and the
(sulfate having a monovalent cation)/(aluminum sulfate +
zinc compound) molar ratio in the case of disk-1like particles,
(3) the hydrothermal treatment temperature and (4) the
hydrothermal treatment time in the following chemical
reaction formula (b) are desirably controlled to certain
ranges.

In the method of the prior art in which these factors
are not controlled to certain ranges, a reaction product
obtained by mixing together solutions of aluminum sulfate
Al,(S0O4)3 and sodium sulfate Na,SO, under agitation is
subjected to a hydrothermal treatment represented by the
following chemical reaction formula (a). Aluminum sulfate
hydroxide particles obtained by this method are agglomerated,
and uniformity in the particle size of the particles is not

observed at all.

(a) manufacture of spherical particles

Surprisingly, aluminum sulfate hydroxide particles
manufactured by adding a certain amount of sodium hydroxide
to ensure that the amount of an alkali becomes 3.2 to 4.0
based on the alkali equivalent ratio (= [NaOH]/[Al,(SO,);]
= 4), that is, the alkali equivalent ratio becomes 0.78 to
1.2 in the following chemical reaction formula (b) and
controlling the above factors (2), (3) and (4) to certain
ranges in this method have a D;5/D;s which is an index of
particle size uniformity of 1.0 to 1.4 and are spherical,

which is utterly unexpected.

Hydrothermal treatment

3A12(804)3 + Na2304 + 12H,0 -> 2NaAl3 (SOq)z(OH)s + 6H2304
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chemical reaction formula (a)

(agglomerated particles)

hydrothermal treatment

3A1,(S04)3 + 2Na,yS0O, + 12NaOH -> 2NaAl;(S04),(0OH)s + 7Na,S0,
chemical reaction formula (b)

(spherical particles having uniform in particle size)

When the manufacture of the spherical aluminum sulfate
hydroxide particles of the present invention is aimed, it
is found that in the above chemical reaction formula (b) of
aluminum sulfate hydroxide particles manufactured by adding
an aqueous solution of alkali hydroxide BOH containing a
monovalent cation to a mixed solution of aluminum sulfate
A1**,(S0,);, a zinc compound and a sulfate B,SO;, having the
above monovalent cation and subjecting the resulting
solution to a hydrothermal reaction, the amount of the alkali
hydroxide added is desirably such that the alkali equivalent
ratio becomes 0.60 to 1.0, preferably 0.7 to 0.90, more
preferably 0.75 to 0.90.

When the alkali equivalent ratio is lower than 0.6,
the spherical aluminum sulfate hydroxide particles having
excellent particle size uniformity of the present invention
may not be obtained. When the alkali equivalent ratio is
higher than 1.1, particularly 1.2, spherical aluminum
sulfate hydroxide particles having excellent particle size
uniformity may not be obtained and also boehmite which is
a type of aluminum hydroxide crystal may be contained in the
aluminum sulfate hydroxide particles.

The above (sulfate having a monovalent
cation)/(aluminum sulfate) molar ratio is 0.3 to 3.0,
preferably 0.6 to 2.5, most preferably 0.6 to 2.0. When the
molar ratio is lower than 0.3 or higher than 3.0, the spherical
aluminum sulfate hydroxide fine particles having excellent

particle size uniformity of the present invention may not
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be manufactured.

The inventors of the present invention have found that
spherical aluminum sulfate hydroxide particles having
excellent particle size uniformity can be manufactured by
adding a sulfate having a monovalent cation such as potassium
sulfate K,S0, or ammonium sulfate in place of sodium sulfate
and a hydroxide having a monovalent cation such as potassium
hydroxide or ammonium water in place of sodium hydroxide in
the above chemical reaction formula (b).

The inventors of the present invention have also found
that spherical aluminum sulfate hydroxide particles having
excellent particle size uniformity can be manufactured by
adding a titanium compound, preferably titanium sulfate to
a mixed solution of aluminum sulfate and a monovalent cation
aqueous solution to replace 1/10 or less of the number of

mols of Al by Ti in the above chemical formula (b).

(b) manufacture of disk-like particles

The inventors of the present invention have also found
that disk-1like aluminum sulfate hydroxide particles having
a uniform particle size, that is, a D;s/Dys of 1.0 to 1.8 can
be manufactured by adding a certain amount of a zinc compound,
preferably zinc oxide or zinc sulfate to a mixed solution
of aluminum sulfate and a monovalent cation aqueous solution
to replace 1/6 or less of the “c” mols of Al in (Y-II) by
Zn in the above chemical reaction formula (b).

The aluminum sulfate hydroxide particles are
represented by the above formula (Y-II), and it has been found
that when “c” satisfies 2.5 = c < 3, preferably 2.5 £ ¢ =
2.99, more preferably 2.61 = c = 2.9, the disk-1like aluminum
sulfate hydroxide particles having excellent particle size
uniformity of the present invention can be obtained.

When the manufacture of the disk-1like aluminum sulfate

hydroxide particles of the present invention is aimed, it
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has further been found that it is advantageous to set the
amount of the above alkali hydroxide added such that the
alkali equivalent ratio becomes 0.60 to 1.0, preferably 0.70
to 0.90, more preferably 0.75 to 0.90 in the above chemical
reaction formula (b) for obtaining the aluminum sulfate
hydroxide particles by adding an aqueous solution of an
alkali hydroxide B'*OH containing a monovalent cation to a
mixed solution of aluminum sulfate Al**,(S04),, a zinc
compound and a sulfate B,SO, having the above monovalent
cation to carry out a hydrothermal reaction.

When the above alkali equivalent ratio is lower than
0.6 in the case of disk-like particles, disk-like aluminum
sulfate hydroxide particles having excellent particle size
uniformity may not be obtained and when the alkali equivalent
ratio is higher than 1.0, aluminum sulfate hydroxide
particles having excellent particle size uniformity may not
be manufactured. '

The above hydrothermal treatment temperature is 90 to
250°C, preferably 100 to 250°C, more preferably 120 to 250°C,
most preferably 150 to 200°C when the aluminum sulfate
hydroxide particles are spherical and the alkali equivalent
ratio is 0.78 to 0.9. When the hydrothermal treatment
temperature is 100°C or lower, particularly 90°C or lower,
the aluminum sulfate hydroxide particles having excellent
particle size uniformity of the present invention may not
be manufactured. Even when the hydrothermal treatment
temperature is 250°C or higher, the effect of improving
particle size uniformity is not obtained and it is not
economical. When the alkali equivalent ratiois 0.9to 1.1,
the hydrothermal treatment temperature is 110 to 250°C,
preferably 150 to 250°C, more preferably 150 to 200°C. When
the hydrothermal treatment temperature is 110°C or lower,
the aluminum sulfate hydroxide particles having excellent

particle size uniformity of the present invention may not
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be manufactured. Even when the hydrothermal treatment
temperature is 250°C or higher, the effect of improving
particle size uniformity is not obtained and it is not
economical.

The above hydrothermal treatment time is 0.3 to 30 hours,
preferably 1 to 20 hours, more preferably 1.5 to 6 hours when
the alkali equivalent ratiois 0.78 to0.9and 0.5 to 30 hours,
preferably 1 to 20 hours, more preferably 1.5 to 6 hours when
the alkali equivalent ratio is 0.9 to 1.1.

When the hydrothermal treatment time is 0.3 hour or
less or 0.5 hour or less, the aluminum sulfate hydroxide
particles having excellent particle size uniformity of the
present invention may not be manufactured. Even when the
hydrothermal treatment time is 30 hours or more, the effect
of improving particle size uniformity is not obtained and
it is not economical.

The inventors of the present invention have confirmed
that for the manufacture of the spherical or columnar
antibacterial agent particles (Y-I) having particle size

uniformity of the present invention, it is desired to control

the following four factors, i.e., (1) the alkali equivalent
ratio (= hydroxide having a monovalent cation/aluminum
sulfate) in the above chemical reaction formula (4), (2) the

(sulfate having a monovalent cation)/(aluminum sulfate)
molar ratio in the case of spherical particles or (sulfate
having a monovalent cation)/(aluminum sulfate + zinc oxide)
molar ratio in the case of disk-like particles, (3) the
hydrothermal treatment temperature and (4) the hydrothermal

treatment time to certain ranges.

(c) manufacture of rectangular parallelepiped particles

The inventors of the present invention have further
found the method of manufacturing rectangular parallelepiped

antibacterial agents having excellent particle size
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Unlike the method of manufacturing the above spherical
and disk-like particles, rectangular parallelepiped
hydrogen type aluminum sulfate hydroxide particles
represented by the chemical formula (H;0)Al;(S0;),(0H)¢ can
be obtained by subjecting a reaction product obtained by
mixing together an aqueous solution of aluminum sulfate and
a suspension of aluminum hydroxide under agitation to a
hydrothermal treatment at 100 to 250°C, preferably 120 to
200°C for 0.5 hour or more, preferably 0.5 to 30 hours, more
preferably 2 to 20 hours, and then the antibacterial agent
particles of the present invention can be manufactured by
ion exchanging monovalent cations with silver ions in
accordance with the above method.

The aluminum hydroxide used is preferably amorphous
aluminum hydroxide because the effect of making the particles
rectangular parallelepiped and the effect of making the
particles uniform in size are high. Examples of the
amorphous aluminum hydroxide include dry aluminum hydroxide
gel S-100 and FM manufactured by Kyowa Chemical Co., Ltd.

To reduce the size of the particles and improve the
particle size uniformity of the particles in this method,
it is recommended to subject the reaction product obtained
by mixing together the aqueous solution of aluminum sulfate
and the suspension of aluminum hydroxide under agitation to
a hydrothermal treatment not right after the reaction but
after a certain time passes from the reaction, for example,
after it is left or stirred for 1 hour or more, preferably
1 to 300 hours, more preferably 5 to 200 hours, thereby
obtaining aluminum sulfate hydroxide fine particles having
excellent particle size uniformity.

The spherical, disk-like and rectangular
parallelepiped aluminum sulfate hydroxide particles

described above can be represented by the formula (Y-II) as
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described above.

[B]p [M3.cAlc) (SO4)y (OH) .- PH20 (Y-I1)

The silver-containing aluminum sulfate hydroxide particles
of the present invention represented by the formula (Y-I)
can be obtained from these spherical, disk-like and
rectangular parallelepiped particles by ion exchanging
monovalent cations with silver ions.

That is, the inventors of the present invention have
developed their studies based on the above findings and have
found that the antibacterial agent fine particles having the
above specific particle shape and particle size uniformity
of the present invention represented by the above formula
(Y-I) can be manufactured by first synthesizing aluminum
sulfate hydroxide particles represented by the formula (b)
containing no silver and bringing the aluminum sulfate
hydroxide particles into contact with a solution containing
silver such as silver nitrate or silver sulfate in a
suspension such as water under agitation to ion exchange
silver ions into the aluminum sulfate hydroxide particles.

The ion exchange reaction temperature is 0 to 100°C,
preferably 10 to 80°C, most preferably 20 to 80°C. The ion
exchange is preferably carried out for 0.1 to 30 hours under
shaded light. When the ion exchange temperature is too low
or the ion exchange time is too short, the amount of silver
ion exchanged may become small. When the ion exchange
temperature is too high, the ion exchange time is too long,
or ion exchange is not carried out under shaded light, the
ion exchanged product may turn brown. Stirring during the
ion exchange reaction may be carried out by vibration or
revolution.

When filtration, rinsing, surface treatment, drying
and grinding are optionally carried out after ion exchange
to collect the particles, an antibacterial agent represented

by the formula (Y-I) can be obtained. When filtration by
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putting the particles through a filter is difficult,
decantation or centrifugal separation may be employed, or
a coagulant may be used in 1limits not prejudicial to the object
of the present invention. Examples of the coagulant include
polymer coagulants such as polyacrylamide. The amount of
the polymer coagulant is preferably 0.2 % or less. When the
amount of the coagulant is 0.2 % or less, the monodisperse
particles of the present invention are not affected and the
filtration work is improved.

Meanwhile, strong force does not need to be used to
grind the particles as can be understood from SEM
photomicrographs. Even when grinding is simply carried out
with weak force, silver-containing aluminum sulfate
hydroxide particles which are monodisperse or almost
monodisperse and not agglomerated are obtained, which is the
feature of the present invention.

The silver-containing aluminum sulfate hydroxide
particles of the present invention can be identified by the
powder X-ray diffraction method.

Since the diffraction pattern of the particles becomes
the same as that of the particles before ion exchange if silver
is ion exchanged into the particles, the X-ray diffraction
pattern may be closely inspected with reference to the
chemical analytical values of the particles. If a product
containing silver as an impurity such as silver oxide without
being ion exchanged into the particles is mixed with a resin,
the obtained resin product becomes dark brown and it is
impossible to obtain a white resin product which is one of
the important objects of the present invention
disadvantageously.

In the present invention, 1/5 or less of the “y” mols
of (SO4)y in the formula (Y-I) can be replaced by other
inorganic acid ion. When 1/10 or less of the “y” mols of

(SO4)y is replaced, the particle shape and particle size
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uniformity of the present invention can be maintained without
a problem, thereby attaining the object of the present
invention. Examples of the other inorganic acid ion include
S0;**, PO4>7, HPO;*", CO;*", NO;", SiO*" and BO;’". 1In order to
replace part of (SO,;), of the antibacterial agent of the
formula (Y-I), a compound containing the inorganic acid ion
is added to a suspension containing the compound of the
formula (Y-II) to carry out ion exchange in a solvent and
then silver is ion exchanged into the obtained product by
the above method.

The particles obtained by ion exchanging part of the
antibacterial agent of the formula (Y-I) with the inorganic
acid ion may be dried, baked, surface treated and coated with
an acid resistant film to be used as an antibacterial agent
or mixed with a resin toobtain an antibacterial resin product
like the antibacterial agent particles of the formula (Y-I).

In the present invention, part of (OH), of the
antibacterial agent of the formula (Y-I) may be replaced by
Cl-. However, the content of Cl  is 0.1 mol or less,
preferably 0.01 mol or less, most preferably 0.001 mol or
less from the viewpoint of preventing discoloration.

For the manufacture of the silver-containing aluminum
sulfate hydroxide particles of the present invention, with
a view to obtaining high-purity antibacterial agent
particles having low contents of heavy metals such as lead
and cadmium specified by the Notice No. 20 of the Ministry
of Welfare of the Food Hygiene Act industrially and
containing heavy metals such as iron, manganese, chromium,
copper and nickel in amounts of 1 % or less, preferably 0.1 %
or less, more preferably 0.01 % or less, most preferably
0.001 % or less so as to prevent the thermal deterioration
(improvement of thermal deterioration resistance) and
discoloration of a resin product, it is preferred to use

high-purity raw materials and a corrosion resistant material
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such as Hastelloy steel or stainless SUS-316 steel in a
hydrothermal treatment step wherein chemical operation
devices are easily corroded out, so as to prevent heavy metal
compounds such as manganese, chromium, copper and nickel
eluting from the material of the device from being contained
in the antibacterial agent particles of the present invention

as a solid solution and/or an impurity.

