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METHOD, METHOD FOR MANUFACTURING FIBER MATERIAL, AND METAL PARTICLE

IMPREGNATION DEVICE

The problem addressed by the presentinvention

is to provide a method that can simply and uniformly im-
pregnate with metal particles. In the present invention,
metal particles are formed by spraying droplets including
metal ions or a reducing agent by an electrospray
sprayer. Thereby, it is possible to impregnate a target
with the metal particles uniformly and simply.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an impregnation method for metal particles, an antibacterial/deodorizing meth-
od, a method for manufacturing a fiber material, and a metal particle impregnation device, and more particularly to a
method capable of impregnating an object with metal particles, such as silver or gold particles, uniformly and in a simple
manner in a process for manufacturing an industrial product.

BACKGROUND ART

[0002] Awareness of health and hygiene of the people has been steadily growing in recent years, and products to
which an antibacterial activity and a deodorizing activity have been imparted are actively sold in the fields of food, clothing,
and domestic products. In particular, fiber materials which are used in the field of clothing, bedding, and interior materials
often come into direct contact with the body, and a variety of antibacterial/deodorizing techniques relating to such
materials have been developed.

[0003] Metal ions such as silver and copper ions have been known for a long time as typical components having an
antibacterial activity, and antibacterial agents utilizing these metal ions have been put to practical use. For example, an
example of using a special phosphate-based compound having a silver ion as an antibacterial agent has been reported
(see PTL 1). Further, fibers obtained by mixing a layered compound containing metal ions, such as silver and copper
ions, with a thermoplastic polymer have also been reported as a fiber material having an antibacterial activity, and such
fiber material has been disclosed to be excellent in washing durability (see PTL 2).

[0004] Meanwhile, a phenomenon called "electrospray” in which a liquid is sprayed in the form of charged droplets
toward a counter electrode as a result of applying a high voltage between a nozzle filled with the liquid and the counter
electrode has been used for mass analysis (see PTL 3) and deposition of polymer compounds (see PTL 4). Since the
electrospray phenomenon enables ionization without requiring such conditions as high temperature, it is advantageous
for mass analysis of easily destructible compounds such as biopolymers. It is also well known that because very small
droplets of easily vaporizable solvents can be sprayed, the electrospray phenomenon is advantageous for forming
nanoparticles or carbon nanofibers.

CITATION LIST
PATENT LITERATURE
[0005]

PTL 1: Japanese Patent Application Publication No. H03-083905
PTL 2: Japanese Patent Application Publication No. H05-051812
PTL 3: Japanese Patent Application Publication No. H06-215729
PTL 4: Japanese Patent Application Publication No. 2007-070738

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0006] Problems associated with a method for imparting an antibacterial activity by coating an antibacterial agent
including metal ions such as silver or copper ions, or kneading the agent with fibers are that the method is not versatile
and that uniform impregnation of the metal component cannot be performed in a simple manner. Problems associated
with a method in which fibers are immersed in an antibacterial agent solution are that portions which do not require the
antibacterial processing are still subjected to such processing and that the wastewater treatment of the antibacterial
agent solution is costly.

[0007] For example, a technique enabling uniform and simple impregnation of an object with metal particles of silver
or copper in the process of manufacturing an industrial product, and a technique by which only the necessary portion
of the product can be impregnated with the metal particles would be important in reducing the production cost of products
having an antibacterial activity or a deodorizing activity.

[0008] Thus, itis an objective of the present invention to provide a method by which impregnation with metal particles
can be performed uniformly and in a simple manner.
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SOLUTION TO PROBLEM

[0009] Theinventors have conducted a comprehensive study aimed at the resolution of the above-described problems.
The results obtained have demonstrated that an object can be impregnated with metal particles uniformly and in a simple
manner by forming the metal particles by spraying droplets comprising a metal ion or a reducing agent with an electrospray
sprayer. This finding led to the creation of the present invention.

[0010] Thus, the present invention relates to:

<1> An impregnation method for metal particles, comprising a reaction step of spraying liquid droplets comprising
afirst component onto an impregnation object with an electrospray sprayer and forming metal particles by a reaction
with a second component that is comprised in the impregnation object and/or comprised in droplets sprayed by a
separate electrospray sprayer.

<2> An impregnation method for metal particles, comprising a reaction step of spraying liquid droplets comprising
a first component with an electrospray sprayer and forming metal particles by a reaction with a second component
that is comprised in droplets sprayed by a separate electrospray sprayer; and a blowing step of blowing the metal
particles formed in the reaction step toward an impregnation object.

<3> The impregnation method for metal particles according to <1> or <2>, wherein the reaction step is a step of
forming metal particles in a closed space.

<4> The impregnation method for metal particles according to any one of <1> to <3>, wherein the impregnation
object is a fiber material.

<5> The impregnation method for metal particles according to any one of <1> to <4>, wherein the metal particles
are of at least one type selected from a group consisting of copper particles, silver particles, palladium particles,
platinum particles, and gold particles.

<6> The impregnation method for metal particles according to any one of <1> to <5>, wherein the metal particles
have an average particle size of 1 nm to 100 nm.

<7> An antibacterial/deodorizing method that imparts an antibacterial activity and/or a deodorizing activity to the
impregnation object by the impregnation method for metal particles according to any one of <1 > to <6>.

<8> A method for manufacturing a fiber material comprising an antibacterial/deodorizing treatment step of imparting
an antibacterial activity and/or a deodorizing activity to the fiber material by the antibacterial/deodorizing method
according to <7>.

<9> The method for manufacturing a fiber material according to <8>, further comprising at least one step selected
from a group consisting of a fiber forming step, a stretching step, a spinning step, a knitting and weaving step, a
bleaching step, a sizing step, a scouring step, and a dyeing step.

<10> A metal particle impregnation device comprising: a second component solution contact mechanism that per-
forms at least one selected from a group consisting of immersing an impregnation object in a second component
solution, spraying the second component solution onto the impregnation object, and dropping the second component
solution onto the impregnation object; an electrospray sprayer that sprays droplets comprising a first component
onto the impregnation object comprising the second component; and an impregnation object feed mechanism for
moving the impregnation object comprising the second component to a spray target for the electrospray sprayer.
<11> A metal particle impregnation device comprising: an electrospray sprayer that sprays droplets comprising a
first component; an electrospray sprayer that sprays droplets comprising a second component; and a blowing
mechanism that blows metal particles formed by a reaction of the sprayed first and second components toward an
impregnation object.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the present invention, an object can be impregnated with metal particles uniformly and in a simple
manner, and the production cost of a product imparted with an antibacterial activity or a deodorizing activity can be
reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[Fig. 1]

Fig. 1(A) is a conceptual diagram representing a reaction step of spraying liquid droplets comprising a first component
onto an impregnation object with an electrospray sprayer and forming metal particles by a reaction with a second
component that is comprised in the impregnation object; Fig. 1(B) is a conceptual diagram representing a reaction
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step of spraying liquid droplets comprising a first component with an electrospray sprayer and disposing an impreg-
nation object in a reaction field in which metal particles are formed by a reaction with a second component that is
comprised in droplets sprayed by a separate electrospray sprayer, thereby impregnating the impregnation object
with the metal particles; Fig. 1 (C) is a photograph (photograph replacing the drawing) showing how the droplets
sprayed from an electrospray sprayer are focused toward a cotton yarn; and Fig. 1(D) is a conceptural diagram
representing the mode in which the droplets sprayed from an electrospray sprayer are focused toward a cotton yarn.
[Fig. 2]

Fig. 2 is a conceptual diagram representing a reaction step of spraying liquid droplets comprising a first component
with an electrospray sprayer and forming metal particles by a reaction with a second component that is comprised
in droplets sprayed by a separate electrospray sprayer, and a blowing step of blowing the formed metal particles
toward an impregnation object.

