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(57) ABSTRACT 

Disclosed are a method for the antimicrobial treatment of a 
fiber and a process for the production of an antimicrobial 
fiber, each of which is characterized by immersing the fiber in 
an aqueous Solution containing a noble metal ion or a noble 
metal complex and irradiating the aqueous solution with Y-ray 
or electron beam. In the method for the antimicrobial treat 
ment of a fiber and the process for the production of an 
antimicrobial fiber, the noble metal constituting the noble 
metal ion or the noble metal complex is at least one noble 
metal selected from the group consisting of gold, silver, plati 
num, palladium, ruthenium, rhodium, iridium and rhenium. 
Also disclosed is an antimicrobial fiber produced by the pro 
CCSS, 
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ANTIBACTERIAL TREATMENT METHOD 
FOR FIBER, METHOD FOR PRODUCING 

ANTIBACTERIAL FIBER AND 
ANTIBACTERIAL FIBER 

TECHNICAL FIELD 

0001. The present invention relates to an antibacterial 
treatment method for fiber, a method for producing antibac 
terial fiber and antibacterial fiber. More particularly, it relates 
to an antibacterial treatment method for fiber in which anti 
bacterial metal particulates are firmly adhered to the fiber, a 
method for producing antibacterial fiber and an antibacterial 
fiber produced by the production method. 

BACKGROUND ART 

0002 Harm caused by resistant bacteria such as MRSA 
derived from frequent use of antibiotics is recently becoming 
a problem, and new merits have been discovered in inorganic 
bactericides and antibacterial agents. This is principally 
because a metal such as silver or a metal oxide Such as 
titanium oxide does not always exhibit a strong bactericidal 
function but is harmless to the human body without producing 
resistant bacteria and exhibits continuous antibacterial/anti 
mold function against a wide range of bacteria and mold. 
0003 Antibacterial agents using antibacterial metals are 
already widely commercially available as products. 
0004 Examples of an antibacterial agent using silver as an 
antibacterial metal are known as brand names of "Bacte 
killer' (manufactured by Kanebo Ltd., zeolite-based agent), 
“Ionpure' (manufactured by Ishizuka Glass Co., Ltd., glass 
based agent), “Novaron' (manufactured by Toagosei Co., 
Ltd., silver-loaded Zirconium silver phosphate agent), 
“Zeomic' (manufactured by Shinagawa Nenryo Co., Ltd., 
silver-Zeolite-based agent), "Zeoplus (manufactured by 
Matsumoto Yushi-seiyaku Co., Ltd., silver-Zeolite-based 
agent), “Ceramics AM15' (manufactured by Sumitomo 
Osaka Cement Co., Ltd., silver-based agent), and “GIN 
Tech' (manufactured by Kawasumi Giken Co., Ltd., silver 
coated titanium oxide-based agent). The methods for adding 
silver to these products are roughly divided into a method in 
which silver ions are adsorbed by an adsorbent such as Zeo 
lite, a method in which a silver powder is dispersed in a 
Solvent such as glaze, a method in which a silver compound is 
reduced electrically or by using an agent (including plating) 
and the like, and these methods are all on the basis of liquid 
phase methods. 
0005 Examples of a substance to which an antibacterial 
agent is added include natural fiber, chemical fiber, ceramics, 
plastics and metals. In the total sales of these various antibac 
terial processed products, the sale of textile products occupies 
about a half of the total sales in fiscal 1996 (according to 
“Report of Discussion Meeting on New Function Processed 
Products for Daily Use (Antibacterial Processed Products) 
issued by the Ministry of Economy, Trade and Industry in 
December 1998), and there are increasing demands for anti 
bacterial fiber. 

