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The purpose of the present invention is to provide a photo 
catalytic fiber which excels in durability, and decomposition 
ability against harmful components and can be mass-pro 
duced at low cost, a fabric using the fiber, and a fabric 
product using the fabric. The photocatalytic fiber of the 
present invention contains a photocatalyst being attached to 
the fiber. The fiber is preferably having an aspect of forming 
a thread to which the photocatalyst being attached by 
spinning after dipping the fiber in a solution at least con 
taining the photocatalyst, an aspect of forming the thread to 
which the photocatalyst being attached by dipping the fiber 
in the Solution containing at least the photocatalyst after 
spinning, and an aspect wherein the photocatalyst is a 
photocatalytic apatite. The fabric of the present invention is 
characterized by using the photocatalytic fiber. The fabric 
product of the present invention is characterized by using the 
fabric. 
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FIG. 3 
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PHOTOCATALYTIC FIBER AND FABRIC USING 
THEREOF, AND FABRIC PRODUCT USING THE 

FABRIC 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefits of the priority from the prior Japanese Patent 
Application No. 2006-090772, filed on Mar. 29, 2006, the 
entire contents of which are incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a photocatalytic 
fiber favorable for forming sanitary materials such as mask, 
medical cloth, bandage, and gauze, room decorative articles 
Such as curtain, carpet and wall paper, clothing items such as 
uniform and clothes, livingwares such as towel, sheets and 
beddings and various filters which excel in decomposition 
ability of harmful components such as harmful materials or 
disease agents contained in air, soil and water, a fabric with 
excellent photocatalytic function using the fiber, and a fabric 
product using the fabric which is capable of exhibiting 
excellent photocatalytic function for prolonged period. 
0004 2. Description of the Related Art 
0005 The sick house syndrome caused by harmful mate 

rials such as formaldehyde which are produced from build 
ing materials or adhesive bonds used for wall papers in the 
house has become an issue. As means to remove Such 
harmful materials, for example, a method, in which acti 
vated carbon or chemical absorbent is contained in the 
building materials or wall papers, has been proposed. 
0006. It may be possible for the activated carbon or 
chemical absorbent to absorb harmful materials such as 
formaldehyde to some extent, however, there is a problem 
such that the absorption ability relative to the harmful 
materials gradually fade off and/or disappear after long-term 
SC. 

0007 On the other hand, mask use has been drawing an 
attention as an effective means for protecting against infec 
tious diseases such as cold, influenza, SARS, etc. or mea 
Sures against allergies to pollen, house dust, etc. The mask 
has a filter function similar to those of gauze or nonwoven 
cloth and prevents virus or pollen from invading inside the 
body by its absorption ability and further parallel use of 
activated carbon fiber. 

0008. It is possible to physically catch disease agents 
Such as bacteria, virus, pollen, etc. in this case, however, it 
is impossible to kill or inactivate these disease agents and it 
is difficult to take preventive measures against infectious 
diseases to perfection. 
0009. In recent years, photocatalytic activity (herein 
after, may be referred to as “photocatalytic function'), which 
exhibits oxidative decomposition effect, antibacterial effect, 
antifouling effect, etc., of certain semiconductor materials, 
e.g. titanium dioxide (TiO), has been receiving attention to 
settle above issues. In general, when the semiconductor 
materials having photocatalytic activity absorb light with an 
energy corresponding to the band gap between the Valence 
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band and the conductor band, the electron present in the 
valence band transits to the conductor band. The electron 
which transited to the conductor band have characteristics of 
moving to Substances adsorbed on the Surface of the semi 
conductor material having the photocatalytic activity and, 
when substances are adsorbed on the surface of the semi 
conductor material, the Substances are reduced by the elec 
tron. Due to the transition, a hole is generated in the Valence 
band. The hole generated in the valence band have charac 
teristics of stripping the electron from the Substance 
adsorbed on the surface of the semiconductor material 
having the photocatalytic activity and, when Substances are 
adsorbed on the surface of the semiconductor material, the 
substances are oxidized as a result of the strip of the electron 
thereof by the hole. To explain the above-mentioned phe 
nomenon more specifically, taking titanium dioxide having 
particularly excellent photocatalytic activity as an example, 
when titanium dioxide absorbs light with energy equivalent 
to band gap between the Valence band and conduction band, 
an electron in the valence band of the titanium dioxide 
transits to the conduction band and the transited electron 
reduces oxygen in the air, thereby allowing generation of 
Superoxide anion (O. ). In contrast, as a result of the 
transition of the electron, a hole is generated in the Valence 
band and the generated hole allows the generation of 
hydroxy radical (OH) by oxygenating water adsorbed on 
the surface of the titanium dioxide. The resulting hydroxy 
radical is strongly oxidative, and thus when organic Sub 
stances or the like are adsorbed on the surface of the titanium 
dioxide, the organic Substances or the like are decomposed 
by the action of the hydroxy radical and finally decomposed 
to water and carbon dioxide. In this way, when the semi 
conductor materials having photocatalytic activity, Such as 
titanium dioxide, are exposed to light with an energy equiva 
lent to band gap between the Valence band and conduction 
band of the semiconductor materials, the semiconductor 
materials absorb the light and organic Substances or the like 
absorbed on the surface are decomposed. Thus, oxidative 
decomposition effect, antibacterial effect, antifouling effect, 
etc. are achieved. 

0010 Since the titanium dioxide has low absorption 
ability toward materials, it is often used simultaneously with 
the absorbent such as activated carbon, and oxidative 
decomposition effect, antibacterial effect, antifouling effect, 
etc. are exhibited by decomposing the material absorbed by 
the absorbent with the titanium dioxide. The titanium diox 
ide and absorbent are attached to the target (base material) 
Such as mask, etc. by using binders or adhesives. 

0011. However, the viruses smaller than the absorbent 
particle hardly comes in contact with the titanium oxide 
when they are absorbed by the absorbent, thereby making it 
difficult to decompose and remove all the material absorbed 
by the absorbent. Moreover, because the titanium dioxide 
decomposes organic materials as described above, organic 
materials are not usable as binders or adhesives and par 
ticular kind of binders or adhesives such as inorganic binders 
must be used. If organic binders, etc. are used, the Surface of 
photocatalyst must be coated with silica in order to avoid 
direct contact with binders or adhesives. Furthermore, when 
binders or adhesives are used, photocatalyst is buried inside 
of these binders or adhesives and the buried portion does not 
exhibit photocatalytic function, thereby degrading the pho 
tocatalytic function and possibly making it uneconomical 
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because of the wasted use of expensive photocatalyst. And 
also, binders or adhesives may impair the texture of the 
mask. 

0012 Further, a method in which a photocatalyst is 
contained in the base material by dipping the base material 
Such as mask in a photocatalytic solution without a use of 
binders, etc. and a method in which photocatalytic Solution 
is sprayed to the base material for adhesion have been 
performed. 