III). Use of antibacterial agent of the present invention
in resin composition

In the present invention, an antibacterial resin
composition having excellent filter passability at the time
of kneading and extrusion, antibacterial properties,
dispersibility, whiteness and also antibacterial action
retention characteristics after contact with tap water can
be provided by mixing 0.001 to 300 parts by weight of the
antibacterial agent represented by the above formula (X-I)
or (Y-I) with 100 parts by weight of a resin, and a resin
product can be formed from the composition. When importance
is attached to an additional value, that is, high
transparency of the resin product, it can be recommended to
mix 0.001 to 10 parts by weight, preferably 0.001 to 2 parts
by weight of the antibacterial agent. When the amount of
the antibacterial agent is smaller than 0.001 part by weight,
satisfactory antibacterial properties may not be obtained
and when the amount of the antibacterial agent is larger than
300 parts by weight, depending on the content of silver, it
is uneconomical and transparency may lower.

The refractive index of the antibacterial agent of the
present invention is about 1.48 to about 1.56 which overlaps
or is close to those of many resins. Therefore, even when
a large amount of the antibacterial agent of the present
invention is mixed with a resin, it does not impair

transparency somuch. Inorder tomaintain high transparency,




10

15

20

25

30

51

it can be recommended to use the antibacterial agent in an
amount of 10 parts or less by weight, preferably 2 parts or
less by weight.

Although the antibacterial resin product comprising
the antibacterial agent particles of the present invention
has high acid resistance originally, in order to provide
higher acid resistance to the resin product or to prevent
the discoloration of the resin product, the surfaces of the
antibacterial agent particles of the present invention are
treated with at least one acid resistant modifier or
discoloration inhibitor selected from the group consisting
of silicon compounds, phosphorus compounds, boron compounds,
aluminum compounds, zirconium compounds, titanium compounds,
zinc compounds and tin compounds to further improve acid
resistance or prevent discoloration.

As examples of the acid resistant modifier or the
discoloration inhibitor, the silicon compounds include
sodium metasilicate, sodium orthosilicate, potassium
metasilicate, potassiumorthosilicate, water glass, silicic
acid and silicone 0il; the boron compounds include sodium
tetraborate, sodium metaborate, potassium tetraborate,
potassium metaborate and boric acid; the aluminum compounds
include sodium orthoaluminate, sodium metaaluminate,
potassium orthoaluminate, potassium metaaluminate,
aluminum chloride, aluminum nitrate, aluminum sulfate and
aluminum phosphate; the phosphorus compounds include
potassium phosphate, sodium phosphate and phosphoric acid;
the zirconium compounds include zirconium phosphate, sodium
zirconate, potassium zirconate and zirconic acid; the
titanium compounds include titanium chloride, sodium
titanate, potassium titanate and titanic acid; the zinc
compounds include zinc chloride, zinc nitrate, zinc
carbonate, zinc sulfate and zinc acid salts; the tin

compounds include sodium stannate and potassium stannate;
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and the ammonium salts include ammonium sulfate, ammonium
nitrate, ammonium phosphate, ammonium carbonate and ammonium
acetate.

Since the antibacterial agent particles of the present
invention are originally monodisperse particles, they have
extremely excellent dispersibility into a resin. In order
to further improve the dispersibility, prevent the
discoloration of a resin product formed from the particles
or suppress a reduction in the mechanical strength when a
relatively large amount of the antibacterial agent particles
of the present invention is mixed with a resin, the surfaces
of the antibacterial agent particles of the present invention
may be treated with at least one selected from the group
consisting of higher fatty acids, silane-based coupling
agents, aluminate-based coupling agents, alcohol phosphates
and surfactants.

Examples of the surface treating agent include high
fatty acids and salts thereof such as stearic acid, oleic
acid, erucic acid, palmitic acid, lauric acid and behenic
acid, surfactants such as sulfates of polyethylene ether,
amide-bonded sulfates, ester-bonded sulfates, ester-bonded
sulfonates, amide-bonded sulfonates, ether-bonded
sulfonates, ether-bonded alkyl allyl sulfonates and
amide-bonded alkyl allyl sulfonates, sulfates of a higher
fatty acid such as stearyl alcohol and oleyl alcohol, acid
or alkali metal salts or amine salts of mono- or di-esters
of orthophosphoric acid and stearyl alcohol or oleyl alcohol,
and mixtures thereof, silane coupling agents such as
vinylethoxysilane, vinyl-tolyl (2-methoxy-ethoxy)silane,
y-methacryloxypropyltrimethoxysilane,
y-aminopropyltrimethoxysilane,

N-phenyl -y-aminopropyltrimethoxysilane,
N-B (amionoethyl)y-aminopropyltrimethoxysilane,

N-fB (amionoethyl)y-aminopropyltriethoxysilane,
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N-phenyl-y-aminopropyltriethoxysilane,
B(3,4-epoxycyclohexyl)ethyltrimethoxysilane and
y-mercaptopropyltrimethoxysilane, titanate coupling agents
such as isopropyltriisostearoyl titanate,
isopropyltri (aminoethyl)titanate and
isopropyltridecylbenzenesulfonyl titanate, and aluminate
coupling agents such as acetoalkoxyaluminum diisopropyrate.
In the present invention, the resin to be made
antibacterial is not particularly limited and may be a
synthetic resin-:rubber or natural resin-rubber which is
processed to produce resin products such as molded articles,
fibers, nonwoven fabrics, coatings, caulking materials and
films. Some examples of the resin are given below.
Thermoplastic resins include polyolefin-based resins
such as olefin (a-olefin) polymers and copolymers having 2
to 12 carbon atoms including polypropylene,
ethylene-propylene copolymer, high-density polyethylene,
low-density polyethylene, super high molecular weight
polyethylene, linear low-density polyethylene, polybutene
and poly-4-methylpenetene-1, copolymers of one of these
olefins and a diene, ethylene-vinyl acetate copolymer,
ethylene-acrylate copolymer and TPO (thermoplastic
polyolefin) resin; styrene-based resins such as polyethylene
oxide resin, polystyrene, ABS (acrylonitrile butadiene
styrene) resin, AAS (acrylonitrile acryl styrene) resin, AS
(acrylonitrile styrene) resin, AES (acrylonitrile EPDM
styrene) resin, MBS (methyl methacrylate butadiene styrene)
resin and polyparamethyl styrene resin; polyamide-based
resins such as ACS (acrylonitrile chlorinated polyethylene
styrene) resin, vinyl acetate resin, vinyl propionate resin,
phenoxy resin, ionomer resin, polyacetal resin, nylon 6 and
nylon 66; polyester-based resins such as polyethylene
terephthalate and polybutylene terephthalate;

polyamide-imide resin, polysulfone resin, polyarylate resin,
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polyether imide resin, polyether ketone resin, polyphenylene
ether resin, polyphenylene sulfide resin, methacrylic resin,
cellulose resin, polycarbonate resin, fluororesin,
polyurethane resin, silicone resin, polyvinyl ether resin,
polyvinyl formal resin, polyvinyl butyral resin, polyvinyl
alcohol resin and isobutylene-maleic anhydride copolymer
resin, resins having chlorine in the molecular structure such
as polyvinyl chloride resin, ethylene-vinyl chloride
copolymer resin, ethylene-vinyl acetate copolymer resin,
chlorinated vinyl chloride resin, chlorinated polyethylene,
chlorinated polypropylene, coumarone resin, ketone resin,
polyvinylidene chloride, polyvinyl dichloride resin and
chlorinated polyethers, acetate plastics, cellulose acetate,
celluloid, liquid crystal polymer and water absorptive
resins.

Thermosetting resins include epoxy resin, phenolic
resin, melamine resin, unsaturated polyester resin, alkyd
resin, guanamine resin, polyimide resin, urea resin,
silicone resin, phenol formaldehyde resin, melamine
formaldehyde resin, polyparabenzoic acid resin,
polyurethane resin, maleic acid resin, urea resin, furan
resin, Xylene resin and diallyl phthalate resin.

Rubbers include EPDM (ethylene propylene diene
copolymer rubber) , EPM (ethylene propylene copolymer rubber),
butyl rubber, isoprene rubber, SBR (styrene butadiene
rubber), NIR (nitrile isoprene rubber), NBR (nitrile
butadiene rubber), urethane rubber, chloroprene rubber,
hydrogenated nitrile rubber, polyether-based rubber,
ethylene tetrafluoride-:propylene rubber, chlorosulfonated
rubber, butadiene rubber, acrylic rubber, chlorinated
polyethylene, epichlorohydrin rubber, propylene oxide
rubber, ethylene-acrylic rubber, norbornene rubber,
polysulfide rubber, fluorine rubber, silicone rubber and

natural rubber.
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These resins and rubbers may be used alone or in
combination. When more than one resin and more than one
rubber are used, they may be polymer alloyed, blended or
molded into a laminate. These synthetic resins are not
limited by the manufacturingmethod. As for apolymerization
catalyst for polyolefins, for example, Ziegler, Ziegler
Natta, Friedel Crafts, metallocene or Phillips method may
be employed.

Additives, reinforcements and fillers which are
generally used may be mixed with the antibacterial resin
composition of the present invention in limits not
prejudicial to the object of the present invention. Some
of them are given below.

They are an antioxidant, ultraviolet light absorber,
optical stabilizer, thermal stabilizer, metal inactivating
agent, plasticizer, antistatic agent, flame retardant,
curing agent, curing accelerator, age resistor, peptizer,
adhesion providing agent, perfume, lubricant, colorant,
nucleating agent, foaming agent, deodorizer and polymer
alloy compatibilizing agent.

As the method of obtaining the antibacterial resin
composition of the present invention, which is not
particularly limited, the above resin and rubber and the
bacterial agent particles of the present invention are mixed
and kneaded together as uniformly as possible by using a
device such as a double-screw extruder, pressure kneader,
open roll or Banbury mixer, and the resulting kneaded product
is formed into a pellet or powder by using a device such as
a pelletizer or mill to obtain the resin composition, or the
antibacterial agent particles of the present invention are
mixed with a solution of the above resin and rubber dissolved
in a solvent.

As the method of obtaining a molded article of the

antibacterial resin composition of the present invention,
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which is not particularly limited, the antibacterial resin
composition obtained by the above method is directly formed
into a resin product such as a molded article, a master batch
comprising a large amount of the resin composition is diluted
to a concentration to be used for the final resin product
and the diluted composition is formed into an antibacterial
resin product by using an injection molding machine,
extrusion molding machine, blow molding machine, calender
molding machine, injection molding machine or laminate
molding machine, or a mixture of the antibacterial agent
particles and the resin is directly injected into the above
machine to be directly injection molded or extrusion molded.

The shape, size, thickness, length and use of the
obtained molded article are not particularly limited. The
molded article may be shaped like a plate, bottle, ball, disk,
sheet or wire sheath, or a foam or laminate and can be
advantageously used in fields which require antibacterial
properties, such as products for use in kitchens, bathrooms
and toilets, medical supplies and the blowout hole of an
air-conditioner.

As the method of obtaining the antibacterial film of
the present invention which is not particularly limited, an
antibacterial resin composition obtained by the above method
is manufactured from a resin suitable for the manufacture
of a film, and a film can be obtained from the composition
by an inflation, T die, calender or casting method and may
be further stretched. The antibacterial agent particles of
the present invention may be used as an antibacterial agent
only in a layer which must be antibacterial of a laminate
film consisting of two or more layers and obtained by
coextrusion, which is very economical.

The shape, size and use of the obtained film are not
particularly limited. The film may be used in fields which

require antibacterial properties to keep fresh suchas a film
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for packing foods such as vegetables, confectionery and dried
fish and meat.

As the method of manufacturing the fiber of the present
invention which is not particularly limited, a resin
composition which can be spun into a fiber out of the resin
compositions is used, spun by conventionally known melt
extrusion, dry spinning or wet spinning, further stretched
or twisted optionally, and/or mixed with a natural fiber such
as cotton, wool or hemp to obtain a product. The use of the
obtained fiber is not particularly limited and the fiber can
be used in fields which require antibacterial properties such
as carpets, clothes, towels, napkins, handkerchiefs, globes,
socks, hats and mufflers.

Examples of the fiber include polypropylene,
polyethylene, polyamide (nylon), aramide, acrylic,
polyurethane, fluorine, polyclar, polyester, polyvinyl
chloride, vinylon, vinylidene, acetate, triacetate, rayon,
cupra, noboroid, promix, polyacetal, polynosic and plastic
optical fibers.

The method of manufacturing the antibacterial nonwoven
fabric of the present invention is not particularly limited
and a conventional known method may be employed.

For example, papermaking web, random web, parallel web,
cross laid web, thread crossing web, tow expanding web, short
fiber web, filament web, microfiber web and split film web
methods may be employed. Since antibacterial nonwoven
fabrics obtained by these methods have antibacterial
properties, are light in weight and have excellent properties
such as gas permeability and shrinkproofing properties, they
can be used in fields which require antibacterial properties
such as sanitary items, the hair cloths and 1linings of clothes,
and the foundations of vinyl leather and artificial leather.

The method of manufacturing the antibacterial coating

of the present invention on an industrial scale is not
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particularly limited and conventionally known methods may
be employed. The silver- and organic acid anion-containing
aluminum sulfate hydroxide particle antibacterial agent of
the present invention is mixed in the step of mixing a pigment,
vehicle, weather resisting agent, solvent, co-solvent,
diluent and plasticizer, kneaded with them optionally and
put through a sieve to obtain a product. For private use
at home, a commercially available coating may be mixed with
the antibacterial agent particles of the present invention
before use. When the antibacterial coating of the present
invention is used at hospitals, homes for the aged, schools
and restaurants, damage from bacteria such as Escherichia
coli and Staphylococcus aureus can be prevented to attain
the object of the present invention. Examples of the coating
include synthetic resin coatings (alkyd, aminoalkyd, epoxy,
fluorine, urethane, vinyl acetate, acrylic esters,
unsaturated polyester, phenolic, guanamine, butyral,
styrene butadiene, styrene, vinyl chloride, vinylidene
chloride and chlorinated rubber-based coatings, rust
preventing paints, powder coatings, electric insulating
coatings), cellulose coatings, rubber-based coatings,
water-soluble synthetic resin coatings (water-soluble alkyd,
water-soluble epoxy, water-soluble polybutadiene,
water-soluble melamine, water-soluble urea, water-soluble
phenolic and water-soluble acrylic coatings, etc.), ethyl
alcohol coatings and oily coatings.