[Fig. 3]

Fig. 3(A) is a conceptual diagram representing a reaction step of forming metal particles in a closed space and
impregnating the impregnation object therewith; and Fig. 3(B) is a conceptual diagram representing a reaction step
of forming metal particles in a closed space and a blowing step of blowing the formed metal particles from the
opening of the closed space toward the impregnation object.

[Fig. 4]

Fig. 4(A) is a conceptual diagram representing a mode in which the reaction step is performed continuously after
the impregnation object has been immersed in the second component solution as a reaction preparation step; Fig.
4(B) is a conceptual diagram representing a mode in which the reaction step is performed continuously after the
second component solution has been sprayed onto the impregnation object as a reaction preparation step; and Fig.
4(C) is a conceptual diagram representing a mode in which the reaction step is performed continuously after the
second component solution has been dropped onto the impregnation object as a reaction preparation step.

[Fig. 5]

Fig. 5 is a conceptual diagram of the device used in Example 1.

[Fig. 6]

Figs. 6 are scanning electron micrographs of a cotton cloth impregnated with metallic silver particles in Example 1:
Fig. 6(A) is a photo obtained under a magnification of 1000; and Fig. 6(B) is a photo obtained under a magnification
of 3000 (photos replacing the drawings).

[Fig. 7]

Figs. 7 are mapping images of Ag obtained by EDAX of a cotton cloth impregnated with metallic silver particles in
Example 1: Fig. 7(A) is an original image; and Fig. 7(B) is an Ag mapping image (photos replacing the drawings).

[Fig. 8]

Fig. 8(A)is a conceptual diagram of the device used in Example 2; and Fig. 8(B) is a bird’s-eye view of the electrospray
sprayer portion of the device used in Example 2.

[Fig. 9]

Fig. 9 is a conceptual diagram of a device for washing a cotton yarn with water.

[Fig. 10]

Fig. 10(A) are photos (photos replacing the drawings) showing a cotton yarn before impregnation with metallic silver
particles (left side) and the cotton yarn impregnated with metallic silver particles in Example 2 (right side); and Fig.
10(B) is a scanning electron micrograph (photo replacing the drawing) of the cotton yarn impregnated with metallic
silver particles in Example 2.

[Fig. 11]

Fig. 11 is a conceptual diagram illustrating how a cotton yarn successively passes through a tank filled with an
electrolyte solution, a dyeing treatment step, a functional material addition (antibacterial/deodorizing treatment) step,
a sizing treatment step and a heating and drying device.

[Fig. 12]

Fig. 12 is a graph representing the relationship between the feed rate of a cotton yarn and the impregnated amount
of metallic silver particles.

DESCRIPTION OF EMBODIMENTS

[0013] The impregnation method for metal particles, antibacterial/deodorizing method, method for manufacturing a
fiber material, and metal particle impregnation device, which are the embodiments of the present invention, are explained
hereinbelow in detail by referring to specific examples, but they are not limited to the contents described hereinbelow
and can be changed, as appropriate, provided that they do not depart from the essence according to the presentinvention.
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<Ilmpregnation method for metal particles>

[0014] The impregnation method for metal particles which is an aspect of the present invention is characterized in
comprising a reaction step of spraying liquid droplets comprising a first component onto an impregnation object with an
electrospray sprayer and forming metal particles by a reaction with a second component that is comprised in the im-
pregnation object and/or comprised in droplets sprayed by a separate electrospray sprayer (this aspect can be referred
to hereinbelow in abbreviated form as "impregnation method 1 ").

[0015] One more impregnation method for metal particles which is an aspect of the present invention is characterized
in comprising a reaction step of spraying liquid droplets comprising a first component with an electrospray sprayer and
forming metal particles by a reaction with a second component that is comprised in droplets sprayed by a separate
electrospray sprayer; and a blowing step of blowing the metal particles formed in the reaction step toward an impregnation
object (this aspect can be referred to hereinbelow in abbreviated form as "impregnation method 2").

[0016] The inventors have conducted a comprehensive research of impregnation methods for metal particles, such
as silver and gold particles, that can be used in the process for manufacturing an industrial product. The results obtained
have demonstrated that an object can be impregnated with metal particles uniformly and in a simple manner by forming
the metal particles by spraying droplets comprising a metal ion or a reducing agent with an electrospray sprayer. The
"electrospray sprayer" is a spraying device that uses a phenomenon in which a liquid is sprayed in the form of charged
droplets toward a counter electrode as a result of applying a high voltage between a nozzle filled with the liquid and the
counter electrode, and because very small charged droplets are sprayed, a state with dispersed metal particles or a
starting material thereof can be produced. As a result, the object can be uniformly impregnated with the metal particles.
Further, since the metal particles are formed by spraying, the method is simpler than the methods using immersion and
coating.

[0017] In the present invention, the specific structure of the "electrospray sprayer"” is not particularly limited, provided
that it is a spraying device using the electrospray phenomenon, but the electrospray sprayer is usually equipped at least
with a nozzle for defining the spraying direction, and a power source (voltage-controlled device; comprises an electrode,
a conductive wire, etc., connecting the nozzle and impregnation object (or the nozzle of a separate electrospray sprayer))
for generating an electric field (when two or more electrospray sprayers are used, the electrospray sprayers may share
a power source, or each of the electrospray sprayers may not be equipped with an individual power source). The nozzle
itself is fabricated from an electrically conductive material, or an electrode (for example, a platinum wire) is disposed in
the nozzle, and the arrangement is such that an electric field is generated by connection to the power source (voltage-
controlled device, etc.) and application of a voltage.

[0018] As for the "first component" and "second component”, one of them means a metal ion and the other means a
reducing agent. Thus, when the "first component" is a metal ion, the "second component" means a reducing agent, and
when the "first component" is a reducing agent, the "second component" means a metal ion.