0013 In these cases, however, binding property between 
the surface of the base material and titanium dioxide is 
insufficient, and most of the titanium dioxide falls off from 
the base material by washing, etc., significantly degrading 
the photocatalytic function. And fibers of the mask, etc. are 
decomposed by the photocatalytic reaction of the titanium 
dioxide, degrading the strength. 
0014) At the same time, a photocatalytic apatite which 
has both of photocatalytic function and absorption ability 
toward materials has been developed as a photocatalyst. It is 
unnecessary for the photocatalytic apatite to use absorbent 
simultaneously as for the titanium dioxide because of its 
excellent absorption property. Moreover, since decomposi 
tion of fiber does not occur, any binders or adhesives can be 
used and there is no need for the surface to be coated with 
silica. 

0.015 The methods for attaching the photocatalytic apa 
tite to the base material such as a method in which a base 
material Such as mask is dipped in a photocatalytic Solution 
as similar to the titanium dioxide (Japanese Patent Applica 
tion Laid-Open (JP-A) No. 2005-177320) and a method in 
which the photocatalytic apatite is attached to the base 
material by using binders or adhesives (JP-A No. 2005 
124777) have been disclosed. In the invention disclosed in 
JP-A No. 2005-124777, a method for preventing dropout of 
the photocatalytic apatite from the base material by dispos 
ing a protective layer on the Surface of the base material to 
which the photocatalytic apatite is attached is further dis 
closed. 

0016. In this case, however, when binders or adhesives 
are used for adhesion to the base material, photocatalytic 
apatite is buried in these binders or adhesives, resulting in 
degraded photocatalytic function and making it uneconomi 
cal. And also, when binders, etc. are used, or when the 
photocatalytic apatite is attached by dipping, the photocata 
lytic apatite is attached only to the surface of the base 
material, and a problem still remains such that the photo 
catalytic apatite is likely to fall off by washing. 

0017. Therefore, an appropriate proposal of the product 
Such as mask which excels in durability without impairment 
of the strength or texture of the base material, excels in 
decomposition ability against the harmful components such 
as harmful materials or disease agents contained in air, Soil 
and water, is capable of exhibiting excellent photocatalytic 
function for prolonged period and can be mass-produced at 
low cost, has not been provided in the existing situation. 

0018. The present invention is intended to settle above 
existing issues and achieve the following purposes. 

0019. The purpose of the present invention is to provide 
a photocatalytic fiber which excels in durability, and decom 
position ability against the harmful components such as 
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harmful materials or disease agents contained in air, Soil and 
water, can be mass-produced at low cost, and is favorable for 
forming sanitary materials such as mask, medical cloth, 
bandage, and gauze, room decorative articles such as cur 
tain, carpet and wall paper, clothing items such as uniform 
and clothes, livingwares such as towel, sheets and beddings 
and various filters. Also provided is a fabric which excels in 
photocatalytic function and durability, can be mass-pro 
duced at low cost and is favorable for forming sanitary 
materials such as mask, medical cloth, bandage, and gauze, 
room decorative articles Such as curtain, carpet and wall 
paper, clothing items such as uniform and clothes, living 
wares such as towel, sheets and beddings and various filters 
by using the fiber. And also provided is a fabric product 
including sanitary materials such as mask, medical cloth, 
bandage, and gauze, room decorative articles such as cur 
tain, carpet and wall paper, clothing items such as uniform 
and clothes, livingwares such as towel, sheets and beddings 
and various filters which can exhibit excellent photocatalytic 
function for prolonged period. 
0020. As a result of dedicated investigation conducted on 
the issues, the present inventors have obtained the following 
knowledge. It has been found that by using the photocata 
lytic apatite as a photocatalyst, an excellent photocatalytic 
function can be obtained without degrading the fiber even if 
it is directly attached to the fiber. Moreover, it has been 
found that by attaching the photocatalyst to the fiber forming 
the fabric for forming a mask, etc. and forming the fabric 
with the fiber, instead of attaching the photocatalyst on the 
Surface of the base material, a solid binding property 
between the fabric and the photocatalyst can be obtained 
without a use of binders, etc. because the photocatalyst can 
be physically fixed in meshes or crossings of the fiber. 

SUMMARY OF THE INVENTION 

0021. The present invention is based on the knowledge of 
the present inventors and the measures to settle above issues 
are as follows. 

0022. The photocatalytic fiber of the present invention 
contains a photocatalyst wherein the photocatalyst is 
attached to the fiber. 

0023. In the fiber, the harmful components or decompo 
sition targets contained in air, soil and water are decomposed 
and removed by the photocatalyst because the photocatalyst 
is attached to the fiber. By attaching the photocatalyst 
without a use of binders or adhesives, photocatalyst is not 
buried in the binders, etc. and the surface of the photocata 
lyst is externally exposed thereby efficiently bringing out the 
photocatalytic function. Moreover, it is possible to mass 
produce the fiber with excellent photocatalytic function at 
low cost, and the fiber having an excellent durability is 
obtained without impairing strength or texture of the fiber. 
Therefore, it is favorably used for fabric products of the 
present invention using the fabric of the present invention. 
0024. The fabric of the present invention is formed by 
using the photocatalytic fiber of the present invention. 

0025. In the fabric of the present invention, the harmful 
components contained in air, soil and water are decomposed 
and removed by the photocatalyst attached to the fabric 
because it is formed by using the photocatalytic fiber of the 
present invention. 
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0026. Heretofore, photocatalyst has been attached to the 
mask, etc. by using binders or adhesives and the photocata 
lyst is buried in the binder, etc. having less contact with the 
harmful components, and therefore photocatalytic function 
cannot be exhibited sufficiently. Furthermore, texture of 
mask, etc. has been impaired by the binders, etc. And when 
the photocatalyst is attached by dipping masks, etc. in a 
photocatalytic Solution or by spraying the photocatalytic 
Solution without using binders, etc., binding property of the 
photocatalyst and mask is inappropriate and since the pho 
tocatalyst attaches only on the Surface of the masks, etc., 
there is a problem of notably degraded photocatalytic func 
tion because most of the photocatalyst falls off by washing. 
Moreover, when titanium dioxide is used as a photocatalyst 
and is directly attached to the masks, etc. there is a problem 
of decreased strength due to decomposition of the fiber by 
photocatalytic reaction. 