The method of obtaining the antibacterial caulking
material of the present invention is not particularly limited.
For instance, an organopolysiloxane and a
ketoxisiminolane-based adhesion accelerator such as
y-aminopropyl bis (methylethylketoxyamino)methoxysilane as
basic components of a caulking material are mixed together,
a tetrafunctional or trifunctional silane crosslinking agent

and a thickener such as silica aerosol and optimally a
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catalyst for promoting a reaction between a polymer and a
crosslinking agent, such as an organic tin carboxylate, and
further an antioxidant, ultraviolet light absorber and
plasticizer are added to the mixture together with the
antibacterial agent particles of the present invention to
obtain an antibacterial caulking material in accordance with

a conventionally known method.

IV). Use of the antibacterial agent of the present invention
for purposes other than the above purposes III)

The antibacterial agents of the formula (X-I) and (Y-I)
of the present invention can provide valuable products as
molded articles when they are mixed with a resin. Meanwhile,
the antibacterial agents of the present invention may be used
in application fields other than resins, making use of their
dispersibility, whiteness, particle shape uniformity and
particle size uniformity. |

That is, they can be also used in antibacterial paper,
agricultural chemicals and cosmetics, making use of their
antibacterial properties. Since the antibacterial agents
of the present invention are safe for the human body and do
not give a stimulus to the human body when they come into
contact with the human body, they can be used as an
antibacterial agent and antifungal agent in products for use
in the kitchens, bathrooms and toilets of housings where
people live. They can be directly sprayed over vegetables
and fruits as an agricultural chemical. Further, they can

be advantageously used in cosmetics.
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Methods of measuring the physical properties of an
antibacterial agent composed of the antibacterial agent
particles of the present invention, an antibacterial resin
composition comprising the antibacterial agent particles and
molded articles formed from the antibacterial resin

composition are shown below.

Method of measuring the properties of a silver- and organic
acid anion-containing aluminum sulfate hydroxide particle
antibacterial agent;

A laser diffraction scattering method is now most
widely used for the measurement of the average secondary
particle diameter and particle size distribution of fine
particles. The laser diffraction scattering method was used
for the measurement of these properties in the present
invention.

(1) average secondary particle diameter: measured by using
the LA-910 particle size distribution measuring instrument

(laser diffraction scattering method) of Horiba Ltd.

(2) sharpness of particle size distribution Dr = D;5/Das

The sharpness of a particle size distribution obtained
by dividing the particle diameter D,s (on the large particle
diameter side) of the 75 % value by the particle diameter
Dys (on the small particle diameter side) of the 25 % value
of a volume-based cumulative particle size distribution
curve measured by the laser diffraction scattering method
using the LA-910 particle size distribution measuring
instrument of Horiba Ltd. was defined as Dr = D;5/D,5s. As the
value of Dr becomes smaller, the sharpness of a particle size
distribution is observed, which means uniformity in particle
size.

The particle diameter of a spherical particle was

evaluated by combining D;s/D,s measured by the laser
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diffraction scattering method and the method of measuring
aparticle size distribution froma SEM photomicrograph below.
In this case, the value of D;s/D,s measured by the laser

diffraction scattering method was almost equal to the value
of D,5/D;s measured from the SEM photomicrograph at an error
range of about -10 to +10 %. Therefore, D;s/D,s measured by
the laser diffraction scattering method was adopted in the

present invention.

Method of measuring a particle size distribution from an
electron photomicrograph (SEM photomicrograph) (in the case
of spherical particles);

The long diameters and short diameters of all the
spherical particles (50 to several hundreds of particles)
observed in one SEM photomicrograph were measured with
vernier calipers down to 1/50 mm to obtain the average value
of the long diameters and the short diameters as the particle
diameter of each spherical particle (pum) and particle
diameters corresponding to D;s % and D;s % of the cumulative
particle diameter from that value so as to calculate Dr =

D7s/Dzs.

(3) BET specific surface area; measured by using the
Multisorb-12 12-specimen full automatic surface measuring

instrument of Yuasa Ionics Co., Ltd.

(4) particle shape; Observed through a scanning electron
microscope (SEM photomicrograph) .

The relationships between the antibacterial agent
particles of Examples and Comparative Examples and the
figures (photomicrographs) of particle shapes are given
below.

Fig. 1: spherical particles having a smooth surface

(particles Al)
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Fig. 2: spherical particles having small grains on the
surface (particles AZ20)

Fig. 3: spherical particles having a rough surface and
wrinkles (scratches and cracks) (particles A21)

Fig. 4: spherical particles having holes (unevenness)
(particles A22)

Fig. 5: spherical particles having a smooth surface and more
linear portions than those of Fig. 1 (particles A30)

Fig. 6: spherical particles having a rough surface and
wrinkles (particles A31)

Fig. 7: disk-like particles (particles B1l-1)

Fig. 8: paired particles (hamburger-like particles)
(particles C1)

Fig. 9: rice grain-like particles (particles D1)

Fig. 10: rectangular parallelepiped particles (particlesE1l)
Fig. 11: hexagonal plate-like particles (particles F1)
Fig. 12: octahedral particles (particles G1)

Fig. 13: columnar (cask-like) particles (particles H1)
Fig. 14: agglomerated particles having a rough surface which
look as if they were stretched (particles V1)

Fig. 15: spherical particles having a smooth surface
(particles Y-A-1)

Fig. 16: spherical particles having a cracked surface and
a partially broken surface (particles Y-A-4)

Fig. 17: spherical particles having a cracked surface (Y-A-5)
Fig. 18: disk-like particles (particles Y-A-19)

Fig. 19: spherical particles (particles Y-A-18)

Fig. 20 rectangular parallelepiped particles (particles
Y-A-30)

Fig. 21: massive agglomerate of a large number of spherical

particles (particles Y-V-1)

(5) formation of ion exchanger; The existence of a

diffraction patterns of silver-containing aluminum sulfate




10

15

20

25

30

63

hydroxide particles (X-I) and (Y-I) and other diffraction

pattern was checked by a powder X-ray diffraction method.

(6) content of organic acid; The silver- and organic acid
anion-containing aluminum sulfate hydroxide particles were
baked at 1,000°C to generate CO, which was collected and
measured in accordance with JIS R 9101 to calculate the

content of carbon and the content of an organic acid from

the above content.

Method of measuring an antibacterial resin composition,
resin molded articles and resin products such as films,
fibers, coatings and caulking materials:
(7) antibacterial property testing method
E. coli NBRC 3972 was used and S. aureus NBRC 12732

was used in the following tests (a) to (e). 1In Tables-7 to
-17 showing the results of the antibacterial property test,
“cfu” stands for colony forming unit. “Cfu/ml” represents
the number of colony forming units per 1 ml and the
antibacterial properties are higher as the value of “cfu/ml”
becomes smaller.
(a) molded plates; JIS-Z 2801 (year 2000 version)

test piece size; 50 mm x 50 mm X 2 mm
(b) fibers, nonwoven fabrics; JIS-L 1902 (year 2002 version)
(c) coatings; A coating is applied to a test piece composed
of an iron plate measuring 50 mm x 50 mm x 2 mm (made of JIS
G 3101 SS400) to a thickness of about 0.1 mm and measured
by the above method (a).
(d) films; JIS-Z 2801 (year 2000 version)
(e) caulking materials; A caulking material was caulked on
a test piece composed of an iron plate measuring 50 mm x 50
mm x 2 mm (made of JIS G 3101 SS400) to a thickness of about

1 mm and measured by the above method (a).
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(8) transparency; The haze value H of a 2 mm-thick plate or
a S0 ym-thick £ilm was measured with the Automatic Haze Meter
Optical Unit TC-HIIIDP of Tokyo Densyoku Co., Ltd. and
expressed in % based on the following expression.
H=1{h - (h, - hy)} x 100/h;, %
wherein h; is the haze value of a resin molded article or
film obtained without adding an antibacterial agent, and h,
is the haze value of a resin molded article or f£film obtained
by adding an antibacterial agent.

As H is closer to 100 %, transparency closer to that

of an antibacterial agent non-added product is maintained.

(9) whiteness; It was measured visually how much a sample
such as a molded article, film, fiber or nonwoven fabric was
discolored when it was left in a room on a northern side

without the direct rays of the sun for 60 days.

(10) antibacterial action retention characteristics after
contact with tap water

The above test material was immersed in 1,000 ml of
tap water at 90°C or 70°C for 120 hours and fully rinsed with
tap water to be measured by the above methods (a) to (e) in
the above paragraph (7). A metal net made of stainless steel
SUS-304 was used as a weight to immerse a test piece having
a specific gravity of 1 or less forcedly. The reason why
the tap water was heated at 90°C or 70°C is that the
antibacterial action retention characteristics of the test
piece after its contact with tap water are observed for a
short time. This is a promotion test for testing
antibacterial action retention characteristics after

contact with tap water at normal temperature.

(11) test of filter passability at the time of kneading and

extrusion (measurement of the pressure of an extruder)
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Filters (screen mesh) were placed in front of the
breaker plate of a 30 mm-diameter double-screw kneading
extruder (screw diameter of 30 mm) of Plastic Kohgaku
Kenkyusho Co., Ltd. when seen from the flow direction of a
resin. A S50-mesh filter was placed on the breaker plate side,
a 80-mesh filter was placed at the center anda 100-mesh filter
was placed on a hopper side. 1In this state, the machine was
operated at a screw revolution of 170 rpm and a delivery rate
of 10 kg/hr for 2 hours and then for 24 hours, and its pressure
was measured with a pressure meter installed before the
filters.

The pressure rises fast when a large number of coarse
particles unable to pass through the filter clogup the filter,
which means that filter passability is low. In this case,
the filter must be exchanged for new one quickly, causing
an industrial problem.

In this test, when the pressure is 200 kg/cnﬁ or more,
the machine is almost broken, when the pressure is 150 k/cm?
or more, a too much load is applied to the machine and the
machine will malfunction without exchanging the filters,
when the pressure becomes 100 kg/cm?, new filters must be
prepared to be exchanged for the filters, and when the
pressure is 100 kg/cm® or less, the machine can be operated
without a problem.

If the pressure goes up to 150 kg/cm® 24 hours after
the start of the machine, the filters may be exchanged once
a day, which is barely of industrial significance somehow.

This measurement was made at an antibacterial agent
concentration of 5 wt% based on 100 wt% of the total of 95
wt% of a resin and 5 wt% of the antibacterial agent. This
measurement was made separately under a blending condition
different from the antibacterial agent concentration on the
left side of the vertical double lines shown in Tables-7 to

-9. Other conditions at the time of kneading and extrusion
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were the same as those on the left side of the vertical double
lines.

As described above, when an antibacterial agent
composed of silver- and organic acid anion-containing
aluminum sulfate hydroxide particles of the present
invention is used in a resin, it is possible to provide an
antibacterial resin composition which is excellent in all
of dispersibility, transparency, whiteness, antibacterial
properties, especially antibacterial action retention
characteristics after contact with tap water and filter
passability at the time of kneading and extrusion,
antibacterial resin molded articles formed from the resin
composition, and antibacterial resin products such as
antibacterial films, antibacterial fibers, antibacterial
nonwoven fabrics, antibacterial coatings and antibacterial
caulking materials.

Out of these, the long-term retention of antibacterial
action after contact with tap water cannot be attained by
the prior art and it is therefore possible to maintain
antibacterial properties for a long time even in places where
tap water is always used, such as kitchens, bathrooms and
toilets. That is, it is a big outcome of the present
invention that it can provide a novel technology for
providing an antibacterial agent which retains its
antibacterial properties for a long time even under the above
condition, a method of manufacturing the antibacterial agent,
an antibacterial resin composition and antibacterial resin
products formed from the composition.

Another big outcome of the present invention is that
it solves a problem with a technology which is generally
carried out in a pre-stage for obtaining an antibacterial
resin product, that is, a problem that the machine cannot
be operated for a long time and the filters must be exchanged

in a short period of time due to low filter passability
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(extruder pressure) at the time of kneading and extruding
a resin when a master batch (MB)’ is manufactured with a resin
kneading extruder by kneading together a resin and an
antibacterial agent.

Describing this outcome more specifically, filter
passability at the time of kneading and extruding a resin
is improved by the present invention, the machine can be
operated for a longer time, and the frequency of exchanging
the filters becomes low, thereby making it possible to cut
the amounts of a resin and auxiliary materials such as
additives and fillers to be blended with the resin, water,
energy, power, labor and time and further to provide an
antibacterial resin composition and antibacterial resin
products at a lower cost, which is of extremely great

industrial value.

Examples

The method of manufacturing antibacterial agent
particles represented by the formula (X-I) of the present
invention and the use of the particles will be first described
based on Examples.

In the formulas of the following examples, when the
numerical value of “b” in the formula (X-I) is “1”, "1" is

omitted.

Manufacture of silver- and organic acid anion-containing
aluminum sulfate hydroxide particle antibacterial agent;
Examples X-I-1 to X-I-47 and Comparative Examples X-I-1 to
X-I-9 (manufacture of particles A, B, C, D, E, F, G and H)
Manufacture of spherical particles (particles A); Examples
X-I-1 to X-I-31

Example X-I-1
Manufacture of [Agp.1(NH4)o.91AL13(C204)0.1(S04)1.9(0OH) 6 0.5H,0

Particles Al were obtained from the following raw




10

15

20

25

68

materials by the following synthesizing method.

Raw materials used

Ammonium sulfate 264.28 g = 2 mol
Oxalic acid (H;C,04 2H,0) 38g = 0.3 mol
Aluminum sulfate having a 1923 ml = 2.0 mol

concentration of 1.04 mol/1l
Ammonia aqueous solution having gg4.5 m1 = 8.05 mol
a concentration of 9.0 mol/1l

Synthesizing method

264 .28 g of ammonium sulfate (NH,),SO, was dissolved
in 4.0 liters of ion exchange water.

38 g of oxalic acid (H,C,0, 2H,0) was dissolved in 1.0
liter of ion exchange water.

The above aqueous solution of oxalic acid and the above
aqueous solution of aluminum sulfate Al,(S0,): were added to
the aqueous solution of ammonium sulfate (NH;).SOs under
agitation to prepare a mixed acid aqueous solution. The
mixed acid aqueous solution was heated at 50°C or lower while
it was fully stirred (todissolve the precipitated crystals),
and then 894.5 ml of the above ammonia aqueous solution was
added to the mixed acid aqueous solution over 25 minutes to
prepare a slurry of an ammonium type organic acid
anion-containing aluminum sulfate hydroxide particle
precipitate. The slurry was further subjected to a
hydrothermal treatment at 100°C for 1 hour. The treated
precipitate was filtered, rinsed, dried and ground to obtain
a powder sample. 100 gof the sample was collected, suspended
in 600 ml of an aqueous solution of silver sulfate having
a concentration of 0.025 mol/1 and stirred to carry out ion
exchange between ammonium ions and silver ions under shaded
light at 30°C for 8 hours.

The sample after ion exchange was filtered, rinsed,
dried (150°C x 6 hours) and ground. Particles Al were

obtained through these steps. The results are shown in
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Table-1.

Example X-I-2
manufacture of [Agp.1(NH;)o.9]AL3(C204)0.1(S04)1.9(0H)s
The particles Al obtained in Example X-I-1 were dried

at 150°C for 2 hours to obtain particles A2.