(Impregnation method 1)

[0019] Theimpregnation method 1is characterized by comprising a reaction step of spraying liquid droplets comprising
a first component onto an impregnation object with an electrospray sprayer and forming metal particles by a reaction
with a second component that is comprised in the impregnation object and/or comprised in droplets sprayed by a separate
electrospray sprayer. Figs. 1(A) and 1(B) show conceptual diagrams representing specific examples of a state in which
droplets are sprayed onto an impregnation object with an electrospray sprayer.

[0020] For example, in the configuration depicted in Fig. 1(A), an impregnation object 101 comprises the second
component, and droplets 103 sprayed by an electrospray sprayer 102 comprise the first component. In this arrangement,
the sprayed droplets 103 reach the impregnation object 101, the first component and second component react with each
otheron the surface of the impregnation object 101, metal particles are formed, and the impregnation objectis impregnated
therewith (the impregnation object 101 and the electrospray sprayer 102 are connected through electrodes, conductive
wire, and power source, etc.). Specific spraying conditions of the electrospray sprayer are not particularly limited, but it
is usually preferred that an electric field be generated between the impregnation object 101 and the electrospray sprayer
102. The electric field between the impregnation object and electrospray sprayer can be generated by using, for example,
an electric power source and setting the electrospray sprayer side to a positive potential and setting the impregnation
object side to 0 kV or a negative potential, or by setting the electrospray sprayer side to a negative potential and setting
the impregnation object side to 0 kV or a positive potential. Further, since a potential gradient may be created between
the impregnation object and the electrospray sprayer, the electric field can be generated, for example, also when (potential
of electrospray sprayer) > (potential of impregnation object) > 0, or when 0 V > (potential of impregnation object) >
(potential of electrospray sprayer). Since the generated charged droplets 103 are drawn (focused) by such electric field
to the impregnation object 101, as depicted in Figs. 1(C) and 1(D), the metal particles can be formed with good efficiency.
[0021] Meanwhile, in the configuration depicted in Fig. 1(B), the droplets 103 sprayed by the electrospray sprayer 102
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comprise the first component, and droplets 105 sprayed by a separate electrospray sprayer 104 comprise the second
component. In such an arrangement, the droplets 103 and the droplets 105 are drawn to each other by electrostatic
attraction forces, collide, and merge, thereby causing the reaction of the first component and second component in the
vicinity of the impregnation object 101 and the formation and impregnation of metal particles (the electrospray sprayer
102 and the separate electrospray sprayer 104 are connected through electrodes, conductive wire, and power source).
Specific spraying conditions of the electrospray sprayers are not particularly limited, but it is usually preferred that an
electric field be generated between the electrospray sprayer 102 and the separate electrospray sprayer 104. The electric
field between the electrospray sprayer 102 and the separate electrospray sprayer 104 can be generated by using, for
example, an electric power source and setting the electrospray sprayer 102 side to a positive potential and setting the
electrospray sprayer 104 side to 0 kV or a negative potential, or by setting the electrospray sprayer 102 side to a negative
potential and setting the electrospray sprayer 104 side to O kV or a positive potential. Further, as long as there is a
potential gradient between the electrospray sprayer 102 and the separate electrospray sprayer 104, the electric field
can be generated, for example, also when (potential of the electrospray sprayer 101) > (potential of the separate elec-
trospray sprayer 104) >0, orwhen 0 V > (potential of the separate electrospray sprayer 104) > (potential of the electrospray
sprayer 101). The droplets 103 and the droplets 105 are drawn to each other by such an electric field, and the metal
particles can be efficiently formed.

[0022] The impregnation method 1 may comprise steps other than the above-mentioned reaction step. For example,
a reaction preparation step can be comprised in which the second component is comprised in the impregnation object
to induce the reaction with the first component contained in the droplets.

[0023] A method for comprising the second component into the impregnation object in the reaction preparation step
is not particularly limited, and suitable examples thereof comprise a method of immersing the impregnation object into
a solution in which the second component is dissolved in a solvent (can be referred to hereinbelow in abbreviated form
as "second component solution"), a method of spraying a second component solution onto the impregnation object, and
a method of dropping the second component solution onto the impregnation object.

[0024] The solvent to be used for dissolving the second component needs to be selected, as appropriate, according
to the type of the second component. From the standpoint of cost, water is usually used. Examples of solvents that can
be used in addition to water comprise protic polar solvents such as methanol, ethanol, 1-propyl alcohol, 2-propyl alcohol,
butanol, acetic acid, and formic acid; aprotic polar solvents such as acetone, methyl ethyl ketone, acetonitrile, N,N-
dimethylformamide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, and dimethyl sulfoxide; and nonpolar solvents
such as hexane, cyclohexane, cyclohexanone, dichloromethane, dichloroethane, trichloroethane, chloroform, trichlo-
roethylene, benzene, ethylbenzene, xylene, toluene, diethyl ether, 1,4-dioxane, methyl acetate, ethyl acetate, tetrahy-
drofuran, and methylene chloride. Those solvents may be used not only individually, but also in combinations of two or
more thereof.

[0025] The concentration of the second component solution is usually 0.001% by mass or more, preferably 0.01% by
mass or more, more preferably 0.1 % by mass or more, and usually 20.0% by mass or less, preferably 15.0% by mass
or less, more preferably 10.0 mass% or less.

[0026] The content of the second component solution comprised in the impregnation object (mass of the second
component solution in 100% by mass of the impregnation object) is usually 300% by mass or more, preferably 400%
by mass or more, more preferably 500% by mass or more, and usually 1000% by mass or less, preferably 850% by
mass or less, more preferably 700% by mass or less.

[0027] When the impregnation object is an insulator such as a fiber material, the electric field is difficult to generate
between the impregnation object and the electrospray sprayer. The inventors have discovered that by comprising the
second component solution, it is possible to generate an electric field between the impregnation object and the electro-
spray sprayer and to form metal particles with good efficiency even when the impregnation object is an insulator such
as a fiber material. This is because the second component typically acts as an electrolyte.

(Impregnation method 2)

[0028] Theimpregnation method 2 is characterized by comprising a reaction step of spraying liquid droplets comprising
a first component with an electrospray sprayer and forming metal particles by a reaction with a second component that
is comprised in droplets sprayed by a separate electrospray sprayer; and a blowing step of blowing the metal particles
formed in the reaction step toward an impregnation object. Fig. 2 shows a conceptual diagram representing a specific
example of a state in which droplets are sprayed by the electrospray sprayer and the formed metal particles are blown
toward the impregnation object.