0027. Since the fabric of the present invention is formed 
by using the fiber to which the photocatalyst is attached in 
advance, the fiber is crossed and tangled with each other and 
the photocatalyst is held in meshes or crossings of the fiber 
to improve the binding property of the fabric and the 
photocatalyst. Moreover, a lot of photocatalyst can be 
attached not only on the surface of the fabric but inside the 
fabric. And because of the excellent binding property, pho 
tocatalyst can be attached without a use of binders or 
adhesives, etc. thereby increasing the contact area with 
harmful components and preventing the impairment of 
strength and texture, etc. of the fabric. Moreover, it is 
possible to appropriately prevent degradation of the fiber by 
using photocatalytic apatite. As a result, a fabric which is 
capable of exhibiting excellent photocatalytic function can 
be mass-produced at low cost. Further, photocatalyst does 
not fall off easily even by washing, and a fabric which excels 
in durability and is capable of exhibiting excellent photo 
catalytic function for prolonged period can be obtained. 
Because of this, the fabric is favorably used for the fabric 
product of the present invention. 
0028. The fabric product of the present invention is 
formed by using the fabric of the present invention. 
0029. Since the fabric product is formed by using the 
fabric of the present invention, mass production at low cost 
is possible, and harmful components contained in air, Soil 
and water are decomposed and removed by photocatalyst 
attached to the fabric product. Furthermore, photocatalyst 
does not fall off easily even by washing, the strength and the 
texture of the fabric product are not impaired and it is 
possible for the fabric product to exhibit excellent photo 
catalytic function for prolonged period with an excellent 
durability. Therefore, the fabric product of the present inven 
tion can be favorably used for sanitary materials such as 
protective mask, antidust mask, antibromic mask, sporting 
mask, medical cloth, bandage, and gauze, room decorative 
articles such as curtain, carpet and wall paper, clothing items 
Such as uniform and clothes, livingwares such as towel, 
sheets and beddings and various filters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a graph showing a measurement result of 
the photocatalyst adhesive strength of Example 1 which uses 
a cotton fabric formed of the photocatalytic fiber of the 
present invention, Comparative Example 2 which uses a 
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cotton fabric to which photocatalyst is attached by spraying, 
and Comparative Example 3 using a cotton fabric to which 
photocatalyst is attached by dipping. 
0031 FIG. 2 is a graph showing a measurement result of 
photocatalystic activity of Example 1 of the present inven 
tion and Comparative Example 1 using a cotton fabric to 
which photocatalyst is not attached. 
0032 FIG. 3 is a graph showing a measurement result of 
the tensile test of Example 1 of the present invention, 
Comparative Example 1 and Comparative Example 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Photocatalytic Fiber) 
0033. The photocatalytic fiber of the present invention 
contains a photocatalyst attached to the fiber and further 
contains other constituents appropriately selected accord 
ingly. 
—Fiber— 

0034. The material of the fiber is not particularly limited 
and may be selected accordingly. Examples include cotton, 
hemp, silk, coat, pulp, synthetic fiber and regenerated fiber 
and of these, cotton is preferable. These may be used alone 
or in combination. 

0035) The structure of the fiber is not particularly limited 
and may be selected accordingly. For example, it may be a 
short fiber Such as cotton, coat and pulp or a long fiber Such 
as silk and synthetic resin. Moreover, it may be a thread 
formed by spinning the short fibers or a thread formed by 
spinning the long fibers. 
0036) The method for attaching photocatalyst to the fiber 

is not particularly limited and may be selected accordingly 
and examples include a method in which photocatalyst is 
dispersed in a solvent Such as water to prepare a photocata 
lytic solution and photocatalyst is attached by dipping the 
fiber in the photocatalytic solution and drying, and a method 
for attaching using static electricity. 
0037. Further, the method for attaching photocatalyst to 
the fiber include a method for forming threads to which the 
photocatalyst is attached by twisting the fiber after a fiber 
such as short fiber and long fiber is dipped in the photo 
catalytic solution such as above and dried, and a method for 
forming threads to which the photocatalyst is attached by 
spinning the fiber in advance and then dipping the fiber in 
the photocatalytic Solution and drying. 
0038. By spinning as described above, the photocatalyst 
can be physically fixed in the thread crossings or fiber 
meshes and binding property of fiber and photocatalyst is 
improved. 
0039. In particular, by using photocatalytic apatite as a 
photocatalyst, degradation of fiber can be prevented even if 
the photocatalyst is attached directly to the fiber, and excel 
lent durability can be obtained. 
—Photocatalyst— 
0040. The embodiment of the photocatalyst is not par 
ticularly limited and its form, structure, size and specific 
gravity can be suitably selected. For example, the photo 
catalyst is preferably in form of particle (grain), powder and 
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porous solid. Of these, powdery form is particularly prefer 
able in terms of appropriate adhesive property with the fiber. 
0041. The size of the photocatalyst is not particularly 
limited and may be selected according to the width and 
length, etc. of the fiber. For example, when the photocatalyst 
is in form of powder and/or particle (grain), the average 
particle diameter of the photocatalyst is preferably 3 um to 
8 um. 
0.042 Examples of the structure of photocatalyst include 
single layer structure, multiple layer structure, porous struc 
ture and core-shell structure. 

0043. The specific gravity of the photocatalyst is not 
particularly limited and may be selected accordingly and it 
is preferably small. 
0044) When the photocatalyst is in form of powder, the 
particle size distribution of the photocatalyst is not particu 
larly limited and may be selected accordingly. For example, 
as the particle size distribution becomes sharp or narrow, the 
photocatalyst can be dispersed evenly in the fiber. 
0045 Meanwhile, observation of the identification and 
embodiment of the photocatalyst can be performed by TEM, 
XRD, XPS, FT-IR, etc. for example. 
0046) The light wavelength necessary for exhibiting pho 
tocatalytic activity of the photocatalyst is not particularly 
limited and may be selected accordingly. It is preferably 
having an absorption property and capable of exhibiting 
photocatalytic activity relative to the broadband light includ 
ing ultraviolet light and/or visible light. 
0047 The adhesive amount of the photocatalyst relative 
to the fiber is not particularly limited and may be adjusted 
accordingly. As the adhesive amount of the photocatalyst 
increases, the decomposition ability against harmful com 
ponents (decomposition targets) improves, however, binding 
property with the fiber is degraded, and therefore it is 
preferable that the content is increased to an extent that it is 
capable of shape forming. For example, it is preferably 
0.001 parts by mass to 50 parts by mass and more preferably 
0.01 parts by mass to 30 parts by mass relative to 100 parts 
by mass of the fiber. 
0.048. The material and/or composition of the photocata 
lyst are not particularly limited and may be selected accord 
ingly and preferred examples include apatite having photo 
catalytic activity (photocatalytic function). When the 
photocatalyst is an apatite having photocatalytic activity, it 
is advantageous in terms of excellent absorption property of 
apatite relative to the harmful components contained in air, 
soil and water, etc. Moreover, it is advantageous in terms of 
being capable of decomposing and removing absorbed 
harmful components efficiently by its photocatalytic activity 
(photocatalytic function). 
0049. Of these photocatalysts, a photocatalyst at least 
containing apatite having photocatalytic activity and visible 
light-absorbing metal atom is preferable and a photocatalyst 
further containing ultraviolet-absorbing metal atom is more 
preferable. If the photocatalyst contains the visible light 
absorbing metal atom, it is advantageous for use under 
conditions of daily usage with fluorescent lamp. And if it 
further contains ultraviolet-absorbing metal atom, it is 
advantageous for use under irradiation condition of light 
including ultraviolet light such as Sun light. 
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0050 Meanwhile, the photocatalyst may be used alone or 
in combination in the present invention. 
0051. The visible light-absorbing metal atom is not par 
ticularly limited and may be selected accordingly. Preferred 
examples include the visible light-absorbing metal atom 
having absorption property relative to the light of 400 nm 
wavelength or more and specifically, at least one selected 
from chromium (Cr) and nickel (Ni) is more preferable. 
0052 The apatite having photocatalytic activity (photo 
catalytic function) is not particularly limited as long as it has 
a photocatalytic activity and may be selected accordingly. 
Preferred examples include an apatite containing a metal 
atom necessary for obtaining a photocatalytic activity 
(herein after, may be referred to as “metal atom capable of 
exhibiting photocatalytic activity”). The apatite can Strip 
electrons from the harmful components (decomposition tar 
gets) absorbed on the Surface of apatite and oxygenate and 
decompose the harmful components when the apatite con 
tains the metal atom necessary for obtaining photocatalytic 
activity. 
0053. The apatite is not particularly limited and may be 
selected accordingly. Examples include the apatite 
expressed by the following General Formula (1). 