Example X-I-3
Synthesis of [Ago.1(NHg)o.9]AL13(C204) 0.0001(S04)1.9999 (OH) ¢

The procedure of Example X-I-1 was repeated except that
the amount of oxalic acid was changed to 0.0005 mol (0.063
g), and the obtained product was further dried at 150°C for

2 hours to obtain particles A3.

Example X-I-4
Manufacture of [Ago.1(NHs)o.9]A13(C204)0.01(S04)1.999(0H)¢

The procedure of Example X-I-1 was repeated except that
the amount of oxalic acid was changed to 0.05 mol (6.3 g),
and the obtained product was further dried at 150°C for 2

hours to obtain particles A4.

Example X-I-5
Manufacture of [Agp.;(NH4)0.91A13(C204)0.4(S04)1.7(0OH)5

The procedure of Example X-I-1 was repeated except that
the amount of oxalic acid was changed to 1.5 mol (189.1 g),
and the obtained product was further dried at 150°C for 2

hours to obtain particles AS.

Example X-I-6
Manufacture of [Ago.1(NH4)o.9]Al5 7(C204)0.1(S04)1.9(0H)5s 1

The procedure of Example X-I-1 was repeated except that
the amount of aluminum sulfate was changed to 1,731 ml (1.8
mol), and the obtained product was further dried at 150°C

for 2 hours to obtain particles A6.
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Example X-I-7
Manufacture of [Agg.;(NH4)0.9]ALl3.3(C204)0.1(S04)1.9(0H)6. 9

The procedure of Example X-I-1 was repeated except that
the amount of aluminum sulfate was changed to 2,115 ml (2.2
mol), and the obtained product was further dried at 150°C

for 2 hours to obtain particles A7.

Example X-I-8
Manufacture of [Agg.1(NHg)0.9]A1;3(C204)0.1(S04)2.4(0OH)5s

The procedure of Example X-I-1 was repeated except that
the amount of ammonium sulfate (NH,),SO, was changed to 2.3
mol (303.9 g), and the obtained product was further dried
at 150°C for 2 hours to obtain particles AS.

Example X-I-9
Manufacture of [Ago.1(NH4)1.10)1.2A13(C204)0.1(S04)1.9(0OH)6 o2
The procedure of Example X-I-1 was repeated except that
the agitation time after the addition of the ammonia aqueous
solution was changed to 2 hours, the amount of the ammonia
aqueous solution added was changed to 1,093 ml (9.84 mol)
and the hydrothermal treatment time was changed to 30 minutes,
and the obtained product was further dried at 150°C for 2

hours to obtain particles A9.

Example X-I-10
Manufacture of [Ago.;(NH4)o.9]Al3(C204)0.1(S04)1.9(0OH)5

The procedure of Example X-I-1 was repeated except that
the hydrothermal treatment time at 100°C was changed to 45
minutes, and the obtained product was further dried at 150°C

for 2 hours to obtain particles AlO0.

Example X-I-11
Manufacture of [Ago.1(NHs)o.76]0.86R13(C204)0.1(S04)1.9(0OH) 5 68
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The procedure of Example X-I-1 was repeated except that
the addition time of the ammonia aqueous solution was changed
to 40 minutes and the amount of the ammonia aqueous solution
added was changed to 755ml (6.8 mol), and the obtained product
was further dried at 150°C for 2 hours to obtain particles

All.

Example X-I-12
Synthesis of [Ago.;(NHs)0.7]A13(C204)0.1(S04)1.9(0H)5

The procedure of Example X-I-1 was repeated except that
the amount of the aqueous solution of silver sulfate for ion
exchange was changed to 1,800 ml, and the obtained product
was further dried at 150°C for 2 hours to obtain particles

Al2.

Example X-I-13
Manufacture of [Agg.g01 (NHg)0.999] A13(C204)0.1(S04)1.9(0OH)

The procedure of Example X-I-1 was repeated except that
the aqueous solution of silver sulfate for ion exchange was
changed to an aqueous solution of silver nitrate, the
concentration of the silver nitrate was 0.001 mol/l, the
amount of the solution was changed to 300 ml and the treatment
temperature was changed to 15°C, and the obtained product
was furthgr dried at 150°C for 2 hours to obtain particles

Al3.

Example X-I-14

Manufacture of [Ago.o0001 (NHs) 0.99999] Al;3(C204) 0.1 (S04) 1.9 (0OH) ¢
The concentration of the aqueous solution of silver

nitrate for ion exchange was changed to 0.00001 mol/l in

Example X-I-13, other procedure was carried out according

to Example X-I-1 and the obtained product was further dried

at 150°C for 2 hours to obtain particles Al4.
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Example X-I-15
Manufacture of [Ago.1(NHg)o.9]AL13(C204)0.1(S04)1.9(0H)6 0.5H0
50 g of the sample obtained in Example X-I-1 was
suspended in a 80°C aqueous solution containing 1.5 g of
sodium stearate, stirred for 30 minutes to carry out a surface
treatment, dehydrated, rinsed, dried (105°C x 6 hours) and

ground to obtain particles AlS.

Example X-I-16

Manufacture of [Agy.1(NH;)o.9]A13(C204)0.1(S04)1.9(0H)6 2H,0
The sample obtained in Example X-I-1 was left in a NaCl

atmosphere at 30°C and a relative humidity of 75 % to carry

out a moisture absorption treatment for 25 hours so as to

obtain particles Ale6.

Example X-I-17 (400°C x 1 hour baked product of Example 1)
The sample obtained in Example X-I-1 was baked at 400°C
for 1 hour under a nitrogen atmosphere to obtain particles
17.
When the particles 17 were analyzed by the powder X-ray
diffraction method, all of them were
[Ago.1 (NHg) 0.9] A13(C204) 0.1(SO4)1.9(OH)¢. They were spherical.
10.00 gof the particles A17 was added to 100 ml of ion exchange
water, stirred at 20°C for 30 minutes, dehydrated, rinsed
and dried at 120°C for 16 hours. The particles Al7 had no

weight loss and weighed 10.00 g.

Example X-I-18 (500°C x 1 hour baked product of Example 1)
The sample obtained in Example X-I-1 was baked at 500°C
for 1 hour under a nitrogen atmosphere to obtain particles
Al8.
When the particles 18 were analyzed by the powder X-ray
diffraction method, all of them were

[Ago.1(NHg) 0.9] Al3(C204) 0.1(S04)1.9(0H)¢. They were spherical.
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10.00 g of the particles Al8 were added to 100 ml of ion
exchange water, stirred at 20°C for 30 minutes, dehydrated,
rinsed and dried at 120°C for 16 hours. The particles Al8
had no weight loss and weighed 10.00 g.

Example X-I-19

Manufacture of [Agg.001Ko.999] Al3(C204)0.1(S04)1.5(0H) ¢
Particles Al9 were obtained from the following raw

materials by the following method.

Raw materials used

Potassium sulfate 2 mol 348 g
Oxalic acid (H,C,04-2H;0) 0.3 mol 38 g
Aqueous solution of aluminum 2.0 mol 1,923 ml

sulfate having a concentration

of 1.04 mol/1

KOH aqueous solution having a 8 4 mol 1 123 ml
concentration of 7.5 mol/1l !

Synthesizing method

348 g of potassium sulfate (K,SO,) was dissolved in 4.0
liters of ion exchange water. 38 g of oxalic acid
(H2C204° 2H,0) was dissolved in 1.0 liter of ion exchange water.

The above aqueous solution of oxalic acid and the above
aqueous solution of aluminum sulfate Al,(SO4)3; were added to
the aqueous solution of potassium sulfate (K,SO4;) under
agitation to prepare a mixed acid aqueous solution.

The mixed acid aqueous solution was fully stirred, and
1,120 ml of the above aqueous solution of potassium hydroxide
was added to the mixed acid aqueous solution over 25 minutes
to prepare a slurry of a potassium type organic acid
anion-containing aluminum sulfate hydroxide particle
precipitate.

This slurry was stirred for another 1 hour and subjected
to a hydrothermal treatment in an autoclave at 140°C for 2
hours.

The treated precipitate was filtered, rinsed and dried
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to obtain a powder sample.

100 g of the sample was collected, suspended in 300
ml of an aqueous solution of silver nitrate having a
concentration of 0.001 mol/l and stirred to carry out ion
exchange between potassium and silver under shaded light at
25°C for 1 hour.

The sample after ion exchange was filtered, rinsed,
dried (105°C x 6 hours) and ground. Further, the sample was
dried at 200°C for 2 hours after these steps to obtain

particles Al9.

Example X-I-20
Manufacture of
[Ago.001K1.179) 1.18A13 (S04) 2.26 (NO3) 0.04 (C204) 0.07 (OH) 548
The procedure of Example X-I-19 was repeated except
that potassium sulfate used was changed to potassium nitrate

KNO; to obtain particles A20.

Example X-I-21
Manufacture of
[Ag0.001K1.179) 1.18A13 (SO04) 2.26 (NO3) 9.04 (C204) 0.07 (OH) 548

The procedure of Example X-I-19 was repeated except
that K,SO, was changed to KNO; and the hydrothermal treatment
conditions were changed to 160°C and 2 hours to obtain

particles A21.

Example X-I-22
Manufacture of [Ago.001Ko.999] Al3(C204)0.1(S04)1.9(0H)¢

The procedure of Example X-I-19 was repeated except
that the hydrothermal treatment temperature was changed from

140°C to 170°C to obtain particles A22.

Example X-I-23
Manufacture of [Agg.1Nap.9]Al; (Ce¢HsO7)0.067(S04)1.9(0OH)
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Particles A23 were obtained from the following raw
materials by the following method.

Raw materials used

sodium sulfate 2 mol 284.06 g
citric acid (CgHgO;:H;0) 0.3 mol 63 g
Aqueous solution of aluminum sulfate 2.0 mol 1,923 ml
having a concentration of 1.04 mol/l

NaOH aqueous solution having a 8.2 mol 2,440.5 ml

concentration of 3.36 mol/1l

Synthesizing method

'+ 284.06 g of sodium sulfate (Na,SO,) was dissolved in
4.0 liters of ion exchange water. 63 g of citric acid was
dissolved in 1.0 liter of ion exchange water.

The above aqueous solution of citric acid and the above
aqueous solution of aluminum sulfate Al,(S0O4); were added to
the aqueous solution of sodium sulfate (Na,SO,;) under
agitation to prepare a mixed acid aqueous solution.

2,440.5 ml of the above aqueous solution of sodium
hydroxide was added to the mixed acid solution over 25 minutes
under agitation to prepare a slurry of a sodium type silver-
and organic acid anion-containing aluminum sulfate hydroxide
particle precipitate.

This slurry was stirred for another 10 hour and
subjected to a hydrothermal treatment in an autoclave at
170°C for 2 hours.

The precipitate after the hydrothermal treatment was
filtered, rinsed, dried and ground to obtain a powder sample.

Other steps were carried out in accordance with Example
X-I-1, and then the obtained product was dried at 150°C for

2 hours to obtain particles A23.

Example X-I-24
Manufacture of [Agy.1Nag.s]Als(Ce¢Hs07) 0.067(S04)1.9(0H) ¢

The procedure of Example X-I-23 was repeated except
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that the addition time of sodium hydroxide was changed to
40 minutes and the agitation time after the addition of sodium
hydroxide was changed to 1 hour, and the obtained product
was further dried at 150°C for 2 hours to obtain particles
A24.

Example X-I-25

Manufacture of [Ago.1Nag.s]Als(C4H406)0.1(S04) 1.9 (0H)¢
Particles A25 were obtained from the following raw

materials by the following method.

Raw materials used

sodium sulfate 2 mol 284.06 g
tartaric acid (C4HgOs) 0.3 mol 45 g
Aqueous solution of aluminum sulfate 2.0 mol 1,923 ml
having a concentration of 1.04 mol/1l

NaOH aqueous solution having a 8.2 mol 2,440.5 ml

concentration of 3.36 mol/1l

Synthesizing method

284.06 g of sodium sulfate (Na,SO4) was dissolved in
4.0 liters of ion exchange water. 45 g of tartaric acid
(C4HgOg¢) was dissolved in 1.0 liter of ion exchange water.

The above aqueous solution of oxalic acid and the above
aqueous solution of aluminum sulfate Al,(SO4); were added to
the aqueous solution of potassium sulfate (K,SO4) under
agitation to prepare a mixed acid aqueous solution.

The mixed acid aqueous solution was fully stirred, and
244 .05 ml of the above aqueous solution of sodium hydroxide
was added to the mixed acid aqueous solution over 25 minutes
to prepare a slurry of a sodium type silver- and organic acid
anion-containing aluminum sulfate hydroxide particle
precipitate.

This slurry was stirred for another 5 hours and
subjected to a hydrothermal treatment in an autoclave at

170°C for 2 hours.
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The suspension after the hydrothermal treatment was
filtered, rinsed, dried and ground.

Other steps were carried out in accordance with Example
X-I-1, and the obtained product was further dried at 150°C

for 2 hours to obtain particles A25.

Example X-I-26
Manufacture of [Ago.1Nap.s]Als(C4H4O6) 0.1 (S04)1.9(0H) 6

The procedure of Example X-I-25 was repeated except
that the amount of sodium hydroxide was changed to 8 mol (2,381
ml) and the addition time was changed to 40 minutes to obtain

particles A26.

Example X-I-27
Manufacture of
[Ago.1(NHs)0.9] ALz 94Zn0.01T10.01 (C204) 0.1 (SO4) 1.9 (OH) ¢+ 0.5H,0

The procedure of Example X-I-1 was repeated except that
a sulfuric acid solution containing 2.5 g of zinc sulfate
and 2.5 g of titanium sulfate {Ti,(SO4)3:} was added to the
mixed acid aqueous solution (the amount of the aqueous
solution of aluminum sulfate of the mixed acid aqueous
solution was reduced to 1,885 ml) of Example X-I-1, the silver
ion exchange treatment temperature was changed to 80°C and
the treatment time was changed to 16 hours to obtain particles

A27.

Example X-I-28
Manufacture of
[Ago.1(NHg) 0.9] ALz 25Zn0.5T10.25 (C204) 0.1 (SO4) 1.9 (OH) 6 0.5H,0

The procedure of Example X-I-1 was repeated except that
a sulfuric acid solution containing 125 g of zinc sulfate
and 63 g of titanium sulfate {Ti,(SO,);} were added to the
mixed acid aqueous solution (the amount of the aqueous

solution of aluminum sulfate of the mixed acid aqueous
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solution was reduced to 1,442 ml) of Example X-I-1, the silver
ion exchange treatment temperature was changed to 80°C and
the treatment time was changed to 30 hours to obtain particles
A28.