[0029] For example, in the configuration depicted in Fig. 2, droplets 203 sprayed by an electrospray sprayer 202
comprise the first component, and droplets 205 sprayed by a separate electrospray sprayer 204 comprise the second
component. In such an arrangement, the droplets 203 and the droplets 205 are drawn to each other by electrostatic
attraction forces, collide, and merge, thereby causing the reaction of the first component and the first component, and
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the formation of metal particles. The metal particles are blown with the gas from a blowing nozzle 208 toward an
impregnation object 201 and impregnated therein. Specific spraying conditions of the electrospray sprayers are not
particularly limited, but it is usually preferred that an electric field be generated between the electrospray sprayer 202
and the separate electrospray sprayer 204. The droplets 203 and the droplets 205 are drawn to each other by such an
electric field, and the metal particles can be efficiently formed.

[0030] Theimpregnation method 2 is characterized by comprising a blowing step of blowing the metal particles formed
in the reaction step toward an impregnation object, but the blowing method, type of blowing gas, and flow rate of blowing
gas in the blowing step, etc. are not particularly limited. A method of connecting a pipe to a compressor, a high-pressure
cylinder, or the like to supply the blowing gas can be used as the blowing method. Air, nitrogen gas, oxygen gas and
nitrogen-oxygen mixed gas, etc. can be used as the blowing gas.

[0031] The flow rate of the blowing gas is usually 5 L/min or more, preferably 7 L/min or more, and more preferably 8
L/min or more, and usually 20 L/min or less, preferably 15 L/min or less, and more preferably 12 L/min or less.

[0032] Further, the reaction step and blowing step may be separate in time, that is, the blowing step may be performed
after the completion of the reaction step, or the reaction step and the blowing step may be performed in parallel at the
same time.

[0033] The diameter of the spraying port of the nozzle of the electrospray sprayer in the impregnation methods 1 and
2 is usually 0.03 mm or more, preferably 0.05 mm or more, more preferably 0.1 mm or more, and usually 1.0 mm or
less, preferably 0.5 mm or less, more preferably 0.3 mm or less. Where the diameter is within those ranges, the metal
particles can be formed with good efficiency.

[0034] The impregnation method 1 is characterized in that the droplets comprising the first component are sprayed
toward the impregnation object by the electrospray sprayer, but it is not always necessary that the impregnation object
be present on the spraying direction of the electrospray sprayer. Thus, the impregnation object is preferably present in
a range within 45°, more preferably in a range within 30° from the spraying direction of the nozzle of the electrospray
sprayer. Within those ranges, the metal particles can be formed with good efficiency.

[0035] The spraying directions of the electrospray sprayer and separate electrospray sprayer in the impregnation
methods 1 and 2 are not necessarily present on a straight line. However, the deviation of the spraying directions of the
electrospray sprayer and separate electrospray sprayer is preferably present in a range within 45°, more preferably in
a range within 30°. Within those ranges, the metal particles can be formed with good efficiency.

[0036] The distance between the electrospray sprayer and the impregnation object in the impregnation method 1 (the
shortestdistance between the nozzle tip of the electrospray sprayer and the impregnation object; denoted by the reference
numeral 106 in Fig. 1) is usually 5 mm or more, preferably 7 mm or more, more preferably 10 mm or more, and usually
40 mm or less, preferably 30 mm or less, and more preferably 20 mm or less. Within those ranges, the metal particles
can be formed with good efficiency.

[0037] The distance between the electrospray sprayer and the separate electrospray sprayer in the impregnation
methods 1 and 2 (the shortest distance between the nozzle tips of the electrospray sprayer and the separate electrospray
sprayer; denoted by the reference numeral 107 in Fig. 1) is usually 10 mm or more, preferably 14 mm or more, more
preferably 20 mm or more, and usually 80 mm or less, preferably 60 mm or less, and more preferably 40 mm or less.
Within those ranges, the metal particles can be formed with good efficiency.

[0038] The applied voltage in the impregnation methods 1 and 2 is usually 5.5 kV or more, preferably 6 kV or more,
more preferably 7 kV or more, and usually 16 kV or less, preferably 15 kV or less, and more preferably 12 kV or less.
[0039] Further, the electric potential applied to the electrospray sprayer when generating an electric field between the
impregnation object and the electrospray sprayer is usually a positive potential, and this potential, when ground taken
as a reference potential, is usually +2.0 kV or more, preferably +3.0 kV or more, more preferably +4.5 kV or more, and
usually +10.0 kV or less, preferably +8 kV or less, even more preferably +7 kV or less. Meanwhile, the electric potential
applied to the impregnation object is usually a negative potential, and this potential, in the case of ground taken as a
reference potential, is usually -5 kV or more, preferably -4 kV or more, more preferably -3.5 kV or more, and usually -0.5
kV or less, preferably -1 kV or less, even more preferably -2 kV or less.

[0040] Within those ranges, the metal particles can be formed with good efficiency.

[0041] The sprayed amount of the droplets in the impregnation methods 1 and 2 is usually 3 pL/min or more, preferably
5 wL/min or more, more preferably 7 pwL/min or more, and usually 50 pL/min or less, preferably 30 wL/min or less, more
preferably 20 pL/min or less. Within those ranges, the metal particles can be formed with good efficiency.

[0042] Other conditions of the reaction step in the impregnation methods 1 and 2 are not particularly limited, but it is
preferred that the metal particles be formed in a closed space. The "closed space" referred to herein means a space
surrounded by walls, as the inner space of a box, and it is not necessarily a perfectly closed space. For example, an
inner space 310 of a container 309 in Figs. 3(A) and 3(B) corresponds to the "closed space". The nozzle tips of an
electrospray sprayer 302 and a separate electrospray sprayer 304 in Figs. 3(A) and 3(B) are disposed in the inner space
310 ofthe container 309, and the sprayed droplets 303 and droplets 305 are drawn to each other by electrostatic attraction
forces, collide, and merge, thereby forming the metal particles inside the space 310. In Fig. 3(B), two openings 311 are
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provided in the direction perpendicular to the direction in which the two electrospray sprayers are arranged, an impreg-
nation object 301 is disposed in front of the one opening, and a gas is blown from a blowing nozzle 308 through the
other opening 311, thereby enabling more efficient blowing of the gas onto the impregnation object. Where the metal
particles are thus formed in the closed space, the metal particles or starting materials for forming the metal particles are
prevented from scattering, and the metal particles can be impregnated with better efficiency.

(Metal particles)

[0043] The types of the metal (element) which is formed and impregnated in the impregnation methods 1 and 2 is not
particularly limited, but nobble metals with an ionization tendency less than that of hydrogen are preferred. More spe-
cifically, copper, silver, palladium, platinum, and gold are more preferred.

[0044] Physical properties such as the size of the metal particles formed and impregnated in the impregnation methods
1 and 2 are not particularly limited, but metal nanoparticles are particularly useful for impregnation in the impregnation
methods 1 and 2. The specific average particle size is usually 100 nm or less, preferably 70 nm or less, more preferably
50 nm or less, and usually 1 nm or more, preferably 2 nm or more, and more preferably 3 nm or more. The average
particle size of the metal particles specifically means a volume-average particle size and can be measured, for example,
by electron microscopy or a dynamic light scattering method.