0006. As a method for adding an antibacterial agent to 
fiber, a "kneading method in which an antibacterial agent is 
kneaded in fiber at the stage of spinning the fiber or a "post 
processing method’ in which an antibacterial agent is added 
to or coated on the Surface of fiber by using a processing 
liquid containing the antibacterial agent at the stage where the 
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fiber is formed into a product in the shape of, for example, 
cotton, thread or fabric is generally employed. 
0007. However, principally a portion of the antibacterial 
agent present on the surface of fiber actually exhibits the 
antibacterial function. Therefore, in antibacterial fiber pro 
duced by the kneading method, the antibacterial effect is poor 
considering the added amount, since a portion of the antibac 
terial agent kneaded inside the fiber does not make a large 
contribution to the antibacterial effect. When a larger amount 
of antibacterial agent is kneaded in order to improve the 
antibacterial effect, it is apprehended that the additional 
amount can harmfully affect the fiber, for example, the mate 
rial of the fiber may be changed in its properties, and in 
addition, there arises a problem of increase of the cost. 
0008. In contrast, the post-processing method is advanta 
geous from the viewpoint of the cost and is applicable to a 
wider range of fibers. Hence it is preferred to the kneading 
method. In antibacterial fiber processed by this method, most 
of the antibacterial agent is adhered to the surface of the fiber, 
and therefore, the fiber exhibits very high antibacterial per 
formance before washing. When it is repeatedly washed, 
however, the adhered antibacterial agent is peeled off, and 
therefore, the antibacterial performance attained after 
repeated washing is largely degraded with the exception of 
Some organic antibacterial agents (that are chemically 
bonded to a reaction group of fiber). Therefore, in order to 
retain the antibacterial performance after repeated washing, 
namely, in order to improve the resistance against washing, 
the amount of antibacterial agent to be added is increased or 
a resin binder is used. An inorganic antibacterial agent in 
particular needs a resin binder. When the amount of antibac 
terial agent to be added is increased or a resin binder is used, 
however, the cost is increased, and hence, the advantage in the 
cost to the kneading method is spoiled as well as there arises 
a problem that processing characteristics of the post-process 
ing or the texture of a resultant product is degraded. 
0009. Accordingly, as methods for overcoming the afore 
mentioned problem of the post-processing method, the fol 
lowing methods have been proposed as a method for produc 
ing antibacterial fiber without using a resin binder: A method 
in which titanium dioxide carrying silver is applied to the 
Surface of fiber by a post-processing method employing an 
exhaustion dyeing method, a pad dyeing method or a spray 
dyeing method (disclosed in Patent Document 1); and a 
method in which silver aerosol is allowed to contact with fiber 
(disclosed in Patent Document 2). 
O010 Patent Document 1:JP 10-280270A 
0011 Patent Document 2: JP2005-126348A 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

0012. With respect to the technique disclosed in Patent 
Document 1, however, since a processing machine, a dyeing 
machine and the like are used, large scale equipment is 
required, given temperature control is necessary and hence, 
there arises a problem of high cost. There also arises a prob 
lem of much time and effort, since an antibacterial agent is 
produced before applying it to fiber. On the other hand, with 
respect to the technique disclosed in Patent Document 2, 
since the production is performed in a nitrogen stream atmo 
sphere or in nitrogen gas stream, there arises a problem that 
expensive equipment is required and given atmosphere con 
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trol is difficult, and since silver aerosol is produced before 
allowing it to contact with fiber, there arises a problem of 
much time and effort. 

0013 Therefore, in consideration of the aforementioned 
problems of the conventional post-processing method, an 
object of the invention is to provide an antibacterial treatment 
method for fiber in which antibacterial metal particulates are 
firmly adhered to the surface offibereasily at low cost without 
using a resin binder for providing antibacterial fiber with high 
resistance against washing, a method for producing the anti 
bacterial fiber and an antibacterial fiber obtained by the pro 
duction method. 

Means for Solving the Problems 

0014. In consideration of the aforementioned problems, 
the present inventor has conducted extensive studies and 
found the following, resulting in achieving the present inven 
tion: Antibacterial metal particulates are firmly adhered to 
fiber by a very simple method in which an aqueous solution 
containing a noble metal ion or a noble metal complex with 
fiber immersed therein is irradiated with Y rays or electron 
rays, and the thus obtained fiber exhibits an antibacterial 
property with high resistance against washing. 
0015 The inventions of respective claims will now be 
described. 