Example X-I-29
Manufacture of [Agy.;(NHy)0.9]AL13(C204)0.1(S04)1.15(P0O4) 0.5 (OH)6

371 g of the particles Al right before ion exchange
with silver (after the hydrothermal treatment) was added to
an aqueous solution obtained by dissolving 74.5 g of ammonium
phosphate in 500 ml of water and stirred at 100°C for 1 hour
to incorporate PO,’” into the particles. The subsequent steps
were carried out in accordance with Example X-I-1, and the
obtained product was further dried at 150°C for 2 hours to
obtain silver- and organic acid anion-containing aluminum
sulfate phosphate hydroxide particles A29.

In this example, silver- and organic acid
anion-containing aluminum inorganic acid salt hydroxide
particles having the same particle properties as the
particles A29 and containing inorganic acid ions which were
C0;%", NO;~, Si0,* and BO,;’” were obtained by using sodium
carbonate, sodiumnitrate, sodium silicate and sodium borate

in place of ammonium phosphate.

Example X-I-30
Manufacture of [Agy.1Nag. s]Ali(S04)1.0(C2H40s) 0.1 (OH) ¢

The procedure of Example X-I-25 was repeated except
that the organic acid used was changed from tartaric acid
to DL-malic acid to obtain particles A30.

The characteristic properties of the particles are
shown in Table 1. The particles were spherical as shown in

Fig. 5.

Example X-I-31
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Manufacture of [Ago.1Nap.9]Al;(S04) ;1.9 [CeH2 (OH)3CO0] o.067(OH) ¢
The procedure of Example X-I-23 was repeated except
that the organic acid used was changed from citric acid to
gallic acid [C¢H4 (OH)3;COOH] to obtain particles A31. The
characteristic properties of the particles are shown in Table

1. The particles were spherical as shown in Fig. 6.

Comparative Example X-I-1
Manufacture of [Agy.;(NHy)o.9]AL;(S0O4)2(0H)6

The procedure of Example X-I-1 was repeated except that
oxalic acid was not used, and the obtained product was further

dried at 150°C for 2 hours to obtain particles V1.

Comparative Example X-I-2
Manufacture of NH4Al;(C204)0.1(S04)1.9(0H)6

The procedure of Example X-I-1 was repeated except that
ion exchange with a silver solution was not carried out, and
the obtained product was further dried at 150°C for 2 hours

to obtain particles V2.

Comparative Example X-I-3
Manufacture of KAl;(C204)0.1(S04)1.9(0OH)6

The procedure of Example X-I-19 was repeated except
that ion exchange with a silver solution was not carried out

to obtain particles V3.
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Manufacture of disk-like particles (“go” stone-like

particles; particles B); Examples X-I-32 to X-I-34

Example X-I-32-1

Manufacture of [Ag,.1Nap.s]Al;(C204)0.1(S04)1.9(0OH)
Particles Bl were obtained from the following raw

materials by the following synthesizing method.

Raw materials used

sodium sulfate 2 mol 284.06 g
Oxalic acid (H,C,04 2H,0) 0.3 mol 38 g
Aqueous solution of aluminum 2.0 mol 1,923 ml

sulfate having a concentration

of 1.04 mol/1

NaOH aqueous solution having a 8.2 mol 2,440.5 ml
concentration of 3.36 mol/1l

Synthesizing method

284.06 g of sodium sulfate (Na,SO,;) was dissolved in
4.0 liters of ion exchange water. 38 g of oxalic acid was
dissolved in 1.0 liter of ion exchange water.

The above aqueous solution of oxalic acid and the
aqueous solution of aluminum sulfate Al,(SO4); were added to
the aqueous solution of sodium sulfate (Na,SO4) under
agitation to prepare a mixed acid aqueous solution.

This mixed acid aqueous solution was fully stirred,
and then 2,440.5 ml of the above aqueous solution of sodium
hydroxide was added to the mixed acid aqueous solution over
20 minutes to prepare a slurry of a sodium type silver- and
organic acid anion-containing aluminum sulfate hydroxide
particle precipitate.

This slurry was stirred for another 5 hours and
subjected to a hydrothermal treatment at 170°C for 2 hours.
The treated precipitate was filtered, rinsed and dried. 100
g of the obtained sample was collected, suspended in 600 ml
of an aqueous solution of silver sulfate having a
concentration of 0.025 mol/1 and stirred to carry out ion

exchange between sodium ions and silver ions at 25°C for 5
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hours. 0.02 g of a polyacrylamide-based polymer coagulant
(Sumifloc FN-20 of Sumitomo Chemical Co., Ltd.) was added
to the sample after ion exchange and stirred for 10 minutes,
and the obtained product was filtered, rinsed, dried (105°C
X 6 hours) and ground. It was further dried at 200°C for

2 hours to obtain particles Bl-1.

Example X-I-32-2

2.6 g of zinc sulfate heptahydrate (first-grade
reagent of Wako Pure Chemical Industries, Ltd.) and 2.2 g
of ammonium sulfate (first-grade reagent of Wako Pure
Chemical Industries, Ltd.) were added to 1,000 ml of ion
exchange water heated at 80°C to prepare a mixed solution.
95 g of the particles Bl-1 was added to the mixed solution,
stirred for 6 hours, dehydrated, rinsed and dried to obtain
particles Bl-2 treated with zinc and ammonium. The obtained
particles had a Zn content of 0.1 %, a NH; content of 0.4 %
and a BET specific surface area of 60 m?/g, and other
properties were the same as those of the particles Bl-1.

Thereafter, the same treatment was made on the
particles A20, C1, D1, El1, F1, Gl and H1 to obtain the treated
particles. All the treated particles had a Zn content of
0.1 % and a NH, content of 0.4 %. Although the BET specific
surface areas of the treated particles were about 6 times
larger than those of the particles before the treatment, the
treated particles had almost the same average secondary
particle diameters, particle size uniformity, particle
shapes and other particle properties as those of the
particles before the treatment. The whiteness of a resin
composition obtained by adding the treated particles to a
resin was further improved as compared with a resin
composition obtained by adding the particles before the

treatment to a resin.
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Example X-I-33
Manufacture of [Agy.1Nag.s]Al3(C204)0.1(S04)1.9(0H)6

The procedure of Example X-I-32-1 was repeated except
that sodium sulfate used was changed to 4.0 liters of a
reaction mother liquid containing 0.5 mol/1 of sodium sulfate,
the addition time of sodium hydroxide was changed to 40
minutes, and the agitation time after addition was changed

to 1 hour to obtain particles B2.

Example X-I-34
Manufacture of [Ago.001Nao.999] Al3(C204)0.1(S04) 1. 9(0OH) 6

The procedure of Example X-I-32-1 was repeated except
that the concentration of the aqueous solution of silver

sulfate was changed to 0.00025 mol/1 to obtain particles B3.

Comparative Example X-I-4-(1)
Manufacture of NaAl;(C,04)0.1(S04)1.9(0OH)¢

The procedure of Example X-I-32-1 was repeated except
that ion exchange with silver ions was not carried out to

obtain particles Wl.

Comparative Example X-I-4-(2)
Manufacture of [Agy.1Nap.9]JAl;(S04),(0H)g
The procedure of Example X-I-32-1 was repeated except

that oxalic acid was not used to obtain particles W2.
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Manufacture of paired (hamburger-like) particles (particles

C) ; Examples X-I-35 to X-I-37
Example X-I-35
Manufacture of [Agy.1Nag.s]Al;(C204)0.1(S04)1.9(0H)

The procedure of Example X-I-32-1 was repeated except
that the treatment temperature in the autoclave was changed
to 180°C and the treatment time was changed to 10 hours to

obtain particles Cl.

Example X-I-36
Manufacture of [Ag,.1Nag. 9]Ali(C204)0.1(S04)1. ¢ (0H)¢

The procedure of Example X-I-32-1 was repeated except
that treatment temperature in the autoclave was changed to
180°C, the treatment time was changed to 10 hours, sodium
sulfate used was changed to 4.0 liters of a reaction mother
liquid containing 0.5 mol/l of sodium sulfate, and the
addition time of sodium hydroxide was changed to 40 minutes

to obtain particles C2.

Example X-I-37
Manufacture of [Ag,.001Nao.999] Al3(C204)0.1(S04)1.9(0OH)¢

The procedure of Example X-I-32-1 was repeated except
that the concentration of the aqueous solution of silver
sulfate was changed to 0.00025 mol/l, the treatment
temperature in the autoclave was changed to 180°C, and the
treatment time was changed to 10 hours to obtain particles

C3.

Comparative Example. X-I-5-(1) NaAl;(C;04)0.1(S04)1.9(0OH)g
The procedure of Example X-I-35 was repeated except
that ion exchange with silver ions was not carried out to

obtain particles X1.

Comparative Example X-I-5-(2) [Ago.1Nao sJAl;(S04)2(0H)¢
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The procedure of Example X-I-35 was repeated except

that oxalic acid was not used to obtain particles X2.
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Manufacture of rice grain-like particles (particles D);

Examples X-I-38 to X-I-40
Example X-I-38
Manufacture of [Agp.1Nag o] Al;(C3H406)0.1(S04)1.0(0H)¢

The procedure of Example X-I-23 was repeated except
that tartaric acid was used in place of citric acid, and the
obtained product was further dried at 150°C for 2 hours to

obtain particles D1.

Example X-I-39
Manufacture of [Agy.1Nay 9] Al (C3H 06)0.1(S04),.9(0H)

The procedure of Example X-I-23 was repeated except
that tartaric acid was used in place of citric acid and the
addition time of the NaOH aqueous solution was changed to
35 minutes, and the obtained product was further dried at

150°C for 2 hours to obtain particles D2.

Example X-I-40
Manufacture of [Agy.001Nag.s99] Al;(C204)0.1(S04) 1.5 (OH)¢

The procedure of Example X-I-23 was repeated except
that tartaric acid was used in place of citric acid and the
concentration of silver ions was changed to 0.00025 mol/1,
and the obtained product was further dried at 150°C for 2

hours to obtain particles D3.

Comparative Example X'I—6'(l) NaAl3(C2H4OG)0,1(804)1.9(OH)5
The procedure of Example X-I-38 was repeated except
that ion exchange with silver ions was not carried out to

obtain particles Y1.

Comparative Example X-I-6-(2)
Manufacture of [Ag,.1Nay 3]Al;(SO4);(0OH)6
The synthesizing procedure of Example X-I-38 was

repeated except that tartaric acid was not used, and the




S1

obtained product was further dried at 200°C for 2 hours to

obtain particles Y2.




92

aTdwexg aatjexedwo) : - x3-D oardwexzmy :-x3

(Z)-9-I-X
SUON 23TuM 08 L 9| peajexswoibby (2 X 2 (HO)Z(*0S) fTV [ eN' °6y) "Xd°D
TT-uTeIb (1)-9-I-%
9UON 93TYM 00T 1T 9°0 a0ty TX % 9(HO)S '(*0S) T °(°0*H*D) fTveN e )
9YTT-uTeib % °(HO)
3UON 93TYM oL 1 v 201y €a §°1(*05) 10 (30¥H"D) C TV [656 %eNT00 9By] 0v-I-X "X&d
a)tr-utexb X
3uoN 93TYM z'6?b T 4 20Ty 2 | 9(HO)® ' (*0S) ¥ 9 (°0’H*D) CTV [¢ %eN' °6y] 6€-I-X "Xd
a{TT-uteab X
SUON 93TuM oL T P°T 20Ty Td | 9(HO)® ' (*0S) V" (%0’H*D) TV [ %eN' °6y] 8e-I-X "X3d
((1)
ernwrioy jo
Mﬁdﬂmmﬁounu B/u seq/stq=aq .
ueyy 13y3o eaxe uer3 urt uoxn.._xu
yead) Fo103 SIE3INS -snw..nuu.ﬂuwm..nu Toasnere C) wuﬂmunumm.m E) MMMMM BTNWIO BOTWd ;
uzajaed oT31oads wauawum& aroraxed 2% 1oT31ed T 3 TeoTUsYD
uota 13g 10 mmw:mumnm Axepuooas
-oex33Ip sbexanv juabe
Aex-x Tetaaideq
Iapmod -Tauy
v s1q®Bel




10

15

20

25

93

Manufacture of rectangular parallelepiped particles

(particles E); Examples X-I-41 to X-I1-44

Example X-I-41

Manufacture of [Agg.1(H30)0.9]JA13(C204)0.1(S04)1.9(0H)¢
Particles El1 were obtained from the following raw

materials by the following synthesizing method.

Raw materials used

Aluminum sulfate having a 2.0 mol 1923 ml '
concentration of 1.04 mol/1l
Aluminum hydroxide Al (OH), 2.0 mol 156.02 g

(aluminum hydroxide; dried aluminum hydroxide gel
S-100 of Kyowa Chemical Co., Ltd.; amorphous)
Oxalic acid (H2C204‘ 2H20) 0.25 mol 31.52 g

Synthesizing method

The above oxalic acid was added to the above aqueous
solution of aluminum sulfate under agitation and the above
aluminum hydroxide Al (OH); was further added under agitation
to prepare a slurry of a hydrogen type organic acid
anion-containing aluminum sulfate hydroxide particle
precipitate. Ion exchange water was added to the slurry to
dilute it so as to prepare 7.0 liters of a solution, and the
solution was further stirred at room temperature for 15 hours
and subjected to a hydrothermal treatment in an autoclave
at 170°C for 5 hours.

The solution after the treatment was filtered, rinsed,
dried and ground to obtain a sample. Other steps were carried
out in accordance with Example X-I-1, and the obtained
product was further dried at 150°C for 2 hours to obtain

|
|
|
particles E1.

Example X-I-42
Manufacture of [Agg.;(H30)0.9]A1;5(C204)0.1(S04)1.5(0H)5
The procedure of Example X-I-41 was repeated except

that the agitation time before the treatment in the autoclave
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was changed to 30 minutes, and the treatment temperature in
the autoclave was changed to 150°C, and the treatment time

was changed to 2 hours to obtain particles E2.

Example X-I-43 [AGo. 001 (H30) 09951 Al (C204) 0.1 (S04) 1.5 (OH) 6
The procedure of Example X-I-41 was repeated except
that the concentration of silver ions to be exchanged was

changed to 0.00025 mol/1l to obtain particles E3.

Example X-I-44
Manufacture of [Agp.1(H30)0.9]A13(C204)0.2(S04)1.9(0H)5

The procedure of Example X-I-41 was repeated except
that the agitation time before the treatment in the autoclave

was changed to 2 hours to obtain particles E4.

Comparative Example X-I-7-(1)
Manufacture of (H30)Al;(C304)0.1(504)1.9(0H)¢

The procedure of Example X-I-41 was repeated except
that ion exchange with silver ions was not carried out to

obtain particles Z1.

Comparative Example X-I-7-(2)
Manufacture of [Agy.;(H30),.s]A13(S0,) 2 (OH)¢
The procedure of Example X-I-41 was repeated except

that oxalic acid was not used to obtain particles Zz2.