A (BO),X. 

0054) In the above General Formula (1), “A” represents 
a metal atom and the metal atom is not limited and may be 
selected accordingly. Examples of the metal atom include 
calcium (Ca), aluminum (Al), lanthanum (La), magnesium 
(Mg), strontium (Sr), barium (Ba), lead (Pb), cadmium (Cd), 
europium (Eu), yttrium (Y), cerium (Ce), sodium (Na) and 
kalium (K). Of these, calcium (Ca) is particularly preferable 
in terms of excellent absorption property. 
0.055 “B” represents one of phosphorus atom (P) and 
sulfur atom (S) and of these, phosphorus atom (P) is 
preferable in terms of excellent biocompatibility. 

0056) 
0057 “X” represents one of hydroxyl group (OH), CO 
and halogen atom and of these; hydroxyl group (OH) is 
particularly preferable because it is capable of forming 
metal-oxide photocatalytic substructure together with the 
metal atom A. Examples of halogen atom include fluorine 
atom, chlorine atom, bromine atom and iodine atom. 

General Formula (1) 

'O' represents an oxygen atom. 

0.058 Each “m”, “n”, “Z” and “s' represents an integer 
number and “m” is preferably 8 to 10, “n” is preferably 3 to 
4, “Z” is preferably 5 to 7 and “s” is preferably 1 to 4 in terms 
of appropriate charge balance, for example. 
0059 Examples of the apatite expressed by the above 
General Formula (1) include hydroxyapatite, fluoroapatite, 
chloroapatite, or metallic salt thereof, tricalcium phosphate 
or calcium hydrogen phosphate. Of these, it is preferably 
hydroxyapatite where “X” in the above General Formula (1) 
is a hydroxyl group (OH) and it is more preferably calcium 
hydroxyapatite (CaFIAP), that is, Ca(PO)(OH), where 
“A” is calcium (Ca), “B” is phosphorus atom (P), and “X” 
is a hydroxyl group (OH) in the above General Formula (1). 
0060 Since the calcium hydroxyapatite (CaFHAP) is 
liable to undergo ion exchange with cation as well as anion, 
it excels in absorption properties relative to various harmful 
components (decomposition targets) in particular, organic 
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Substances such as protein and in addition, it excels in 
absorption properties relative to microscopic organisms 
Such as viruses, fungi and bacteria, thereby preventing or 
inhibiting the propagation thereof. 
0061 The decomposition target is not particularly limited 
and may be selected accordingly. Examples of constituents 
thereof include proteins, amino acids, lipids and carbohy 
drates. The decomposition target may contain one or two or 
more of these. Specific examples of the decomposition target 
generally include dirt derived from human skin, dirt, dust, 
sludge, unwanted components, waste fluid components, 
harmful Substances in the soil and/or air, disease agents such 
as microorganisms and viruses. Examples of the harmful 
Substances include tar component, acetaldehyde gas (form 
aldehyde released from wall paper, etc. and acetaldehyde 
contained in Smoke Such as tobacco, etc.) and phenol 
components (phenol contained in Smoke, etc.). 
0062) The microorganisms are not particularly limited 
and may be any one of prokaryote and eukaryote and also 
include protozoan. Examples of prokaryote include bacteria 
Such as Escherichia coli and Staphylococcus aureus and 
examples of eukaryote include yeast, and mould fungi such 
as fungus and antinomyces. Moreover, pollens of cedar, 
Japanese cypress, hogweed and others are also included. 

0063) Examples of virus include DNA virus and RNA 
virus and in particular, influenza virus and SARS virus. 
0064. These decomposition targets may be contained in 

air, Soil or water singly, or two or more of these may be 
contained simultaneously. 
0065. These decomposition targets may exist in any 
embodiment of solid, liquid and vapor. Examples of the 
decomposition targets in liquid form include waste fluid, 
nutrient fluid and circulation fluid. Examples of the decom 
position targets in vapor form include air, exhaust gas and 
circulation gas. 
0.066 The content of apatite in the photocatalyst is not 
particularly limited and may be adjusted accordingly. For 
example, it is preferably 85 mol % to 97 mol % and more 
preferably 85 mol % to 90 mol%. 

0067. When the content of apatite is less than 85 mol%. 
the photocatalytic activity of the photocatalyst may not be 
sufficient, and even when it is more than 97 mol %, 
appropriate effect may not be obtained and absorption 
property and photocatalytic activity of the photocatalyst 
relative to the harmful components (decomposition targets) 
may be degraded. 

0068 Meanwhile, the content of apatite in the photocata 
lyst can be, for example, measured by performing quanti 
tative analysis by ICP-AES. 