0016. The invention according to claim 1 is an antibacte 
rial treatment method for fiber in which fiber is immersed in 
an aqueous solution containing a noble metal ion or a noble 
metal complex, and the aqueous solution is irradiated with Y 
rays or electron rays. 
0017. In this invention, the noble metal ion or the noble 
metal complex contained in the aqueous solution is reduced, 
through the irradiation with they rays or the electron rays, into 
anatomic noble metal on the Surface of the fiber, so as to cause 
deposition of noble metal particulates of nano-order, namely, 
noble metal nanoparticles. Since the noble metal nanopar 
ticles are firmly bonded to the fiber, the noble metal nanopar 
ticles with an antibacterial property can be firmly adhered to 
the fiber simply at low cost without using a resin binder. 
Hence, antibacterial fiber with high resistance against wash 
ing can be provided at low cost. 
0018 When metal nanoparticles are synthesized and made 
to adhere to fiber within an aqueous solution, it is generally 
regarded that the metal nanoparticles cannot be firmly fixed 
although they are adsorbed onto the surface of the fiber. 
Accordingly, as a method for making metal nanoparticles 
adhere firmly to fiber, it is not general to consider a method of 
synthesizing metal nanoparticles and making them adhere to 
fiber within an aqueous solution. In the antibacterial treat 
ment method for fiber of this invention, however, the reduc 
tion reaction of the noble metal ion and the deposition reac 
tion of the nanoparticles are very uniformly proceeded in the 
aqueous solution. Hence, it is presumed that the deposition of 
the noble metal nanoparticles is caused in the extreme vicinity 
of the fiber immersed in the aqueous solution, and therefore, 
it seems that a state where the noble metal nanoparticles are 
firmly fixed onto the fiber may be attained. In other words, it 
seems that the metal nanoparticles in a very unstable state 
attained immediately after the deposition come into contact 
with the surface of the fiber, so as to firmly bond to the surface 
by utilizing the Surface energy. Therefore, although the 
method for synthesizing the metal nanoparticles and making 
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them adhere to the fiber within the aqueous solution is 
employed, the metal nanoparticles can be firmly adhered to 
the fiber. 
0019. In the present invention, the noble metal is 
employed because it is chemically stable and good at antibac 
terial performance. Such a noble metal is deposited in the 
form of noble metal nanoparticles and firmly adhered to the 
fiber having a fine Surface so as to attain a large surface area, 
resulting in increasing possibility of contact with fungi for 
effectively exhibiting the antibacterial performance. 
0020. As described above, the size of the noble metal 
nanoparticles deposited to be adhered to the fiber is nano 
order. The size of the noble metal particles can be controlled 
by adjusting the concentration of the aqueous solution con 
taining the noble metal ion or the noble metal complex or 
adjusting the absorbed dose of they rays or the electron rays. 
The size of the noble metal particles is preferably 1 through 
500 nm and more preferably 1 through 100 nm. When the size 
of the noble metal nanoparticles falls within this range, they 
are more firmly adhered to the fiber and a large surface area is 
attained, and therefore, the resultant antibacterial fiber 
achieve higher antibacterial performance. 
0021. The aqueous solution containing the noble metalion 
used in this invention can be easily obtained by dissolving, in 
water, inorganic salt Such as nitrate, halide (chloride in par 
ticular), sulfate or carbonate of a noble metal, or hydrophilic 
organic acid salt such as acetate or citrate of a noble metal. In 
particular, nitrate or chloride is preferred because it is easily 
dissolved in water and is comparatively inexpensive. 
0022. The aqueous solution containing the noble metal 
complex can be easily obtained by coordinating an appropri 
ate ligand to the noble metalion. The ligand is not particularly 
specified as far as it has alone pair or negative charge and may 
be selected from various kinds of ligands. Specifically, a 
monodentate ligand such as a halide ion (F, Cl, Br, IT or the 
like), a cyanide ion (CN), ammonia (NH) or pyridine, a 