Comparative Example X-I-9

The particles R1 of Comparative Example X-I-9 were
silver supporting zirconium phosphate having an average
secondary particle diameter of 1.0 um, a Dr of 4.5, a BET
specific surface area of 4 m?*/g and a silver content of 3 %.

The properties of the particles R1 are shown in Table-5.
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Manufacture of hexagonal plate-like particles (particles F);

Example X-I-45
Example X-I-45
Manufacture of [Agy.1Nag.9]Al3(S04)1.5(C204)0.1(0H)6

2 mol of aluminum sulfate and 2 mol of sodium sulfate
were dissolved in 6,000 ml of pure water, and 31.52 g (0.25
mol) of oxalic acid was added to the resulting solution.
1,800 ml of an aqueous solution containing 8.8 mol (352 gq)
of sodium hydroxide was added to the mixed solution under
agitation, further stirred at room temperature for 30 minutes,
subjected to a hydrothermal treatment at 180°C for 20 hours,
cooled to normal temperature, filtered, rinsed and dried at
95°C for 15 hours to obtain organic acid anion-containing
aluminum sulfate hydroxide particles.

Subsequent steps were carried out in accordance with
Example X-I-1, and the obtained product was further dried
at 150°C for 2 hours to obtain particles F1.

The characteristic properties of the particles are
shown in Table 6. The particles were shaped like a hexagonal

plate as shown in Fig.11l.

Manufacture of octahedral particles (particles G); Example

X-I-46

Example X-I-46

Manufacture of [Ag(y.i1Nap 9]Al;(S04);1.9[CH3CH (OH)COO] o, 067 (OH) g
The procedure of Example X-I-23 was repeated except

that the organic acid used was changed from citric acid to

L-lactic acid [CH3;CH(OH)COOH] to obtain particles Gl1. The

characteristic properties of the particles are shown in Table

6. The particles were octahedral as shown in Fig. 12.

Manufacture of columnar particles (cask-like particles;

particles H); Example X-I-47

Manufacture of
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[Ago.1Nag.s] A13(S04) 1.9 [HOCH,CH (OH) COO] ¢.067 (OH) ¢

The procedure of Example X-I-23 was repeated except
that the organic acid used was changed from citric acid to
DL-glyceric acid [HOCH.CH(OH)COOH] to obtain particles H1.
The characteristic properties of the particles are shown in
Table 6. The particles were columnar (cask-like) as shown

in Fig. 13.
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The particles Al to A31, Bl to B3, Cl1l to C3, D1 to D3,
El to E4, Fl1, Gl and Hl of the above Examples X-I were
synthesized from high-purity raw materials (purified to such
an extent that the contents of Pb, Cd, As and Ba were all
0.1 ppm or less, the content of Fe was 10 ppm or less, and
the contents of Mn, Cu, Cr and Ni were 1 ppm or less) by using
an apparatus made of the above corrosion resistant material.

Therefore, the contents of impurities were different
from those of natural alum, that is, the contents of Pb, Cd4d,
As and Ba were all 0.1 ppm or less, the content of Fe was
10 ppm or less, the contents of Mn, Cu, Cr and Ni were 1 ppm
or less, and the content of Cl was 100 ppm or less.

The contents of impurities were measured by atomic
absorption spectrophotometry, ICP-AES (Inductively Coupled
Plasma-Atomic Emission Spectroscopy) or fluorescent X-ray
spectroscopy .

A detailed description is subsequently given of an
antibacterial resin composition obtained by blending the
antibacterial agent of the present invention into a resin
and the method of manufacturing an antibacterial resin
product based on examples. The amounts of components are
based on 100 parts by weight of the resin.

2,5-thiophenediyl (5-tert-butyl-1, 3-benzohexazole)
which is a fluorescent brightener was added in an amount shown

in tables.

Polypropylene molded articles;

Examples X-II-1 to X-II-32 and Comparative Examples X-II-1
to X-II-4

In Example X-II-1, 100 parts by weight of polypropylene
for transparent injection molding, 0.06 part by weight of
the particles Al shown in Table-1 and
2,5-thiophenediyl (5-tert-butyl-1, 3-benzohexazole) (amount

shown in Table-7) as a fluorescent brightener were pre-mixed
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and kneaded together by a double-screw kneading extruder at
230°C to obtain a mixture pellet which was then injection
molded at 230°C to obtain a 2 mm-thick test piece for various
tests and measure its antibacterial properties
(antibacterial action retention characteristics right after
molding and after contact with tap water), transparency and
whiteness in accordance with the above measurement methods
(7) to (10) for resin products. The results are shown on
the left side of the vertical double lines in Table-7.

A test of filter passability at the time of kneading
and extrusion (pressure of extruder) was conducted in
accordance with the above method (11). The results are shown
on the right side of the vertical double lines in Table-7.

In the tests of Examples X-II-2 to X-II-32, a test piece
was prepared in the same manner as in Example X-II-1 except
that the type and amount of the antibacterial agent particles
used in Example X-II-1 were changed as shown in Table-7 to
carry out tests. The results are shown in Table-7.

Comparative Example X-II-1differs from Example X-II-1
in that silver-containing aluminum sulfate hydroxide
particles containing no organic acid which are particles V1,
W2, X2, Y2 or 22 having a large Dr width (particle size
distributionwidth) or silver supporting zirconium phosphate
particles R1 were used, Comparative Example X-II-2 differs
from Example X-II-1 in that no antibacterial agent was added
in the tests, Comparative Example X-II-3 differs from Example
X-II-1 in that aluminum sulfate hydroxide particles V3
containing no silver were used, and Comparative Example
X-II-4 differs from Example X-II-1 in that aluminum sulfate
hydroxide particles V3 containing no silver were used. Test
pieces were prepared in the same manner as in Example X-II-1
except that the amount of the antibacterial agent differed
in some of Examples as shown in Table-1 and the same

measurements were made on the test pieces.
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The results are shown in Table-7.




102

jubtam Aq 3xed :mqd
a1dwexy aatjexedwo) : - xg°) srtdwexmy :-xd

< 01 < 01 < 071 0 90°0 LTY LTI-II-X "X3
< 01 < ot < 01 0 90°0 91V 9T1-II-X X3
< 01 < 01 < 0T 0 90°0 STV ST-II-X "X3
0T x T 0T x 1 0T x T T00°0 00€ viv P1-II-X "X3
0T x T 0T x T 0T x 1 T100°0 Z €TV €1-II-X X3
0T x 6 0T x 8 0T x 8 100°0 T00°0 [A8°4 ZT-II-X "X3
0T x T 0T x T 0T x T 0 90°0 1Y TT-II-X X3
< 0T < 0T < 01 0 30°0 0TvY O0T-II-X X3
< 0T < 01 < 01 0 90°0 6Y 6-II-X X3
0T x T 0T x T 0T x T 0 30°0 8Y 8-II-X 'Xd
0T x 1 0T x T 0T x 1T 0 90°0 LY L-II-X X3
0T x T 0T x T 0T x T 0 90°0 oY 9-II-X X3
< 0T < 01 < 01 0 900 SY S-TI-X "X3d
0T x T 0T x T 0T x T 0 90°0 144 b-II-X X3
0T x ¢t 0T x € 0T x € 0 90°0 124 €-II-X "x3d
< 0T < 0T < 01 0 90°0 (44 Z-II-X "X3
< 0T < 01 < 01 T000°0
90°0 v T-II-X "Xd
< 01 < 01 < 01 0
Tw/n3o Tw/n3d
(TTO> PrYorIdYydsy) Tw/n3ys umxmwm
J,06 3¢ snaane mqd
x93em dej Yyats 3joe3UOD I333B|SnooooordAydels| 1102 eIUDTIaYISH
SOT3ISTIIIOBIRYD UOTIUIIDY Bbutptow x333e Iauajybraq juabe | aroriaed Jusbe
uoT3IOEe Terxaloeqrauy] 3ubtx sartizadoxd Terasideqrauv | juassaronyy Terzaioeq | rerxsaioeqrijue Jusbe
satixadoxd tetaaldeqriuy JO Junowy | -T3ue JO JUNOWY] JO auwenN Hmﬂum.wwwmm

L STqelL




103

a7dwexg aatjexedwo) : -xg-) osrdwexy : - XF

sz 12 (@3TYM) OTIRWOIYDY 00T LT-II-X X4
sz 12 (83TyYM) OT3IRPWOIYDY 00T 9T-II-X "XdI
sz 12 (33TYym) OTIPWOIYDY 00T ST-II-X X3
¥4 12 (83TYM) OTIBWOIYDY 0T $T-II-X "X&
sZ 12 (823TYym) OT3PWOIYDY 86 €T-IXI-X "Xd
sz 1z (33TUM) DTIRWOIYDY 00T ZT-II-X "xd
Sz 12 - (23TYm) OTIBWOIYDY 001 TT-II-X "3
14 1z (23Tym) dT3IEWOIYDY 00T O0T-II-X X4
sz ze (93TYm) OT3PWOIYDY 00T 6-II-X X3
8z ze (@3TYym) OoTIEWOIYDY 00T 8-II-X "xd
s¢ 12 (33Tym) OTIBWOIYDY 001 L-II-X X3
S9 92 (23TYym) 2TIBWOIYDY 00T 9-II-X "Xxa
ve 12 (23TYm) OTIEWOIYDY 00T S-II-X X4
oL 82 (23TYmM) OTIBWOIYDY 00T b-II-X X3
06 €€ (93TYym) OST3PWOIYDY 00T €-II-X X3
14 12 (23TYym) oT3IRWOIYDY 00T Z-II-X X3
(33TYm) DOTIPWOIYDY 00T
14 1§ TSITUM) DTIeuoTIou T 1-I1-X X3
Xd O
- X
sanoy %c sanoy z
satjaadoad
~EU\me % Tetasldoeq
I3pNI3IXa JO 3anssaad I0T0D KAouaxedsuexy -T3uy

(PINUTJUOD) L 3TqelL




104

jybtem Aq 3aed :mqd

aTdwexy aatjexedwo) : - x¥- D ardwexy : - xXJ
0T x T 0T x T 0T x T ] 90°0 TEY TE-II-X "xd
< 0T < o1 < 01 0 90°0 oewY 0€-II-X "xd
< 0T < 01 < 01 0 90°0 62Z% 6C-11I-X "X4
< 01 < 01 < 01 0 90°0 8Cv 82-II-X X3
< 01 < 01 < 0ot 0 90°0 LY LZ-II-X "Xd
< 0T < 0T < 01 100°0 90°0 9zv 9Z-II-X X3
< 0T < 0T < 01 0 90°0 R A4 SZ-II-X "Xd
< 0T < 0T < o1 100 "0 90°0 | 24 $Z-II-X X3
< 01 < 01 < 0T 0 90°0 €ZY £€Z2-II-X X3
0T x T 0T x T 0T x 1 10 Z t4A ¢ Z22-II-X "Xxd
0T = T 0T x T 0T x T T°0 z 154 4 TZ-II-X %3
0T = T 0T x T 0T =x T T°0 Z (¥ A4 0Z-II-X "xd
0T x T 0T x T 0T x T T°0 (4 6TV 6T-1I-X "xd
< 0T < 01 < 0T 0 90°0 8TVY 8T-II-X X3
Tw/ngo Tw/n3o
(rroo> eIYoTIaYIST) Tw/n3gd X3
J,06 23e snaaneg mqd i 4c
aa3em del YaTm 30e3UOD I1333¥[SN22020TAyde3s| 1102 BIYDTIAYDSI
SOTISTI9IDBIRYD UOTIU3IAX butptow x333e Iauajybraq juabe | aror3xed Jusbe [satraxadox
UuoT3Oe TerIajldeqriuy 3ybta sataxadoxd Tertrasideqrauy juadsazonT(yd TeTasldeq | [eraxa3ideqriue | [etxaideq
satixadoxd tetxaldeqriuy 3O JuUNowy | -T3ue JO JUNOuNY 3O Swen -Tauy

(PeNUTIUOD) L STqeL




105

a1dwexg aatjexedwo) :-x¥-D a1dwexdy : X

sz ze (23TYym) OSTIPWOIYDY 001 TE-II-X X3
sz 12 (23TYyM) DTIBWOIYDY 00T 0€-II-X "X3
<z ze (23TYM) OTIPWOIYDY 001 62-II-X "xa
sz ze (93TYym) DTIPWOIYDY 001 82-II-X 'x&
sz 2z (23Tym) oT3RBWOIYDY 00T LZ-II-X "x&
14 184 (23TYm) OTIPWOIYDY 00T 92-II-X °"Xd
sz 12 (83TYM) OTIPWOIYDY 00T SZ-II-X X4
oz 1z (23TYm) oT3IBWOIYDY 001 pZ-I1-X X3
sz 1z (93Tym) OTIEWOIYDY 00T €2-II-X 'x3
LZ 12 (83TYM) OT3eWwoIydY 96 ¢Z-II-X "x3d
sz 12 (93TYM) DTIPWOIYDY L6 12-11-X "X3
sz 12 (23TYym) ODOT3ewoxydy 86 0Z-II-X 'X3d
Sz 12 (3Tym) DTIBWOIYDY 86 6T-II-X 'X3
Sz 1z (33TYM) OSTIBWOIYDY 001 81-II-X 'X3
RSCNe)
- xg
sanoy #2z sanoy ¢
sat3yaadoad
Lo /By % Tetas3oeq
I9pnI3ixa JO aanssalg I0T0D Kousaedsuea], -T3uy

(panuTtjuoo) . o21qel




106

ardwexyg sarjexedwo) : X7 D s1dwexy

ybtem Aq 3aed :mqd

HES <C |
0T x 1 0T x 1 0T x T 0 90°0 TH
< 0T < 01 < 01 0 90°0 19
< 0T < 0T < 01 0 90°0 Td
< 0T < 0T < 01 0 90°0 va
0T x T 0T x T 0T x T T100°0 14 €3
0T x ¢ 0T x ¢ 0T x € 0 90°0 f4c!
‘< 01 < 01 < 01 0 90°0 3
0T x T 0T x T 0T x T T00°0 Z €a
0T x ¢ 0T x € 0T x ¢ 0 90°0 za ZE-II-X "Xd
< 0T < 01 < 01 0 90°0 Ta
0T x T 0T x T 0T x T T00°0 Z 2o}
0T x ¢ 0T x € 0T x € 0 90°0 [4e]
< 0T < 0T < 0T 0 90°0 10
0T x 1 0T x 1 0T x T T00°0 [4 €g
0T x § 0T x § 0T x S 0 90°0 [4:
< 0T < 01 < 0T 0 90°0 Z-1d
< 0T < 01 < 0T 0 950°0 1-Td
Tw/n3o Tw/n3>
(TT02 PIYOSTISIYDOST) Tw/n3o N o)
J2,06 1e snaane mqd mqd * X3
133em del YiTm 3DBUOD I333FE|SNoo0oo0TAydels| 110D erysTIayosd
SOT3sSTIad3IDEBIBYD UOTIU3]3X butpow x333je Iauaaybraq juabe | ayorazed quabe |saTyaxadox
uor3loe Terisldeqriuy ybrx sariasdoad rerIa3ldeqIiuY | juassaaonyy Tetaa3deq | [eriajoeqriue | reraajoeq
satayxadoad [etaaloeqiauy JO Junowy | -T3jue JO JUunouy JO asweN -Tauy