0069. The metal atom necessary for obtaining the above 
photocatalytic activity is not particularly limited as long as 
it can function as a center of photocatalyst and may be 
selected from known metal atoms having photocatalytic 
activity accordingly. For example, at least one Suitably 
selected from titanium (Ti), Zinc (Zn), manganese (Mn), tin 
(Sn), indium (In) and iron (Fe) is preferable for its excellent 
photocatalytic activity. Of these, titanium (Ti) is preferable 
for its excellent photocatalytic activity (photocatalytic func 
tion) in particular. 
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0070 The content of metal atom necessary for obtaining 
photocatalytic activity is not particularly limited and may be 
adjusted accordingly. For example, it is preferably 5 mol % 
to 15 mol % and more preferably 8 mol % to 12 mol % 
relative to the total metal atom in the photocatalyst. 
0071. If the content of the metal atom necessary for 
obtaining photocatalytic activity is less than 5 mol %, 
photocatalytic activity of the photocatalyst may not be 
satisfactory and even when it is more than 15 mol %, 
appropriate effect may not be obtained and moreover, 
absorption property or photocatalytic activity of the photo 
catalyst relative to decomposition targets may be degraded. 

0072 Meanwhile, the content of the metal atom neces 
sary for obtaining photocatalytic activity can be, for 
example, measured by performing quantitative analysis by 
ICP-AES. 

0073. The metal atom necessary for obtaining photocata 
lytic activity are incorporated (e.g. by Substitution) into the 
crystal structure of the apatite as part of metal atoms 
constituting the crystal structure of the apatite in order to 
form a “photocatalytic substructure' which is capable of 
exhibiting photocatalytic function in the crystalline structure 
of the apatite. 
0074 The apatite having such photocatalytic substructure 
has photocatalytic activity, and excels in decomposition 
effect, antibacterial effect, antifouling effect and inhibition 
and/or reduction of propagation of fungi, bacteria, etc. 
because the apatite structure segment excels in absorption 
property and excels more in absorption property relative to 
the harmful components (decomposition targets) than the 
known metal oxides having photocatalytic activity. 
0075 Specifically, the photocatalyst is preferably having 
titanium (Ti) as the metal atom necessary for obtaining 
photocatalytic activity and calcium hydroxyapatite 
(CaHAP): Cao(PO4)(OH) as the apatite. 
0076. The photocatalyst as described above excels in 
absorption performance of the harmful components (decom 
position targets) contained in air, soil and water, etc. 
0077. An appropriately synthesized apatite or commer 
cially available apatite may be used as apatite having 
photocatalytic activity. 
0078. The method for synthesizing apatite having pho 
tocatalytic activity is not particularly limited and may be 
selected accordingly. For example, the apatite may be Syn 
thesized by doping the metal atom necessary for obtaining 
photocatalytic activity in the apatite. 
0079 The preferred examples of titanium-calcium 
hydroxyapatite as a commercially available apatite having 
photocatalytic activity include “PHOTOHAP P CAP-100 
manufactured by Taihei Chemical Industrial Co., Ltd. 
0080. The aspect of doping is not particularly limited and 
may be selected accordingly. Examples include Substitution, 
chemical bonding and absorption and of these, Substitution 
is preferable because reaction is easily controllable, and 
metal atom necessary for obtaining photocatalytic activity 
can be held stably in the photocatalyst without detachment 
after doping. 
0081. The aspect of substitution is not particularly limited 
and may be selected accordingly. For example, an aspect in 
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which at least a part of metal atom in the apatite is Substi 
tuted with the metal atom necessary for obtaining photo 
catalytic activity and an aspect in which at least a part of the 
metal atom is substituted with the visible light-absorbing 
metal atom are preferable. These aspects are better for 
holding atoms necessary for obtaining photocatalytic activ 
ity in the apatite without detachment. 
0082 The types of substitution with the metal atom 
necessary for obtaining photocatalytic activity are not par 
ticularly limited and may be selected accordingly and pre 
ferred examples include ion exchange, etc. When ion 
exchange is employed as Substitution, it is advantageous in 
terms of excellent substitution efficiency. 
0083. The specific method for doping, that is, the specific 
method for doping the metal atom necessary for obtaining 
photocatalytic activity in the apatite is not particularly 
limited and may be selected accordingly. For example, 
dipping method in which the apatite is dipped in a water 
Solution where compounds including the metal atom neces 
sary for obtaining photocatalytic activity, etc. are dissolved 
or coexist, and coprecipitation method in which raw mate 
rials of the apatite and the metal atom necessary for obtain 
ing photocatalytic activity are coprecipitated in a water 
Solution where compounds including the raw materials of 
the apatite and the metal atom necessary for obtaining 
photocatalytic activity, etc. are dissolved or coexist, are 
preferable. 
0084. Meanwhile, the water solution may be left at rest; 
however, it is preferable to stir the solution for more efficient 
substitution to take place. The solution may be stirred by 
means of known equipments and units and examples include 
magnetic stirrer and stirring apparatus. 
0085. Of these methods, dipping method is more prefer 
able because it can be easily operated. 
0086. In dipping method, the apatite may be dipped in a 
water Solution where the metal atom necessary for obtaining 
photocatalytic activity is dissolved or coexist, or compounds 
including the metal atom necessary for obtaining photocata 
lytic activity may be dissolved in a water solution in which 
the apatite has been dispersed. 
0087. The density of the apatite in the water solution 
during doping is not particularly limited and may be 
adjusted accordingly. For example, it is preferably 0.3% by 
mass to 1.0% by mass and more preferably 0.4% by mass to 
0.6% by mass. 
0088. When the density of the apatite is less than 0.3% by 
mass, photocatalytic activity may be degraded and even 
when it is more than 1.0% by mass, appropriate enhancing 
effect of photocatalytic activity may not be obtained and 
photocatalytic activity may be degraded. 
0089. The density of the metal atom necessary for obtain 
ing photocatalytic activity in the water Solution during 
doping is not particularly limited and may be adjusted 
accordingly. For example, it is preferably 1x10M to 1x10 
3M and more preferably 1x10M to 5x10M. 
0090 When the density of the metal atom necessary for 
obtaining photocatalytic activity is less than 1x10"M, pho 
tocatalytic activity may be degraded, and even when it is 
more than 1x10M, appropriate enhancing effect of pho 
tocatalytic activity may not be obtained and photocatalytic 
activity may be degraded. 
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0091. The reaction system for doping is not particularly 
limited and may be selected accordingly. The reaction may 
take place in liquid and air, for example, and it is preferably 
performed in liquid. The liquid in this case is not particularly 
limited and may be selected accordingly and it is preferably 
water and/or liquid mainly consisting of water. 
0092. The container containing the liquid is not particu 
larly limited and may be selected from known containers. 
The preferred examples include mixer and stirrer in large 
scale and beaker in Small scale. 