bidentate ligand Such aS ethylenediamine 
(HNCHCH-NH), an acetyl acetone ion or the like, or a 
hexadentate ligand Such as an ethylenediaminetetraacetic 
acid ion may be used. 
0023. Although an alcohol solution using alcohol such as 
ethanol or methanol can be used instead of the aqueous solu 
tion, the aqueous solution is most preferred in consideration 
of inconvenience in adjustment of a processing Solution, dis 
posal of the processing Solution after the antibacterial treat 
ment and the like and the cost for obtaining the alcohol. 
0024. A transition-metalion or a transition-metal complex 
may be mixed in the aqueous solution containing the noble 
metal ion or the noble metal complex. When it is mixed, the 
amount of noble metal ion or noble metal complex can be 
decreased. In other words, in preparation of the aqueous 
Solution, a part of an expensive noble metal compound can be 
replaced with an inexpensive transition-metal compound. As 
a result, the cost can be further lowered. As the transition 
metal, copper or nickel is preferably used. Examples of the 
transition-metal compound include copper Sulfate, nickel Sul 
fate, copper nitrate and nickel nitrate. 
0025 Conceivable examples of radiation used for depos 
iting the noble metal nanoparticles through irradiation 
include C. rays or B rays emitted from an atomic nucleus, Y 
rays emitted through change in the energy state of an atomic 
nucleus, proton rays or electron rays generated by an accel 
erator, and neutron rays generated by utilizing a nuclear reac 
tor, an accelerator or the like. Such radiation causes an ion 
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ization reaction so as to deposit the noble metal nanoparticles 
from the solution containing the noble metal ion or the noble 
metal complex. As a result of examination made on the radia 
tion to be employed in this invention, it has been found that 
the Y rays or the electron rays are suitably used because they 
do not activate the fiber or the metal particles while causing 
the ionization reaction. The Y rays and the electron rays are 
already widely used in sterilization or the like for medical 
instruments and can be obtained by utilizing existing equip 
ment or techniques. 
0026. The wavelength of the radiation used in the inven 
tion is preferably less than 1 nm, more preferably 0.1 nm or 
less and most preferably 0.01 nm or less. As the wavelength is 
shorter, fine noble metal nanoparticles with a homogenous 
size tend to be deposited in shorter time. 
0027. In order to keep homogeneous dispersion of the 
noble metal nanoparticles in the fiber, the irradiation of the Y 
rays or the electron rays is preferably performed with stirring 
the aqueous solution. The temperature condition is not par 
ticularly specified. The irradiation is generally performed at 
room temperature (ordinary temperature), but cooling condi 
tions or heating conditions of approximately 0 through 100° 
C. may be employed. 
0028. The volume of a vessel for the aqueous solution to 
be irradiated with the Y rays or the electron rays is not par 
ticularly specified as far as the aqueous Solution accommo 
dated therein can be kept in a homogeneous state by, for 
example, stirring and the fiber contained therein can be irra 
diated with they rays or the electron rays. The volume of the 
vessel may be appropriately selected in consideration of the 
type of aqueous Solution, the size of a textile product to be 
treated, the transmission of they rays or the electron rays and 
the like, and is generally selected from a range of approxi 
mately 1 mL through 100 L. 
0029. The fiber to which the noble metal particles are 
adhered in the invention is not particularly specified. 
Examples of the fiber include natural fiber such as cotton, 
wool, silk, linen or camel hair, chemical fiber Such as rayon or 
acetate, synthetic fiber Such as polyester, polyamide, poly 
acrylonitrile, polyethylene, polypropylene, polyether imide, 
polyphenylene sulfide, polyether sulfone, polyether ether 
ketone or polybenzimidazole, and fabric manufactured by 
spinning and weaving one of or a mixture of these fibers. 
Also, the fiber may be short fiber or long fiber, and the fiber 
may be in the form of cotton or thread, or a product such as a 
cloth or a knit. 
0030 Since the noble metal nanoparticles with a fine par 