(penuT3uod) L 3T1qelL




107

oaTdwexy aatjexedwo) : - x¥-) artdwexy : -x4q

o€ [ &4 (331TYym) OT3PWOIYDY 00T TH
vz 12z (23TYM) OT3IBWOAYDY 00T 9
se T2 (33TUM) OTIEWOIYDY 00T T4
09 Lz (23TYM) OTIBPWOIYDY 00T va
sz 1z (93TYyM) OTIPWOIYDY 86 €3
oL 82 (33TUM) OTIBWOIYDY 00T [4ct
Sz 1z (33TYm) OTIPWOIYDY 00t 1d
sz 12 (®3TUymM) OTIEWOIYDY 86 €
9z 1z (23TyYym) OTIEWOIYDY 00T za ZE-II-X X4
Sz 12 (23TUM) OTIBWOIYDY 00T 1a
5z 1z (33TYM) OTIRWOIYDY 66 €D
9z F&4 (33TYyM) OTIPWOIYDY 00T (4o}
sz 12z (93TUM) OTIPWOIYDY 00T 10
sz 12z (33TYM) OTIEBWOIYDY 00T A
o€ %4 (33TYM) DTIePWoIYIyY 00T (4
sz 12 (23TUM) OT3IEWOIYDY 00T Z-18€
Sz 12 (33TUM) OTIPWOIYDY 00T T-149
X3 o
“xq
sanoy vz sanoy ¢ 31ot3xed
juabe | setrjzaxadoa
W2/ B s Tetas3ldeqriue Tetxajoeq
I9pNIIX2 JO IINSSIIJ 070D Aousredsueay 30 SuweN - Tauy

(PeNUTIUOD) £ STqeL




108

aybtoam

Aq 3xed :mqd

aTdwexd w>ﬂUMHMQEOU XA D wHQmem HAD <Cf
0T x 8 0T x 9 0T x L 0 00t {9\ b-II°X3°D
0T x 6 0T x L 0T x L 0 90°0 ZA €-II°'X3'D
juabe
0T x 6 90T x L 0T x 8 0 0 Terxsldeqriue Z-I1°X3d°D
ON

0T x § < 0t < 01 100°0 (4 -
0T x 6 < 0T < 0T 0 90°0
0T x T (0T x 8 0T x 8 0 90°0 2z
0T x T 0T x 8 0T x 8 0 90°0 ZR T-II "X3'D0
0T x T 0T x L 0T x 9 0 90°0 X
0T x T 0T x 9 0T x § 0 90°0 4}
0T x T 0T x 8 0T x 8 0 90°0 A
Tw/n3d Tw/n32
(TT02 PTIYOTIBYOST) Tw/n3d “Xg° 9

D,06 1® snaxng mqd mqd *xd

x93em del Yy3iTs 310e3U0D I933e|SsnoooooT1dydels| TTo0D eIyoTIaydsa
SOT3ISTIa3DeTIEYD UOTIUIIDIX butpTow x333e Iauajybraq juabe | arorixed quabe [saraxadox
uoTade TeTI’dIdeqrauy| 1Yybtx sarixsadoxd terzajdoeqriuy [ jusssaaonty Tetaaldeq | [erxajoeqriue | [eraajdeq
satixadoxd TetIa3ldEqIIUY JO Qunowy | -TIue JO JUNOUN JOo aweN -T3uy

(ponuUT3UOD) L STqeL




109

a1dwexy aarjexedwo) : - xg-D oa1dwexw : -xXT
sz 12 (@3TYym) OSTIEWOIYDY <1 €A v-II'X3°D
sz 12 (®3Tym) OTIEWOIYDY 00T ZA €-II°X3"D
Jjuabe
44 0z (23TYM) STIPWOIYDY 00T Z-11°%x3°D
TeTIa3deqTIUe ON
(33TUM) OTIPWOIYDY 0s
0t 8¢ (23TUM) DOTIPWOIYDY 06 ™
> 00¢ > 002 (23TYmM) OT3EPWOIYDY [ zZ
> 002 > 002 (23TYyMm) OTIEWOIYDY z6 ZX T-II-X X3 D
> 00¢ > 002 (33TYM) OTIPWOIYDY Z6 ZX
> g0o0¢ > 002 (23TYM) DTIPWOIYDY 26 ZM
> o002 > 00¢ (93TYM) OT3IPWOIYDY z6 1A
"Xd°D
- xq
sanoy bz sanoy g
aror3yxed juabe
10100 % Tetxaideqriue
mEo\m& Aouaxedsuea] Jo aweN [satixadoad
I3pnI3IXa JO IInssaxd Tetaaiseq
-Tauy

(ponuT3iuUOD) L ITqEL




10

15

20

25

30

110

It was confirmed that the molded articles of Examples
were excellent in antibacterial properties right after
molding, antibacterial action retention characteristics
after contact with tap water, transparency, color and filter
passability at the time of kneading and extrusion. On the
other hand, the molded articles of Comparative Examples had
a problem with at least one of these properties.

In the experiments, it was observed that as the average
secondary particle diameter of the silver- and organic acid
anion-containing aluminum sulfate hydroxide particle
antibacterial agent becomes smaller, antibacterial
properties and transparency become higher, as the BET
specific surface area becomes larger, antibacterial
properties become higher, and when the Dr width (particle
size distribution width) is small, the particle diameter is
uniform and a fixed amount of an organic acid is contained,
antibacterial properties tend to be high.

Looking at Comparative Examples, in Comparative
Examplebx-II—l in which the particles V1, W2, X2, Y2 and 22
all of which are silver-containing aluminum sulfate
hydroxide particles containing no organic acid and having
a large Dr width (particle size distribution width) were used,
as the organic acid was not contained, antibacterial
properties were unsatisfactory, filter passability at the
time of kneading and extrusion became worse right after
opérat ion to such an extent that the operation of the machine
became difficult, and transparency slightly lowered.

It was observed that Comparative Example X-II-1 in
which zirconium phosphate-based particles R1 were used was
inferior to Examples in antibacterial action retention
characteristics after contact with tap water and
transparency.

Since no antibacterial agent was added in Comparative

Example X-II-2, though there was no problemwith transparency
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and color, no antibacterial effect was observed at all and
the object of the present invention was not attained.

Although 300 parts by weight of organic acid
anion-containing aluminum sulfate hydréxide particles was
used in Comparative Example X-II-4, as they were not organic
acid anion-containing aluminum sulfate hydroxide particles
containing silver, no antibacterial effect was observed at
all.

That is, even when aluminum sulfate hydroxide
particles are used, as understood from Comparative Examples
X-II-3 and X-II-4, it is found that aluminum sulfate
hydroxide particles containing no silver cannot provide

antibacterial properties to molded articles.

Polystyrene and acrylic resin transparent resin molded

articles
Examples X-II-33 and X-II-34 and Comparative Examples X-II-5,
6 and 7

In Examples X-II-33 and X-II-34, the procedure of
X-II-1 was repeated except that the resin to be made
antibacterial was changed from polypropylene to transparent
resins such as polystyrene and acrylic resin, the amounts
of the antibacterial agent and the fluorescent brightener
were changed as shown in Table-8, and the kneading and molding
temperatures were changed to 210°C. The amounts of the
components are shown in Table-8.

The procedure of Example X-II-33 was repeated except
that no antibacterial agent was added in Comparative Example
X-II-5, the antibacterial agent was changed to the particles
V2 in Comparative Example X-II-6 and the antibacterial agent
was changed to the particles Y1 in Comparative Example X-II-7.
The measurement results of antibacterial properties,
transparency and color are shown in Table-8.

As shown in Table-8 below, it was confirmed that the




112

molded articles of Examples were achromatic (white) and
excellent in antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water) with almost unimpaired transparency.
On the other hand, since silver was not contained in
the aluminum sulfate hydroxide particles in Comparative

Examples, antibacterial properties were not obtained at all.
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Polycarbonate, polyethylene terephthalate, nylon 6:6 and

polyacetal resin molded articles

Examples X-II-35 and X-II-36, and Comparative Examples
X-II-8 and X-II-9

In Examples X-II-35 and X-II-36, tests were conducted
in accordance with Example X-II-1 except that the resin to
be made antibacterial was changed from polypropylene to
resins which have transparency and need to have a low content
of water at the time of processing, such as polycarbonate,
polyethylene terephthalate, nylon 6-6 and polyacetal resins,
the type and amount of the antibacterial agent and the amount
of the fluorescent brightener were changed as shown in
Table-9, and the kneading and molding temperatures were
changed to normal resin processing temperatures (290°C for
PC, PET and nylon 6-6 and 190°C for polyacetal).

0.1 part by weight of the dried particles A2, Bl, C1,
D1, E1, F1, Gl or Hl or the baked particles Al7 or Al8 were
used as an antibacterial agent in Examples X-II-35 and
X-II-36, no antibacterial agent was added in Comparative
Example 8, and 0.1 part by weight of 400°C or 500°C baked
particles V2 was used in Comparative Example 9. The
measurement results of antibacterial properties,
transparency, color and pressure of an extruder are shown
in Table-9.

Molded articles obtained in Examples X-II-35 and
X-II-36 had no silver streak.

As shown in Table-9 below, it was confirmed that molded
articles of Examples were achromatic (white) and excellent
in antibacterial properties (antibacterial action retention
characteristics right after molding and after contact with
tap water) with almost unimpaired transparency. On the other
hand, antibacterial properties were not observed at all in

Comparative Examples.
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Films
Examples X-II-37 and Comparative Example X-II-10

100 wt % of the total of 90 wt% of LDPE resin and 10
wt% of the particles A2, Bl, Cl1l, D1, E1, F1, Gl or Hl as an
antibacterial agent were kneaded together by a pressure
kneader at 120°C for 15 minutes, and the kneaded product was
hot cut by an extrusion granulator at 120°C to obtain a master
batch pellet having a diameter of about 3 mm.

A 50 pum-thick film was formed from a mixture of the
master batch pellet and LDPE resin before the formation of
the master batch and having composition shown in Table-10
by a T die method or inflation method.

In Comparative Example X-II-10, a film was obtained
out of LDPE resin alone before the formation of the master
batch.

The antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water), transparency and whiteness of the
film were measured by the above methods. The results are
shown in Table-10. In Comparative Example X-II-10, a film
was prepared without adding an antibacterial agent and
measured in the same manner as in Example X-II-37. The
results are shown in Table-10.

As shown in Table-10 below, it was confirmed that the
film of Example was achromatic (white) and excellent in
antibacterial properties (antibacterial action retention
characteristics right after molding and after contact with
tap water) with unimpaired transparency. On the other hand,
antibacterial properties were not observed at all in

Comparative Example.

Example X-II-38
100 parts by weight each of polypropylene, LDPE, HDPE,

ionomer resin, nylon 6/66 copolymer resin, PET resin or AS
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resin and 0.1 part by weight of the particles A2 were kneaded
together by a double-screw kneading extruder to obtain
a mixture pellet.

A 50 um-thick film was obtained from the pellet by the
T die method. The antibacterial properties (antibacterial
action retention characteristics right after molding and
after contact with tap water), transparency and whiteness
of the film were measured by the above methods. The results
are shown in Table-10.

It was confirmed that the films obtained in Examples
were achromatic (white) and excellent in antibacterial
properties (antibacterial action retention characteristics
right after molding and after contact with tap water) with
unimpaired transparency. On the other hand, antibacterial

properties were not observed at all in Comparative Example.
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PVC molded articles

Example X-II-39 and Comparative Example X-II-11

In Example X-II-39, a composition comprising 100 parts
by weight of a polyvinyl chloride resin, 0.1 part by weight
of antibacterial agent particles shown in Table-11, 1.2 parts
by weight of octyltinmercapto, 0.8 part by weight of glycerin
ricinoleate and 0.4 part by weight of montanic acid ester
was kneaded by an open roll at 180°C for 3 minutes, and the
kneaded product was molded into a 2 mm-thick plate by a
compression molding machine at 180°C.

The antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water) of the molded plate were measured
by the above method. The results are shown in Table-11.

In Comparative Example X-II-11], a composition
comprising no antibacterial agent was molded into a 2
mm-thick plate likewise, and the same measurements were made
on the plate. The results are shown in Table-11.

It was confirmed that the molded plate of Example was
excellent in antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water) and transparency as shown in Table-11
below. On the other hand, antibacterial properties were not

observed at all in Comparative Example.
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Thermosetting resin molded articles

Example X-II-40 and Comparative Examples X-II-12 and X-II-13

In Example X-II-40, 100 parts by weight of an
unsaturated polyester resin, 1 part by weight of
antibacterial agent particles shown in Table-12, 3 parts by
weight of a curing agent (HY951 of Ciba Specialty Chemical
Co., Ltd.), 1 part by weight of stearic acid, 0.5 part by
weight of an antioxidant (Irganox 1010 of Ciba Specialty Co.,
Ltd.), 0.001 part by weight of a fluorescent brightener and
150 parts by weight of aluminum hydroxide for artificial
marble having an average secondary particle diameter of 30
um and a BET specific surface area of 1 m?’/g were kneaded
together by a kneader, and the kneaded product was cured at
90°C for 15 minutes to obtain a 2 mm-thick plate.

The antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water) of the molded plate were measured
by the above method. The results are shown in Table-12.

In Comparative Examples X-II-12 and X-II-13, 2
mm-thick molded plates were manufactured in the same manner
as in Example X-II-40 except that no antibacterial agent was
added and the particles Rl were used, respectively, and the
same measurements were made on these plates. The results
are shown in Table-12.

It was confirmed that the molded plate of Example was
excellent in antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water). On the other hand, antibacterial
properties were not observed at all in Comparative Example
X-II-12.

Although antibacterial properties were observed right
after molding in Comparative Example X-II-13, it was verified
that it had no antibacterial action retention

characteristics after contact with tap water.
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Example X-II-41

The procedure of Example X-II-40 was repeated except
that the antibacterial agent particles were changed to the
particles E2, the amount of the particles was changed to 300
parts by weight, and the amount of the stearic acid was changed
to 3 parts by weight to manufacture a molded plate and carry
out the same measurements on the plate. The results are shown
in Table-12. It was confirmed that the molded plate had
excellent antibacterial properties (antibacterial action
retention characteristics right after molding and after

contact with tap water).

Example X-II-42

The procedure of Example X-II-40 was repeated except
that the resin to be made antibacterial was changed from the
unsaturated polyester resin to a phenolic resin, melamine
resin and epoxy resin and the antibacterial agent was changed
to the particles E4 to manufacture a molded plate and carry
out the same measurements on the plate. The results are shown
in Table-12. The obtained molded plate had excellent
antibacterial properties (antibacterial action retention
characteristics right after molding and after contact with
tap water).