0093. The doping condition is not particularly limited 
and the temperature, time and pressure, etc. may be selected 
accordingly. 
0094. The temperature is not particularly limited and it 
differs depending on the type and mass ratio of the material 
and cannot be defined completely. Normally, it is approxi 
mately 0°C. to 100° C. and preferably at room temperature 
(20° C. to 30° C.), for example. The doping time is not 
particularly limited and it differs depending on the type and 
mass ratio of the material and cannot be defined completely. 
Normally, it is approximately 10 seconds to 30 minutes and 
preferably 1 minute to 10 minutes. The pressure is not 
particularly limited and it differs depending on the type and 
mass ratio of the material and cannot be defined completely. 
It is preferably atmospheric pressure. 
0095 The amount of the metal atom necessary for obtain 
ing photocatalytic activity in the photocatalyst can be con 
trolled as desired, by appropriately adjusting the additive 
amount (M) or the above condition. 
0096. The sintering is a step for sintering the apatite, 
which has been doped with the metal atom necessary for 
obtaining photocatalytic activity, at 600° C. to 800° C. after 
doping is completed. 
0097. When the sintering temperature is less than 600° 
C., photocatalytic activity may not be at its maximum, and 
when it is more than 800° C., decomposition may occur. 
0098. The sintering condition such as time, atmosphere, 
pressure and equipment, etc. for example, is not particularly 
limited and may be selected accordingly. The sintering time 
depends on the amount of apatite which has been doped and 
cannot be defined completely; however, it is preferably more 
than 1 hour and more preferably 1 hour to 2 hours, for 
example. Examples of the atmosphere include inert gas 
atmosphere such as nitrogen and argon, and atmospheric air, 
and it is preferably atmospheric air. Examples of the pres 
Sure include atmospheric pressure. And known sintering 
apparatuses may be used as the equipment. 
0099. By sintering, the crystalline state of the apatite, 
which has been doped with the metal atom necessary for 
obtaining photocatalytic activity, may be improved and 
photocatalytic function including absorption properties and 
photocatalytic activity of the photocatalyst may be further 
improved. 

0.100 An example of the method for manufacturing the 
photocatalyst will be explained. When the doping is per 
formed by substitution, in particular, when the substitution 
is performed by ion exchange by dipping, a titanium sulfate 
Solution containing titanium as the metal atom necessary for 
obtaining photocatalytic activity is prepared first. The apa 
tite, calcium hydroxyapatite (CaHAP) is weighed in a bea 
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ker to which the titanium sulfate solution is added. After 
stirring the mixed solution by means of a magnetic stirrer for 
5 minutes, a suction filtration is performed with filter paper 
by means of an aspirator, and TiHAP fine particles which 
have been doped with titanium are obtained by washing with 
pure water and drying in an oven at 100° C. for 2 hours. 
Afterward, it is baked in a muffle furnace at 650° C. for 1 
hour in an atmospheric air. As described above, the photo 
catalyst which contains TiHAP fine particles, which have 
been doped with titanium as the metal atom necessary for 
obtaining photocatalytic activity, (the apatite having the 
metal atom necessary for obtaining photocatalytic activity) 
is produced. 
—Other Constituents— 

0101. Other constituents which are attached to the fiber 
are not particularly limited and may be selected accordingly. 
It is possible to attach fragrant materials, antibacterial agents 
and medical agents in the case of masks, filters, medical 
fabrics and clothes. 

0102) The fiber of the present invention is favorably used 
in various fields because it has an excellent durability and 
decomposition ability against harmful components such as 
harmful materials or disease agents contained in air, Soil and 
water, and can be mass-produced at low cost. For example, 
it is favorably used for sanitary materials such as mask, 
medical cloth, bandage, and gauze, room decorative articles 
Such as curtain, carpet and wall paper, clothing items such as 
uniform and clothes, livingwares such as towel, sheets and 
beddings and various filters in particular, and for the fabric 
of the present invention and the fabric product of the present 
invention using the fabric respectively in particular. 

(Fabric) 
0103) The fabric of the present invention is formed by 
using the photocatalytic fiber of the present invention. 
0104. The embodiment of the fabric is not particularly 
limited and may be selected accordingly and it may be 
woven cloth, nonwoven cloth or paper. Of these, woven 
cloth is preferable for its excellent binding ability with the 
photocatalyst. 
- Woven Cloth 

0105 The woven cloth may be a woven cloth woven with 
the threads formed with the fiber by means of weaving 
machines, etc. and may be a cloth knitted with the threads by 
means of knitting machines, etc. 
0106 Since the photocatalyst is physically fixed in 
meshes formed by multiple threads crossed or tangled in 
every direction or in thread crossings, Solid binding ability 
with which the photocatalyst does not fall off easily from the 
woven cloth can be obtained without binders, etc. 
—Nonwoven Cloth 

0107 The nonwoven cloth is formed in form of cloth by 
tangling the fiber instead of knitting or weaving the fiber. 
0108. The method for manufacturing the nonwoven cloth 

is not particularly limited and may be selected accordingly 
and examples include wet and dry methods. Examples of the 
wet method include water flow tangling and examples of the 
dry method include span bonding, thermal bonding and 
needle punch. 
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0.109 The photocatalyst is fixed in meshes and binding 
parts formed by intricately tangled fibers in the nonwoven 
cloth, solid binding ability with which the photocatalyst 
does not fall off easily from the nonwoven cloth can be 
obtained. 

—Paper— 

0110. The paper is not particularly limited and may be 
selected accordingly and in particular, it is preferably Japa 
nese paper. 

0111. The method for manufacturing the paper is not 
particularly limited and may be selected accordingly. For 
example, it is possible to form Japanese paper with a fiber 
to which the photocatalyst is attached by pouring a solution 
containing photocatalyst in a liquid for making paper and 
attaching the photocatalyst on the fiber of Japanese paper 
while making paper, enabling an easy production at low 
COSt. 

0112 Since the photocatalyst is also fixed in meshes or 
binding parts formed by intricately tangled fibers, solid 
binding ability by which the photocatalyst does not fall off 
easily from the paper can be obtained. 
0113. The residual ratio of the photocatalyst in the fabric 
after washing to the attachment amount of the photocatalyst 
before washing when the fabric is washed by means of an 
ultrasonic washing machine for 30 minutes, attachment 
amount after washing (g)/attachment amount before wash 
ing (g)x100 is preferably 40% to 100% and more preferably 
50% to 100%. 

0114. Since the fabric of the present invention is formed 
by using the fiber to which the photocatalyst is attached in 
advance, the photocatalyst is fixed between fibers by cross 
ing or tangling of the fibers, thereby improving the binding 
ability of the fabric and photocatalyst. Moreover, photocata 
lyst can be attached in large quantity to the inner part of the 
fabric as well as to the surface of the fabric. And with an 
excellent binding ability, it is possible to attach without a use 
of binders or adhesives, allowing an increase in contact area 
with harmful components and preventing the impairment of 
the strength and texture of the fabric and also, by using the 
photocatalyst, fibers are not decomposed. As a result, the 
fabric which is capable of exhibiting excellent photocata 
lytic function can be mass-produced at low cost. Moreover, 
the photocatalyst does not fall off easily even by washing, 
and the fabric which excels in durability and is capable of 
exhibiting excellent photocatalytic function for prolonged 
period can be obtained. 
0115 The fabric of the present invention can be favorably 
used for the fabric products including sanitary materials 
Such as mask, medical cloth, bandage, and gauze, room 
decorative articles such as curtain, carpet and wall paper, 
clothing items such as uniform and clothes, livingwares Such 
as towel, sheets and beddings and various filters, and it is 
favorably used for the fabric product of the present invention 
in particular. 