(First component and second component)

[0045] As mentioned hereinabove, one of the "first component" and "second component" means a metal ion and the
other means a reducing agent.

[0046] The types of the metal ion needs to be selected, as appropriate, according to the type of the metal particles
which are to be impregnated. Examples of starting materials serving as a metal ion source comprise ligand complexes,
metal salts, and hydrates thereof. Specific examples comprise silver nitrate (AgNO3), tetrachloroauric (111) acid (HAuCly),
hexachloroplatinic acid (H,PtClg), and copper (II) chloride (CuCl,).

[0047] Meanwhile, the types of the reducing agent are not particularly limited, provided that the agent can reduce the
metal ion which is to be used. Specific examples comprise inorganic reducing agents such as sodium borohydride,
lithium aluminum hydride, sulfites, and nitrites, and organic reducing agents such as hydrazine, ascorbic acid and salts
thereof, and oxalic acid and salts thereof.

[0048] A solventwhich is to be used for dissolving the first component and/or second component needs to be selected,
as appropriate, according to the type of the component, but from the standpoint of cost, water is usually used. Examples
of solvents that can be used in addition to water comprise protic polar solvents such as methanol, ethanol, 1-propyl
alcohol, 2-propyl alcohol, butanol, acetic acid, and formic acid; aprotic polar solvents such as acetone, methyl ethyl
ketone, acetonitrile, N,N-dimethylformamide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, and dimethyl sulfoxide;
and nonpolar solvents such as hexane, cyclohexane, cyclohexanone, dichloromethane, dichloroethane, trichloroethane,
chloroform, trichloroethylene, benzene, ethylbenzene, xylene, toluene, diethyl ether, 1,4-dioxane, methyl acetate, ethyl
acetate, tetrahydrofuran, and methylene chloride. Those solvents may be used not only individually, but also in combi-
nations of two or more thereof.

[0049] The concentration of the first component or second component comprised in the solution which is sprayed by
the electrospray sprayer is selected, as appropriate, according to the type of the component, and is usually 0.001% by
mass or more, preferably 0.01% by mass or more, more preferably 0.1% by mass or more, and usually 2.0% by mass
or less, preferably 1.5% by mass or less, more preferably 1.0 mass% or less. Within those ranges, the metal particles
can be formed with good efficiency.

(Impregnation object)

[0050] The types (types of products, materials, etc.) of the impregnation object which is the object of the impregnation
method for metal particles of the present invention are not particularly limited, and the method can be applied for
impregnating a great variety of products. Since the method is particularly suitable for impregnation with metal particles
having an antibacterial activity or a deodorizing activity, such as silver and gold, fiber materials that are strongly required
to be subjected to antibacterial/deodorizing treatment are the preferred impregnation objects. The "fiber material", as
referred tointhe presentinvention, means afibrous material comprising a polymer compound as a constituent component,
or a material obtained by bundling such fibrous material (cotton, woven fabric, nonwoven fabric, paper, etc.), and the
specific material, whether natural fibers or synthetic fibers, and form of the material are not particularly limited. Examples
of the type of the fiber material comprise plant fibers such as hemp and cotton, animal fibers such as wool and silk,
regenerated fibers such as rayon, polyamide synthetic fibers, polyester synthetic fiber, acrylic synthetic fibers, polyvinyl
alcohol synthetic fibers, polyolefin synthetic fiber, polyurethane synthetic fibers, cellulose-based semi-synthetic fibers,
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and protein-based semi-synthetic fibers. The fiber material is preferably a yarn, woven fabric, nonwoven fabric, knitted
fabric, paper, or a film.

<Antibacterial/deodorizing method>

[0051] The impregnation method for metal particles of the present invention can be widely used in a technical field
using metal particles, but disclosed herein is the use thereof as an antibacterial/deodorizing method which uses the
antibacterial activity of metals and the deodorizing activity thereof based on the suppression of multiplication of bacteria
and imparts the antibacterial activity and/or deodorizing activity to the impregnation object. The antibacterial/deodorizing
method which imparts the antibacterial activity and/or deodorizing activity to the impregnation object on the basis of the
impregnation method for metal particles of the present invention is also an aspect of the present invention.

[0052] With the impregnation method for metal particles of the present invention, the impregnation object can be
securely impregnated with metal particles. Therefore, the advantage thereof as the antibacterial/deodorizing method is
that no binder (binding agent, joining agent) is used for affixing the metal particles. Incidentally, when a binder suitable
for surface processing of fibers is used, since the exposed surface area of metallic silver particles is reduced, the effect
thereof is weakened. By contrast, since the impregnation method for metal particles of the present invention enables
the "binder-free" usage, it is possible to manufacture a fiber material with excellent antibacterial ability. Therefore, the
antibacterial/deodorizing method whichis an aspect of the presentinvention is advantageous as a method using no binder.

<Method for manufacturing fiber material>

[0053] It is indicated hereinabove that the impregnation method for metal particles of the present invention can be
used, for example, as an antibacterial/deodorizing method for imparting the antibacterial activity and/or deodorizing
activity to the impregnation object, but a method for manufacturing fiber material which comprises such antibacterial/de-
odorizing method as an antibacterial/deodorizing treatment step is also an aspect of the present invention (can be
referred to hereinbelow in abbreviated form as "manufacturing method according to the present invention"). In addition
to the abovementioned antibacterial/deodorizing treatment step, the manufacturing method of the present invention may
comprise well-known steps that are performed in the processes for manufacturing fiber materials, for example, a fiber
forming step (melt fiber forming, dry fiber forming, wet fiber forming), a stretching step, a spinning step, a knitting and
weaving step, and a scouring step. In particular, the impregnation method for metal particles of the present invention is
suitable for continuously performing the antibacterial/deodorizing treatment of a fiber material and makes it possible to
increase greatly the productivity of fiber materials when implemented continuously in combination with a fiber forming
step or the like.

[0054] Thus, the manufacturing method of the present invention preferably further comprises at least one step selected
from a group consisting of a fiber forming step, a stretching step, a spinning step, a knitting and weaving step, and a
scouring step.

[0055] The continuous treatment such as depicted in Fig. 11 is a specific mode of using the manufacturing method of
the present invention (can be referred to hereinbelow in abbreviated form as "the mode illustrated by Fig. 11") (in Fig.
11, the reference numeral 1101 stands for a fiber material before processing (for example, a cotton yarn), 1102 - a water
tank that contains an electrolyte solution, 1103 - a dyeing treatment step, 1104 - a functional material addition (antibac-
terial/deodorizing treatment) step, 1105 - a sizing treatment step, 1106 - an electrospray sprayer, and 1107 - a heating
and drying device).