The following can be understood from Examples X-II-40
to X-II-2 and Comparative Examples X-II-12 and X-II-13.

The antibacterial thermosetting resin products of the
present invention can be advantageously used in artificial
marble for use in toilets and bathrooms without losing their
antibacterial properties (antibacterial action retention
characteristics right after molding and after contact with
tap water) for a long time.

On the other hand, in Comparative Example X-II-13 in

which silver supporting zirconium phosphate in the prior art
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was used, antibacterial properties right after molding were
observed but antibacterial action retention characteristics
after contact with tap water were not observed at all. That
is, this comparative example is of no significance in the

above application field.
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Rubber molded articles

Example X-II-43 and Comparative Example X-II-14

A composition comprising 100 parts by weight of EPDM
(ethylene/propylene ratio = 50/50), 0.5 part by weight of
antibacterial agent particles shown in Table-13, 3 parts by
weight of dicumyl peroxide, 0.5 part by weight of
poly(2,2,4-trimethyl-1,2-dihydroquinone), 1 part by weight
of a silane coupling agent (A-172 of Nippon Unicar Co., Ltd.),
0.5 part by weight of stearic acid, 1 part by weight of
phosphor, 0.001 part by weight of a fluorescent brightener
and 5 parts by weight of rutile titanium dioxide was kneaded
by an open roll at 50°C, and the obtained kneaded product
was cured at 160°C for 30 minutes after one day to obtain
a 2 mm-thick molded plate.

The antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water) of the molded plate were measured
by the above method. The results are shown in Table-13.

In Comparative Example X-II-14, a 2 mm-thick plate was
obtained in the same manner as in Example X-II-43 except that
no antibacterial agent was added, and the same measurements
were made on the plate. The results are shown in Table-13.

It was confirmed that the molded plate of Example had
excellent antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water). On the other hand, antibacterial
properties were not observed at all in Comparative Example

X-II-14.

Example X-II-44

A molded plate was manufactured in the same manner as
in Example X-II-43 except that the antibacterial agent
particles were changed to the particles Al4, the amount of

the particles was changed to 200 parts by weight and the amount
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of stearic acid was changed to 2 parts by weight, and the
same measurements were made on the plate. The results are
shown in Table-13.

It was confirmed that the molded plate had excellent
antibacterial properties (antibacterial action retention
characteristics right after molding and after contact with

tap water) .
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Fibers
Example X-II-45 and Comparative Example X-II-15

100 parts by weight of polypropylene for fibers and
2 parts by weight of the antibacterial agent particles A2
were pre-kneaded together by a double-screw kneading
extruder, and the kneaded product was spun by a melting method
using an extruder having a 300-mesh screen to obtain a
100-denier fiber. The antibacterial properties
(antibacterial action retention characteristics right after
molding and after contact with tap water) of the fiber were
measured by the above method. The results are shown in
Table-14.

In Comparative Example X-II-15, a 100-denier fiber was
manufactured in the same manner as in Example X-II-45 except
that no antibacterial agent was added, and the same
measurements were made on the fiber. The results are shown
in Table-14.

It was confirmed that the fiber of Example had excellent
antibacterial properties (antibacterial action retention
characteristics right after spinning and after contact with
tap water) .

This means that the antibacterial properties are not
lost or hardly lost even when fiber products such as globes
and socks are washed several ten times or several hundred
times.

In the above extrusion melting method, the spinning
work was not impeded by the screen clogged up with coarse

particles in Example.
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Nonwoven fabrics

Example X-II-46 and Comparative Example X-II-16

The polypropylene fibers obtained in Example X-II-45
and Comparative Example X-II-15 were formed into nonwoven
fabrics having a density of 0.06 g/cm’ by a papermaking web
method and random web method, and the above antibacterial
property test was made on these fabrics. An excellent
antibacterial effect (antibacterial action retention
characteristics right after molding and after contact with
tap water) was obtained in Example. On the other hand,
antibacterial properties were not observed at all in

Comparative Example. The results are shown in Table-15.
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coatings
Example X-II-47 and Comparative Example X-II-17

60 parts by weight of methyl methacrylate, 40 parts
by weight of 2-ethylhexyl acrylate, 3 parts by weight of
triethylene glycol dimethacrylate, 10 parts by weight of
dialkyl phthalate, 0.003 part by weight of hydroquinone, 0.5
part by weight of paraffin wax having a melting point of 46°C,
0.5 part by weight of paraffin wax having a melting point
of 54°C and 0.7 part by weight of N,N-di-8-hydroxypropyl-9-P
toluidine based on 100 parts by weight of methyl methacrylate
and 2-ethylhexyl acrylate were injected into an apparatus
equipped with a cooling unit, and 25 parts by weight of a
copolymer of methyl methacrylate and n-butyl methacrylate
(Tg=66°C, Mw=40,000) was injected into the apparatus little
by little under agitation, stirred at 60°C for 2hours and
cooled to 30°C.

A coating comprising 1 part by weight of the particles
A2 of Example X-I-2, 7 parts by weight of the Toner P-400
of Mitsubishi Rayon Co., Ltd. as a colorant, 300 parts by
weight of the KM17 of Mitsubishi Rayon Co., Ltd. as an
aggregate and 2 parts by weight of diacyl peroxide as a
polymerization initiator was left at 20°C for 1 hour to form
a coating film, and an antibacterial property test was made
on the film by the method (c) in the above paragraph (7).
The results are shown in Table-16.

In Comparative Example X-II-17, a coating comprising
no antibacterial agent was applied in the same manner as in
Example X-II-47 to carry out the same measurements. The
results are shown in Table-16.

It was confirmed that the coating of Example had
excellent antibacterial properties (antibacterial action
retention characteristics right after molding and after
contact with tap water). On the other hand, antibacterial

properties were not observed at all in Comparative Example.
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Caulking materials

Example X-II-48 and Comparative Example X-II-18

100 parts by weight of polydimethylsiloxane having a
viscosity at 25°C of 50,000 centipoise and a silanol group
at a terminal and 1 part by weight of y-aminopropyl
bis (methylethylketoxyamino)methoxysilane were mixed
together under vacuum for 10 minutes, 5 parts by weight of
methyl tris(methylethylketoxyamino)silane was added to and
mixed with the resulting mixture under vacuum for 15 minutes,
and S parts by weight of fumed silica having a BET specific
surface area of 200 m?°/g, 0.1 part by weight of dibutyltin
laurate and 1 part by weight of the antibacterial agent
particles A2 were added to the mixture under vacuum for 10
minutes.

This mixed composition was dropped on a polyethylene
sheet to obtain a 2 mm-thick test piece for an antibacterial
property test. An antibacterial property test was made on
this test piece by the above method (e) in the paragraph (7).
The results are shown in Table-17. In Comparative Example,
a caulking material was prepared from a composition
comprising no antibacterial agent, and the same measurements
were made on the caulking material. The results are shown
in Table-17.

It was confirmed that the caulking material of Example
had excellent antibacterial properties (antibacterial
action retention characteristics right after molding and
after contact with tap water). On the other hand,
antibacterial properties were not observed at all in

Comparative Example.
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When ashes obtained by burning the above molded
articles, films, etc. of Examples X-II-1 to X-II-48 at 900°C
were dissolved in sulfuric acid and nitric acid to prepare
a solution so as to measure heavy metals contained in the
molded articles, films, etc. of Examples by atomic absorption
spectrophotometry, ICP-AES (Inductively Coupled
Plasma-Atomic Emission Spectroscopy) or fluorescent X-ray
spectroscopy, the contents of Pb, Cd, As and Ba in the resin
molded articles, films and fibers of Examples X-II-1 to
X-II-48 were all 0.1 ppm or less, the content of Fe was 5
ppm or less, and the contents of Mn, Cu, Cr and Ni were each
1 ppm or less.

Therefore, it is found that the antibacterial resin
composition of the present invention and products formed from
the composition have high safety and excellent thermal

deterioration resistance.

Antifungal agents

Example X-II-49 and Comparative Examples X-II-19 and X-II-20

As for the minimum growth prevention concentration in
the standard method of the Japanese Society of Chemotherapy
(2003 revised version) whose culture medium was changed from
a sensitive MHB culture medium to a potato dextrose agar
medium manufactured by Nissui Pharmaceutical Co., Ltd., the
antifungal performances of the antifungal agent particles
of the present invention and the particles of Comparative
Example were measured and expressed in ppm as the minimum
growth prevention concentrations. As this numerical value
becomes smaller, the antifungal performance becomes higher.

The measurement results are shown in Table-18 below.
The fungi used are *1: Caldosporium Caldosporides NBRC 6348
(black leather mold), *2: Colletotricum coccodes NBRC 5256

(black dot root rot) and *3: Ustilaginoidia virens NBRC 9175

(false smut).
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It was found that the antifungal agent of the present
invention shows much higher antifungal performance than the

antifungal agents of Comparative Examples.

Cosmetics
Example X-II-50 and Comparative Example X-II-21
Water-in-oil type creamy emulsion cosmetics

comprising the components of Example and Comparative Example
shown in Table-19 below were prepared. A mixture of oily
materials denoted by 1 to 5, surfactants denoted by 6 and
7 and an antibacterial agent denoted by 10 was designated
as A, a mixture of purified water denoted by 8 and a humectant
denoted by 9 was designated as B, the mixtures A and B were
heated at 70°C, the mixture B was poured into the mixture
A under agitation, and the resulting product was emulsified
and then cooled. An antibacterial property test was carried
out 30 days after emulsification by using E. coli NBRC 3972
in accordance with the method (c) in the above paragraph (7).
Further, 1 g of each of the creams of Example and Comparative
Example was applied to the armpit of a person always giving
off a bad smell from under his/her arms, and 10 people were
asked to check whether the person was still giving off a bad
smell or not after 8 hours. The measurement results are shown

in Table-19 below.




144

ardwexy aatjzexedwo) :-xg D

0T/0T | oOT/0T1 01/0 01/0 0t/0 0T/0 0T/0 ot/0 oT/0| 0T/0 T13ws peq e [1aws oym atdoad jo zaqunu
w/n3yd
0T x Z(,0T xT < 0T < 0T < 01 < 0T < 01 < 01 < 0T | < 0T ZL6EDYEN TTOOD eTydTIaydsy
0 S°0 0 0 0 0 0 0 0 jusbe Terxajdoeqriue 13 aT1oTaxed
0 0 1 0 0 0 0 0 0 0 juabe Terxajdeqrjue | Z-149 a[oT3xed
0 0 T Q 0 0 0 0 0 0 jusbe Tetisjdeqriue TH |T1o5T3xed
0 0 0 T°0 0 0 0 0 0 0 jJuabe T1etasloeqriue 19 a1o13xed
0 0 0 0 S'0 0 0 0 0 0 juabe TeTIajdoEqTIIUE Td 319T13xBdg
(o] 0 0 0 0 S°0 0 0 0 0 juabe TeTIsldeqTIUE T3 9T1°oT3xed
0 0 0 0 0 0 ) 0 0 0 Juabe T1erxajdeqriue Ta a12T3xeg
0 0 0 0 0 0 0 S°0 0 0 Juabe Tetxsjoeqriue 1D 912T3x%€d
0 0 0 0 0 0 0 0 S0 0 Juabe Terxsildeqriue | 1-1d 9[°2T3Ied
0 0 0 0 0 0 0 0 0 S0 jJuabe Tetxajoeqriue I¥Y 27oT13xeg satdwexg 0T
€ 3 Jue3dawny utIxadA1b 6
asueTeq aoueTeq XTI3RW Ix93em patjyrand 8
. . 93BeIE33SOSTIP
juejdoeyaIns 1Ax30A16ed3p L
€ € auejdeyans | ajeatoejuad (AxasA1beosp 9
S S 110 1933Nnq eays S
23exeajsAxoapi
z'0 zZ'0 3 3 pAq
110 TAa33asatoyd b
8 8 110 XeMm saag €
ST ST 110 auerenbs z
sz 14 110 33ex1ealsost TAdapod T
aTox aouelsqns
12-II°xX3"'D 0S-II sardwexd
uauodwoc) ‘ON
6T 3Tqel




10

15

20

25

30

145

As a result of experiments, it was found that the
cosmetic of Example had excellent antibacterial properties
and a large effect of suppressing a bad smell.

When the cosmetic was applied to the face in the present
invention, it did not feel rough. Particularly when a
cosmetic comprising disk-like particles (particles Al) was
applied to the face, it spread very smoothly.

On the other hand, although Comparative Example differs from
Example only in that the antibacterial agent was changed to
the particles R1 or that no antibacterial agent was added
at all, it was found that the cosmetic of Comparative Example
had no antibacterial properties and no effect of preventing
a bad smell.

Antibacterial deodorizing sprays

Example X-II-51 and Comparative Examples X-I1I-21 and X-II-22

2.3 parts by weight of dipropylene glycol was injected
into a container heated at 70°C, and further 2.5 parts by
weight of lauric acid, 1 part by weight of myristic acid and
3.2 parts by weight of triethanolamine were added to the
container to prepare a solution.

This solution was added to 90 parts by weight of ion
exchange water heated at 70°C little by little to be
emulsified so as to prepare a foam matrix solution which was
then cooled to 25°C.

1 part by weight of the antibacterial agent particles
of the present invention was added to and mixed with the foam
matrix solution under agitation to prepare an antibacterial
deodorizing foam aerosol composition.

180 g of this composition and 20 g of an injection agent
(LPG 0.34 MPa) were charged into a spray tin can to prepare
an antibacterial deodorizing foam aerosol spray.

After a person always giving off a bad smell from under
his/her arms took plenty of exercise, his/her sweat were

collected with a cotton handkerchief measuring 15 cm x 15
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cm so as tobe increasing by weighing 0.5 g and 5 g respectively.
After 1 g of the antibacterial deodorizing foam aerosol spray
was applied to the front and rear sides of the handkerchief
which was then left in a thermostat tank at 30°C for 10 days,
10 people were asked to smell the handkerchief. The

measurement results are shown in Table-20 below.
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Table 20
odor test people who smell a
bad smell

An increase in

weight of handkerchief,

antibacterial agent

An increase in weight of handkerchief | 0.5g 5g

Example X-II-51 |Particle Al 1 pbw 0/10 0/10
Particle Bl-1 1 pbw 0/10 0/10
Particle Cl1 1 pbw 0/10 0/10
Particle D1 1 pbw 0/10 0/10
Particle E1 1 pbw 0/10 0/10
Particle F1 1 pbw 0/10 0/10
Particle Gl 1 pbw 0/10 0/10
Particle H1 1 pbw 0/10 0/10
Particle BI-2 1 pbw 0/10 0/10

Comparative Example X-II-21 5/10 10/10

particles Rl (silver supporting

zirconium phosphate) 1 pbw

Comparative Example X-II-22 (without an|10/10 10/10

antibacterial agent)
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