(Fabric Product) 
0.116) The fabric product of the present invention is 
formed by using the fabric of the present invention. 
0.117) Since the fabric products are formed by using the 
fabric of the present invention, harmful components con 
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tained in air, soil and water are decomposed and removed by 
the photocatalyst attached to the fabric. Such fabric products 
which are capable of exhibiting excellent photocatalytic 
function can be mass-produced at low cost. Furthermore, the 
photocatalyst does not fall off easily even by washing, the 
strength and texture of the fabric products are not impaired, 
enabling to obtain the fabric products which excel in dura 
bility and are capable of exhibiting excellent photocatalytic 
function for prolonged period. 
0118. The fabric product of the present invention is 
favorably used for sanitary materials such as protective 
mask, antidust mask, antibromic mask, sporting mask, medi 
cal cloth, bandage, and gauze, room decorative articles Such 
as curtain, carpet and wall paper, clothing items such as 
uniform and clothes, livingwares such as towel, sheets and 
beddings and various filters. 

EXAMPLES 

0119 Herein below, with referring to Examples and 
Comparative Examples, the invention is explained in detail 
and the following Examples and Comparative Examples 
should not be construed as limiting the scope of this inven 
tion. 

Example 1 

—Gauze (Cotton Fabric) Formation— 
0120) A photocatalytic apatite powder (PHOTOHAP 
PCAP-100, a titanium-calcium hydroxyapatite manufac 
tured by Taihei Chemical Industrial Co., Ltd.) was dispersed 
in water to prepare a photocatalytic Solution. 
0121 A cotton fiber was dipped in the photocatalytic 
solution and dried to prepare a cotton fiber to which 6.0 mg 
of the photocatalytic apatite powder was attached. Next, the 
cotton fiber was weaved to form a cotton fabric of 25 
mmx 150 mm (in gauze form with 1 mm of mesh spacing) 
and a sample of Example 1 to which 6.0 mg of the photo 
catalytic apatite powder was attached was obtained. 

Comparative Example 1 
0122) A commercially available cotton gauze (with 1 mm 
of mesh spacing) was provided as a sample of Comparative 
Example 1 to which the photocatalyst is not attached. 

Comparative Example 2 
0123 The photocatalytic solution prepared in Example 1 
was sprayed over commercially available cotton gauze as 
similar to the one in Comparative Example 1 and dried to 
obtain a sample of Comparative Example 2, a cotton fabric 
of 25 mmx 150 mm to which 6.0 mg of the photocatalytic 
apatite powder was attached. 

Comparative Example 3 
0.124. A commercially available cotton gauze as similar 
to the one in Comparative Example 1 was dipped in the 
photocatalytic Solution prepared in Example 1 and dried to 
obtain a sample of Comparative Example 3, a cotton fabric 
of 25 mmx 150 mm to which 6.0 mg of the photocatalytic 
apatite powder was attached. 

Comparative Example 4 
0125. A cotton fabric was formed using a cotton fiber to 
which 6.0 mg of titanium dioxide was attached as similar to 
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Example 1, except for forming the cotton fabric to which the 
titanium dioxide was attached by changing the photocata 
lytic apatite to titanium dioxide (ST-21 manufactured by 
Ishihara Sangyo Kaisha, Ltd.) to prepare a sample of Com 
parative Example 4, a cotton fabric of 25 mmx150 mm to 
which 6.0 mg of titanium dioxide was attached. 
—Evaluation— 

0.126 (1) <Measurement of Adhesive Strength of Photo 
catalytic Apatites 

0127. The mass of each sample (size: 25 mm x 150 mm) 
of Example 1 and Comparative Examples 2 to 3 was 
measured. Next, each sample was put in a beaker filled with 
water and washed by means of an ultrasonic washing 
machine for 30 minutes. After the samples were dried, mass 
of each sample after washing was measured. 
0128. The residual ratio of the photocatalyst in the 
sample was obtained by the change in the sample mass 
before and after the ultrasonic washing and calculated from 
the next equation, (attachment amount after washing/attach 
ment amount before washing)x100 and the residual ratio 
was evaluated as adhesive strength. Results are shown in 
FIG 1. 

0129. From the result shown in FIG. 1, it turns out that 
the residual ratio of the photocatalyst in the sample of 
Example 1, in which a cotton fabric formed with the 
photocatalytic fiber of the present invention was used, was 
larger than those of the samples of Comparative Examples 
2 and 3, in which cotton fabrics to which the photocatalyst 
is attached by conventional spraying or dipping, and the 
sample of Example 1 had an excellent adhesive strength 
(binding ability). 

0.130 (2) <Evaluation of Photocatalytic Activity> 
0131 Each sample of Example 1 and Comparative 
Example 1 (in strip form of 25 mmx150 mm) was put in a 
container (500 cc) filled with acetaldehyde (10,000 ppm) 
and 1.0 mW/cm (at 365 nm) of ultraviolet light was 
irradiated by black light. The amount of carbon dioxide 
produced by ultraviolet light irradiation was measured by 
using gas chromatography (GS-560 manufactured by GL 
Sciences, Inc.) and photocatalytic activity was evaluated. 
Results are shown in FIG. 2. 