[0056] The mode illustrated by Fig. 11 is a line production method in which a cotton yarn (fiber material) is moved
using a roller. The cotton yarn passes successively through the water tank that contains the electrolyte solution, dyeing
treatment step, functional material addition (antibacterial/deodorizing treatment) step, sizing treatment step, and heating
and drying device.

<Metal particle impregnation device>

[0057] The impregnation method for metal particles of the present invention, in particular the impregnation method
comprising a reaction step of spraying liquid droplets comprising a first component onto an impregnation object with an
electrospray sprayer and forming metal particles by a reaction with a second component that is comprised in the im-
pregnation object and/or comprised in droplets sprayed by a separate electrospray sprayer, enables the impregnation
of metal particles with good efficiency, and a metal particle impregnation device which can use such impregnation method
is also an aspect of the present invention (can be referred to hereinbelow in abbreviated form as "metal particle impreg-
nation device 1").

[0058] Thus, the metal particle impregnation device 1 is characterized in comprising a second component solution
contact mechanism that performs at least one selected from a group consisting of immersing an impregnation object in
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a second component solution, spraying the second component solution onto the impregnation object, and dropping the
second component solution onto the impregnation object; an electrospray sprayer that sprays droplets comprising a first
component onto the impregnation object comprising the second component; and an impregnation object feed mechanism
for moving the impregnation object comprising the second component to a spray target for the electrospray sprayer.
[0059] The impregnation method comprising: a reaction step of spraying liquid droplets comprising a first component
with an electrospray sprayer and forming metal particles by a reaction with a second component that is comprised in
droplets sprayed by a separate electrospray sprayer; and

a blowing step of blowing the metal particles formed in the reaction step toward an impregnation object also enables
the impregnation of metal particles with good efficiency, and a metal particle impregnation device which can use such
impregnation method is also an aspect of the present invention (can be referred to hereinbelow in abbreviated form as
"metal particle impregnation device 2").

[0060] Thus, the metal particle impregnation device 2 is characterized in comprising: an electrospray sprayer that
sprays droplets comprising a first component; an electrospray sprayer that sprays droplets comprising a second com-
ponent; and a blowing mechanism that blows metal particles formed by a reaction of the sprayed first and second
components toward an impregnation object.

[0061] A device to be used in the second component contact mechanism in the metal particle impregnation device 1
is not particularly limited, provided that an arrangement is obtained for performing at least one selected from a group
consisting of immersing the impregnation object into a second component solution, spraying the second component
solution onto the impregnation object, and dropping the second component solution onto the impregnation object. For
example, an arrangement in which an impregnation object 401 is immersed in an immersion liquid tank 413 into which
a second component solution 414 has been loaded, as depicted in Fig. 4(A), an arrangement in which the second
component solution 414 is sprayed onto the impregnation object 401 by using a spraying device 415, as depicted in Fig.
4(B), and an arrangement in which the second component solution 414 is dropped onto the impregnation object 401 by
using a dropping device 416, as depicted in Fig. 4(C), can be used.

[0062] A device to be used in the impregnation object feed mechanism in the metal particle impregnation device 1 is
not particularly limited, provided that an arrangement is obtained such that the impregnation object comprising the second
component can be moved to the spray target for the electrospray sprayer. For example, a roller conveyor or a belt
conveyor can be used.

[0063] A device to be used in the blowing mechanism in the metal particle impregnation device 2 is not particularly
limited, provided that an arrangement is obtained such that the metal particles formed by the reaction of the sprayed
first component and second component can be blown toward the impregnation object. For example, a device can be
used in which a gas source, such as a compressor and a high-pressure cylinder, a pipe, and a nozzle are combined.
[0064] Other features of the metal particle impregnation device 1 are not particularly limited, but it is preferred that the
device be configured such that the distance between the electrospray sprayer and the impregnation object, or the
spraying direction of the electrospray sprayer could be changed. By enabling such changes, it is possible to adapt the
device to various conditions.

[0065] Other features of the metal particle impregnation device 2 are not particularly limited, but it is preferred that the
device be configured such that the distance between the electrospray sprayers, or the spraying direction of the electro-
spray sprayers could be changed. By enabling such changes, it is possible to adapt the device to various conditions.
[0066] It is also preferred that a power source (voltage-controlled device) that generates an electric field in the elec-
trospray sprayer have a variable application voltage. Where the application voltage can be changed, it is possible to
adapt the device to various conditions.

EXAMPLES

[0067] The presentinvention will be explained hereinbelow in greater detail on the basis of examples and comparative
examples, but the present invention can be changed, as appropriate, without departing from the spirit thereof. Therefore,
the scope of the invention should not be interpreted as being limited to the below-described specific examples.

<Example 1>

[0068] An attached white cloth (material: cotton; size for JIS L 0803 color fastness test is 10 cm X 10 cm) and two
electrospray sprayers were arranged as shown in the conceptual diagram depicted in Fig. 5 (in Fig. 5, the reference
numeral 501 stands for a cotton cloth, 502 - a nozzle of an electrospray sprayer, 503 - sprayed silver nitrate solution,
504 - a nozzle of an electrospray sprayer, 505 - sprayed ascorbic acid solution, 508 - a blowing nozzle, and 509 - an
acrylic hood). Glass capillaries (opening diameter: 0.1 mm) with an electrode attached to the tip thereof were used as
nozzles in the two electrospray sprayers, and the nozzle tips were arranged in the acrylic hood surrounding the respective
spraying regions and fixed such as to face each other (the distance between the nozzles of the two electrospray sprayers:
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40 mm). A silver nitrate solution (silver ion concentration: 0.1 mol/L, solvent: ethanol/water = 4/1 (volume ratio)) was
loaded in one electrospray sprayer, and an ascorbic acid solution (ascorbic acid concentration: 0.1 mol/L, solvent:
ethanol/water = 4/1 (volume ratio)) was loaded in the other electrospray sprayer. The acrylic hood was provided with
two openings in the direction perpendicular to the arrangement direction of the two electrospray sprayers, an attached
white cloth was disposed in front of the one opening, and a gas was blown from the other opening, thereby blowing the
gas onto the attached white cloth.

[0069] A potential of +7.0 kV was applied to the electrode of the nozzle of the electrospray sprayer filled with the silver
nitrate solution, a potential of -2.8 kV (reference potential: ground) was applied to the electrode of the nozzle of the
electrospray sprayer filled with the ascorbic acid solution, nitrogen gas was blown at a rate of 2.0 L/min from the opening
in the acrylic hood, and the spraying of the silver nitrate solution and ascorbic acid solution and the blowing of the nitrogen
gas onto the attached white cloth were performed simultaneously for 3 min.

[0070] Atfter the spraying and blowing, the attached white cloth was recovered, dried and then qualitatively analyzed
by characteristic X-ray analysis and texture observations under a scanning electron microscope. The results have
confirmed that metallic silver particle have been formed on the surface of the cotton yarn constituting the attached white
cloth (see Figs. 6 and 7).