ticle size adhere to the fiber without using a resin binder in this 
invention, change in the texture can be suppressed. Further 
more, the degree of coloring the fiber can be adjusted by 
adjusting the amount of metal nanoparticles adhered to the 
fiber. At this point, the adjustment is easy because there is no 
need to use a resin binder. Moreover, since the resultant fiber 
attains high resistance against washing, change in the texture 
through washing can be Suppressed to be small. 
0031. The invention according to claim 2 is the antibacte 

rial treatment method for fiber according to claim 1 in which 
a noble metal used for making up the noble metal ion or the 
noble metal complex is at least one noble metal selected from 
the group consisting of gold, silver, platinum, palladium, 
ruthenium, rhodium, iridium and rhenium. 
0032. In the invention of claim 2, as the noble metal con 
tained in the aqueous Solution of the noble metal ion or the 
noble metal complex, gold, silver, platinum, palladium, 
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ruthenium, rhodium, iridium or rhenium is preferably used 
from the viewpoint of high antibacterial performance, oxida 
tion resistance and the like. Among these noble metals, silver 
is most preferred from the viewpoint of the antibacterial 
performance and the cost. 
0033. As described above, the aqueous solution contain 
ing the noble metal ion or the noble metal complex can be 
obtained by dissolving an inorganic salt or a hydrophilic 
organic acid salt of a noble metal in water. With respect to the 
aforementioned noble metals, specifically, silver nitrate, 
chloroauric acid, palladium chloride, silver sulfate or the like 
is used. 
0034 Among what is called noble metal elements, 
osmium is excluded from the invention because its oxide is 
very venomous. 
0035. The invention according to claim 3 is the antibacte 
rial treatment method for fiber according to claim 1 or 2 in 
which the concentration of the noble metal ion or the noble 
metal complex in the aqueous solution containing the noble 
metal ion or the noble metal complex is 1 uM through 1M. 
0036. In the invention of claim3, from the viewpoint of the 
antibacterial performance, the size of the noble metal nano 
particles to be deposited and the like, the concentration of the 
aqueous solution containing the noble metal ion or the noble 
metal complex is preferably 1 uM through 1 M. More pref 
erably, the concentration is 0.1 through 10 mM. 
0037. The invention according to claim 4 is the antibacte 
rial treatment method for fiber according to claim 1 or 2 in 
which the noble metal is silver and the concentration of a 
silver ion or a silver complex in the aqueous solution is 0.005 
through 10 mM. 
0038. When a silver ion aqueous solution or an aqueous 
Solution containing a silver complex is prepared to have a 
concentration of 0.005 through 10 mM and the fiber 
immersed in this aqueous Solution is irradiated with they rays 
or the electron rays, a textile product with a higher antibac 
terial property and higher resistance against washing can be 
obtained. 
0039. The invention according to claim 5 is the antibacte 
rial treatment method for fiber according to claim 4 in which 
the noble metal is silver and the concentration of a silver ion 
or a silver complex in the aqueous solution is 0.01 through 10 
mM. 
0040. When a silver ion aqueous solution or an aqueous 
Solution containing a silver complex is prepared to have a 
concentration of 0.01 through 10 mM and the fiber immersed 
in this aqueous solution is irradiated with the Y rays or the 
electron rays, a textile product with a much higher antibacte 
rial property and much higher resistance against washing can 
be obtained. 
0041. The invention according to claim 6 is the antibacte 
rial treatment method for fiberaccording to any one of claims 
1 through 5 in which the Y rays or the electron rays are 
irradiated under a condition of an absorbed dose of 1 J/kg or 
O. 