0.132. From the result shown in FIG. 2, a production of 
carbon dioxide was observed in the sample of Example 1, in 
which a cotton fabric formed with the photocatalytic fiber of 
the present invention was used, and it was confirmed that the 
acetaldehyde was decomposed and the sample had photo 
catalytic activity. On the other hand, carbon oxide was not 
produced in the sample of Comparative Example 1, in which 
a cotton fabric to which the photocatalyst is not attached at 
all was used, and the sample had no photocatalytic activity. 
0.133 (3) <Evaluation of Fiber Degradation> 
0.134 Each sample (in strip form of 25 mmx150 mm) of 
Example 1 and Comparative Examples 1 and 4 was put in a 
box for ultraviolet irradiation and 2.0 mW/cm (at 365 nm) 
of ultraviolet light was continuously irradiated and tensile 
strength of each sample was measured after one month and 
three months of irradiation using a tensile testing machine 
manufactured by Instron Corporation. Results are shown in 
FIG. 3. 
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0135). From the result shown in FIG. 3, the cotton fabric 
of Example 1, in which a cotton fabric formed with the 
photocatalytic fiber of the present invention was used, 
exhibited the same fiber strength as that of the sample of 
Comparative Example 1, in which the photocatalyst is not 
attached, even after ultraviolet irradiation, and the degrada 
tion of the fiber by photocatalyst was not observed. On the 
other hand, it turns out that the tensile strength of the sample 
of Comparative Example 4 to which a titanium dioxide was 
attached was notably degraded, thereby degrading the fiber. 
0136. By the present invention, it is possible to settle 
above existing issues and to provide the photocatalytic fiber 
which has an excellent durability and decomposition ability 
against harmful components such as harmful materials or 
disease agents contained in air, Soil and water, and can be 
mass-produced at low cost. And by the use of the photo 
catalytic fiber, also provided is the fabric which excels in 
photocatalytic function and durability, and can be mass 
produced at low cost. And by the use of the fabric, it is also 
possible to provide the fabric product including sanitary 
materials such as mask, medical cloth, bandage, and gauze, 
room decorative articles Such as curtain, carpet and wall 
paper, clothing items such as uniform and clothes, living 
wares such as towel, sheets and beddings and various filters, 
which is capable of exhibiting excellent photocatalytic func 
tion for prolonged period. 
0137 The photocatalytic fiber of the present invention is 
favorably used for fabric products including sanitary mate 
rials such as mask, medical cloth, bandage, and gauze, room 
decorative articles such as curtain, carpet and wall paper, 
clothing items such as uniform and clothes, livingwares Such 
as towel, sheets and beddings and various filters, because the 
fiber has excellent durability and decomposition ability 
against harmful components such as harmful materials or 
disease agents contained in air, Soil and water, and can be 
mass-produced at low cost. 
0138. The fabric of the present invention is favorably 
used for fabric products including sanitary materials such as 
mask, medical cloth, bandage, and gauze, room decorative 
articles such as curtain, carpet and wall paper, clothing items 
Such as uniform and clothes, livingwares such as towel, 
sheets and beddings and various filters, because it is formed 
by using the photocatalytic fiber of the present invention and 
has excellent durability and decomposition ability against 
harmful components such as harmful materials or disease 
agents contained in air, soil and water and can be mass 
produced at low cost. 
0.139. The fabric product of the present invention is 
favorably used for sanitary materials such as mask, medical 
cloth, bandage, and gauze, room decorative articles Such as 
curtain, carpet and wall paper, clothing items such as uni 
form and clothes, livingwares Such as towel, sheets and 
beddings and various filters, because it is formed by using 
the fabric of the present invention and is capable of exhib 
iting excellent photocatalytic function for prolonged period. 

What is claimed is: 
1. A photocatalytic fiber comprising: 
a photocatalyst, 

wherein the photocatalyst is attached to the fiber. 
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2. The photocatalytic fiber according to claim 1, wherein 
the photocatalyst is attached by dipping the fiber in a 
Solution which comprises at least the photocatalyst. 

3. The photocatalytic fiber according to claim 1, wherein 
a thread to which the photocatalyst being attached is formed 
by spinning after dipping the fiber in a solution which 
comprises at least the photocatalyst. 

4. The photocatalytic fiber according to claim 1, wherein 
the thread to which the photocatalyst being attached is 
formed by dipping the fiber in the solution which comprises 
at least the photocatalyst after spinning. 

5. The photocatalytic fiber according to claim 1, wherein 
the photocatalyst is in form of particle. 

6. The photocatalytic fiber according to claim 1, wherein 
the photocatalyst is capable of exhibiting photocatalytic 
activity at least by visible light. 

7. The photocatalytic fiber according to claim 1, wherein 
the photocatalyst comprises at least an apatite which com 
prises photocatalytic activity and a visible light-absorbing 
metal atom. 

8. The photocatalytic fiber according to claim 7, wherein 
the apatite comprises photocatalytic activity, and 

wherein the apatite comprises a metal atom and at least a 
part of the metal atom is substituted with the visible 
light-absorbing metal atom. 

9. The photocatalytic fiber according to claim 7, wherein 
the visible light-absorbing metal atom is chromium (Cr). 

10. The photocatalytic fiber according to claim 7, wherein 
the apatite comprises photocatalytic activity, and 

wherein the apatite comprises a metal atom necessary for 
obtaining photocatalytic activity. 

11. The photocatalytic fiber according to claim 10, 
wherein the metal atom necessary for obtaining photocata 
lytic activity is at least one selected from titanium (Ti), Zinc 
(Zn), manganese (Mn), tin (Sn), indium (In) and iron (Fe). 

12. The photocatalytic fiber according to claim 7, wherein 
the apatite is expressed by the following General Formula 
(1). 

A (BO),X. General Formula (1) 

where, in the above General Formula (1), “A” represents 
a metal atom. “B” represents any one of phosphorus 
atom (P) and sulfur atom (S). “O'” represents an oxygen 
atom. 'X' represents any one of hydroxyl group, CO 
and halogen atom. Each “m”, “n”, “Z” and “s' repre 
sents an integer number. 

13. The photocatalytic fiber according to claim 12, 
wherein in the General Formula (1), “A” represents calcium 
(Ca), “B” represents phosphorus atom (P) and “X” repre 
sents a hydroxyl group, and the apatite comprising photo 
catalytic activity is calcium hydroxyapatite, 
Cao (PO4)(OH). 

14. The photocatalytic fiber according to claim 11, 
wherein the metal atom necessary for obtaining photocata 
lytic activity is titanium (Ti). 

15. The photocatalytic fiber according to claim 1, wherein 
the photocatalyst comprises an ultraviolet-absorbing metal 
atOm. 
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16. A fabric comprising: 
a photocatalytic fiber, 
wherein the fabric is formed by using the photocatalytic 

fiber, and the photocatalytic fiber comprises a photo 
catalyst being attached to the fiber. 

17. The fabric according to claim 16, wherein the fabric 
is any one of woven cloth, nonwoven cloth and paper. 

18. The fabric according to claim 16, wherein a residual 
ratio of the photocatalyst after washing to the attachment 
amount of the photocatalyst before washing when the pho 
tocatalyst is washed by means of an ultrasonic washing 
machine for 30 minutes, attachment amount after washing 
(g)/attachment amount before washing (g)x100 is 40% to 
100%. 
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19. A fabric product comprising: 
a fabric, 
wherein the fabric product is formed by using the fabric, 
the fabric is formed by using the photocatalytic fiber, and 
the photocatalytic fiber comprises a photocatalyst being 

attached to the fiber. 
20. The fabric product according to claim 19, wherein the 

fabric product is any one of protective mask, antidust mask, 
antibromic mask, sporting mask, medical cloth, bandage, 
gauze, curtain, carpet, wall paper, clothes, towel, sheets, 
bedding, filter and uniform. 

k k k k k 