[0071] Itis clear that an attached white cloth can be impregnated with metallic silver particles by forming the metallic
silver particles by spraying droplets comprising silver nitrate and droplets comprising ascorbic acid from respective
electrospray sprayers and then blowing the metallic silver particles toward the attached white cloth which is the impreg-
nation object.

[0072] With such an arrangement, droplets bearing a positive charge are sprayed from the nozzle 502 of one electro-
spray sprayer and droplets bearing a negative charge are sprayed from the nozzle 504 of the other electrospray sprayer.
An electric field is formed between the nozzle 502 and the nozzle 504, and the charged droplets are moved along the
electric field such that the positively charged droplets move from a high-potential side to a low-potential side, whereas
the negatively charged droplets move from a low-potential side to a high-potential side. In the ground point between the
two nozzles, the positively charged droplets and negatively charged droplets collide and chemical components thereof
react with each other. After the collision, the droplets become electrically neutral. Where the nitrogen gas is blown from
the blowing nozzle 508, the positively and negatively charged droplets move, while colliding, to the impregnation object
501 and are uniformly applied thereto. Another advantage of such blowing is that it increases the collision probability of
the positively charged droplets and negatively charged droplets, thereby increasing the reaction efficiency.

<Example 2>

[0073] The lower end of a cotton yarn (material: cotton, thickness: No. 4 single yarn) with a total length of 2 m or more
which was manufactured by ASAHIBO CO. LTD. was fixed to a winding roll, and the cotton yarn, electrospray sprayer,
and immersion liquid tank were disposed as shown in the conceptual diagram in Fig. 8 (in Fig. 8(A) or 8(B), the reference
numeral 801 stands for a cotton yarn, 802 - a nozzle of an electrospray sprayer, 803 - a sprayed silver nitrate solution,
804 - an ascorbic acid solution, 805 - an immersion liquid tank, 806 - a roller, 807 - electrodes for voltage application,
and 808 - a winding roll). A stainless steel nozzle with an opening diameter of the spraying port of 0.1 mm was used for
the electrospray sprayer. The cotton yarn was then positioned on the spraying direction (horizontal direction) of the
nozzle, and the nozzle tip and cotton yarn were fixed such that the shortest distance therebetween was 20 mm. The
electrospray sprayer was loaded with a silver nitrate solution (silver ion concentration: 0.1 mol/L, solvent: ethanol/water
= 4/1 (volume ratio)).

[0074] An ascorbic acid solution (ascorbic acid concentration: 0.1 mol/L, solvent: ethanol/water = 4/1 (volume ratio))
was loaded into the immersion liquid tank. The cotton yarn was immersed for about 2 sec into the ascorbic acid solution,
and the cotton yarn was then wound such as to move to the spray target for the electrospray sprayer at a rate of 1 m/min
(the content of the ascorbic acid solution on the cotton yarn: 400% by mass).

[0075] The silver nitrate solution was sprayed from the electrospray sprayer toward the cotton yarn which has passed
through the ascorbic acid solution. The spraying was performed by applying +6.0 kV to the nozzle electrode and -3.0
kV to the cotton yarn (reference potential: ground).

[0076] The cotton yarn subjected to spraying was recovered, washed with water (conditions: 12 yards of the cotton
yarn was picked up and then washed with water while introducing into a pot of a dyeing testing device and rotating
therein; cotton yarn : water = 1 : 20) in the device depicted in Fig. 9 and dried (conditions: constant-temperature drying
at60°C) (in Fig. 9, the reference numeral 921 stands for a processed yarn, 922 - a cotton yarn (for bath ratio adjustment),
923 - a pot, 924 - a sample fixing fixture, 925 - washing water, and 926 - hot solution (ethylene glycol)).

[0077] The photographs of the cotton yarn taken before and after the spraying are shown in Fig. 10(A), and the scanning
electron micrograph of the cotton yarn taken after the spraying is shown in Fig. 10(B). Itis clear that by the impregnation
with metallic silver particles, the cotton yarn is colored black. Further, silver was eluted from the cotton yarn with 1N
nitric acid, and the eluate was measured with an atomic absorption spectrometer. Silver ions were detected and it was
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confirmed that metallic silver was formed on the cotton yarn surface.

[0078] Thus, itis clear that as a result of spraying droplets comprising silver nitrate with an electrospray sprayer, a
reaction is induced with ascorbic acid comprised in the cotton yarn which is the impregnation object, metallic silver
particles are formed, and the cotton yarn is impregnated therewith.

<Ilmpregnation capacity evaluation test for metallic silver particles>

[0079] Cotton yarns impregnated with metallic silver particles were prepared by the same method as in Example 2,
except that the feed rate (winding rate) of the cotton yarn was changed, and the impregnated amount of the metallic
silver particles was measured before and after washing with water. The impregnated amount of the metallic silver particles
was determined by eluting silver with nitric acid and measuring the amount of silver ions in the solution with an atomic
absorption spectrometer in the same manner as in Example 2. Fig. 12 shows the graph representing the relationship
between the feed rate of the cotton yarn and the impregnated amount of the metallic silver particles. The impregnated
amount of the metallic silver particles tends to decrease with the increase in the feed rate of the cotton yarn, but since
the difference between the impregnated amount of the metallic silver particles before and after washing with water
decreases, it can be supposed that the impregnation with excess metallic silver particles which can easily fall from the
yarn is suppressed and that securely impregnated metallic silver particles are selectively formed. Further, it is clear that
by using the impregnation method for metal particles of the presentinvention itis possible to impregnate the impregnation
object securely with the metallic silver particles, without using a binder (binding agent, joining agent). For example, when
a binder suitable for surface processing of fibers is used, since the exposed surface area of the substance to be affixed,
such as metallic silver particles, decreases, the effect thereof is weakened. By contrast, since the impregnation method
for metal particles of the present invention enables the "binder-free" application, it is possible to manufacture a fiber
material with excellent antibacterial ability.

<Antibacterial ability evaluation test>

[0080] The antibacterial ability of the cotton yarn impregnated with metallic silver particles of Example 2 was evaluated.
The antibacterial ability was evaluated by a method conforming to JIS L1902 (Antibacterial ability test method for fiber
products and antibacterial effect). Staphylococcus aureus IFO12732 was used as bacteria.

[0081] More specifically, the cotton yarn, 0.15 g, was placed in a vial, and a test bacterial solution, 0.2 ml, was inoculated
and cultured for 18 h at 35°C. The bacteria were then washed out from the cotton yarn by adding sterile water, 10 ml,
the number of bacteria in the washout solution was measured by an emission measurement method (ATP method), and
the bacteriostatic activity value and bactericidal activity value were calculated by the following formulas:

bacteriostatic activity value = {log (standard yarn, number of viable bacteria after
culturing) - log (standard yarn, number of viable bacteria immediately after
inoculation)} — {log (processed yarn, number of viable bacteria after culturing) - log
(processed yarn, number of viable bacteria immediately after inoculation)};

bactericidal activity value = log (standard yarn, number of viable bacteria
immediately after inoculation) - log (processed yarn, number of viable bacteria after

culturing).

[0082] The bacteriostatic activity value is the logarithmic representation of a value obtained by dividing the number of
viable bacteria in the standard yarn after culturing for 18 h by the number of viable bacteria in the processed yarn after
culturing for 18 h. Where the bacteriostatic activity value is 2.0 or more, it is assumed that the antibacterial/deodorizing
effect is demonstrated. The bactericidal activity value is the logarithmic representation of a value obtained by dividing
the number of viable bacteria in the standard yarn immediately after the inoculation by the number of viable bacteria in
the processed yarn after culturing for 18 h. Where the bactericidal activity value is 0 or more, it is assumed that the
antibacterial effect is demonstrated.

[0083] The results are shown in Table 1. The results obtained with the cotton yarn for which the feed rate (winding
rate) of the cotton yarn was changed from 1 m/min to 2 m/min (Example 3) and for the standard cotton yarn that has
not been impregnated with the metallic silver particles (Comparative Example 1) are also shown in Table 1.
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[0084] The results clearly indicate that the cotton yarn impregnated with the metallic silver particles excels in antibac-

terial ability.
Table 1
Number of _wable [CFU/mI]
Feed rate of bacteria Bacteriostatic Bactericidal
cotton yarn activity value activity value
_ Numberof = ¢ r18h
inoculated bacteria
Example 2 1 m/min 3.1x10° 0.9x10% 2.07 0.72
Example 3 2 m/min 3.1x10° 0.38x10% 2.26 0.91
Comparative Standard 3.1%105 6.9%106
Example 1 cotton yarn

INDUSTRIAL APPLICABILITY

[0085] Theimpregnation method for metal particles of the presentinvention enables efficientimpregnation, forexample,
with silver particles or gold particles exhibiting an antibacterial activity and/or a deodorizing activity. Therefore, the method
can be used for antibacterial/deodorizing treatment.

REFERENCE SIGHS LIST

[0086]

101 Impregnation object
102 Nozzle of electrospray sprayer
103 Sprayed droplets
104 Nozzle of separate electrospray sprayer
105 Sprayed droplets
106 Distance between nozzle of electrospray sprayer and impregnation object
107 Distance between nozzles of two electrospray sprayers
201 Impregnation object
202 Nozzle of electrospray sprayer
203 Sprayed droplets
204 Nozzle of separate electrospray sprayer
205 Sprayed droplets
207 Distance between nozzles of two electrospray sprayers
208 Blowing nozzle

301 Impregnation object
302 Nozzle of electrospray sprayer
303 Sprayed droplets
304 Nozzle of separate electrospray sprayer
305 Sprayed droplets
308 Blowing nozzle

309 Container

310 Closed space

31 Opening

401 Impregnation object
402 Nozzle of electrospray sprayer
403 Sprayed droplets

412 Roller

413 Impregnation liquid tank

414 Second component solution
415 Spraying device that sprays second component solution
416 Dropping device
501 Cotton cloth

13



10

15

20

25

30

35

40

45

50

55

502
503
504
505
508
509
801
802
803
804
805
806
807
808
921
922
923
924
925
926
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Nozzle of electrospray sprayer
Sprayed silver nitrate solution
Nozzle of electrospray sprayer
Sprayed ascorbic acid solution
Blowing nozzle

Acrylic hood

Cotton yarn

Nozzle of electrospray sprayer
Sprayed silver nitrate solution
Ascorbic acid solution
Immersion liquid tank

Roller

Electrode for voltage application
Winding roll

Processed yarn

Cotton yarn (for bath ratio adjustment)
Pot

Sample fixing fixture

Water for washing

Hot solution (ethylene glycol)

1101  Fiber material before processing

1102  Water tank containing electrolyte solution
1103 Dyeing treatment step

1104  Antibacterial/deodorizing treatment step
1105  Sizing step

1106  Electrospray sprayer

1107 Heating and drying device

Claims

An impregnation method for metal particles, comprising a reaction step of spraying liquid droplets comprising a first
component onto an impregnation object with an electrospray sprayer and forming metal particles by a reaction with
asecond component that is comprised in the impregnation object and/or comprised in droplets sprayed by a separate
electrospray sprayer.

An impregnation method for metal particles, comprising:

a reaction step of spraying liquid droplets comprising a first component with an electrospray sprayer and forming
metal particles by a reaction with a second component that is comprised in droplets sprayed by a separate
electrospray sprayer; and

a blowing step of blowing the metal particles formed in the reaction step toward an impregnation object.

The impregnation method for metal particles according to claim 1 or 2, wherein the reaction step is a step of forming
metal particles in a closed space.

The impregnation method for metal particles according to any one of claims 1 to 3, wherein the impregnation object
is a fiber material.

The impregnation method for metal particles according to any one of claims 1 to 4, wherein the metal particles are
of at least one type selected from a group consisting of copper particles, silver particles, palladium particles, platinum

particles, and gold particles.

The impregnation method for metal particles according to any one of claims 1 to 5, wherein the metal particles have
an average particle size of 1 nm to 100 nm.

An antibacterial/deodorizing method that imparts an antibacterial activity and/or a deodorizing activity to the impreg-
nation object by the impregnation method for metal particles according to any one of claims 1 to 6.
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A method for manufacturing a fiber material, comprising an antibacterial/deodorizing treatment step of imparting
an antibacterial activity and/or a deodorizing activity to the fiber material by the antibacterial/deodorizing method
according to claim 7.

The method for manufacturing a fiber material according to claim 8, further comprising at least one step selected
from a group consisting of a fiber forming step, a stretching step, a spinning step, a knitting and weaving step, a
bleaching step, a sizing step, a scouring step, and a dyeing step.

A metal particle impregnation device comprising: a second component solution contact mechanism that performs
at least one selected from a group consisting of immersing an impregnation object in a second component solution,
spraying the second component solution onto the impregnation object, and dropping the second component solution
onto the impregnation object; an electrospray sprayer that sprays droplets comprising a first component onto the
impregnation object comprising the second component; and an impregnation object feed mechanism for moving
the impregnation object comprising the second component to a spray target for the electrospray sprayer.

A metal particle impregnation device comprising: an electrospray sprayer that sprays droplets comprising a first
component; an electrospray sprayer that sprays droplets comprising a second component; and a blowing mechanism
that blows metal particles formed by a reaction of the sprayed first and second components toward an impregnation
object.
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Fig.4 (A)
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Fig.9
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Fig.10 (A) Fig.10(B)
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