0042. In order to definitely cause the reduction reaction of 
the noble metal ion, the Y rays or the electron rays are irradi 
ated preferably under the condition of an absorbed dose of 1 
J/kg (= 1 Gy) or more. Also, in order to suppress the harmful 
effect of the Y rays or the electron rays on the fiber for pre 
venting the change in the texture, the absorbed dose is pref 
erably 1,000,000 J/kg or less. The absorbed dose is more 
preferably 1 through 1,000,000 J/kg, and most preferably 100 
through 100,000 J/kg. 
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0043. In particular, when the Y rays are used as the radia 
tion, the Y rays are irradiated preferably under a condition of 
a dose of 1 Gy or more. As a specific preferable example of the 
Y irradiation, a cobalt-60 y radiation source (with energy of Y 
ray photon of 1.25 MeV) is used as a radiation source, so as to 
perform the irradiation under conditions of a dose rate of 
approximately 3 kGy/h and irradiation time of 1 through 18 
hours. 
0044) The invention according to claim 7 is the antibacte 

rial treatment method for fiber according to any one of claims 
1 through 5 in which the noble metal is silver and the irradia 
tion with the Y rays or the electron rays is performed under a 
condition of an absorbed dose of 10 through 50000 J/kg. 
0045. When the fiber immersed in a silver ion aqueous 
Solution oran aqueous solution containing a silver complex is 
irradiated with the Y rays or the electron rays at an absorbed 
dose of 10 through 50000 J/kg, a textile product with a higher 
antibacterial property and higher resistance against washing 
can be obtained. 
0046. The invention according to claim 8 is the antibacte 

rial treatment method for fiber according to any one of claims 
1 through 7 in which the aqueous Solution containing the 
noble metalion or the noble metal complex further comprises 
at least one additive selected from the group consisting of a 
water-soluble polymer, a Surface active agent and an organic 
solvent. 
0047. In the invention of claim 8, when at least one addi 
tive selected from the group consisting of a water-soluble 
polymer, a surface active agent and an organic solvent is 
added to the aqueous solution containing the noble metalion 
or the noble metal complex, the rate of the reduction reaction 
of the noble metalion can be increased, or the size or the like 
of the noble metal nanoparticles to be deposited can be 
adjusted. 
0048. When irradiated with the radiation, through colli 
sion with a photon, or the like, with very high energy the 
additive produces a radical. It seems that this radical increases 
the rate of the reduction reaction of the noble metal ion or 
adjusts the size or the like of the particles. 
0049 Preferable examples of the additive include a water 
soluble polymer Such as polyvinyl alcohol, a Surface active 
agent, alcohols, ethers such as tetrahydrofuran, diethyl ether 
and diisopropyl ether, polyols such as alkylene glycol, poly 
alkylene glycol, monoalkyl ether or dialkyl ether of these 
glycols, and glycerin, carboxylic acids such as formic acid, 
acetic acid, propionic acid, lactic acid and glycolic acid, and 
ketones such as acetone and methyl ethyl ketone. 
0050. The invention according to claim 9 is a method for 
producing antibacterial fiber comprising the antibacterial 
treatment method for fiber according to any one of claims 1 
through 8. 
0051. The invention according to claim 10 is a method for 
producing antibacterial fiber in which fiber is immersed in an 
aqueous Solution containing a noble metal ion or a noble 
metal complex and the aqueous solution is irradiated with Y 
rays or electron rays. 
0052 According to the invention of claim 9 or 10, noble 
metal nanoparticles with an antibacterial property can be 
firmly adhered to the fiber easily at low cost without using a 
resin binder. Hence, antibacterial fiber with high resistance 
against washing can be produced at low cost. 
0053. The invention according to claim 11 is an antibac 

terial fiber produced by the method for producing antibacte 
rial fiber according to claim 9 or 10. 
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0054. In the invention of claim 11, since the antibacterial 
fiber is produced by the method for producing antibacterial 
fiber according to claim 9 or 10, noble metal nanoparticles 
with an antibacterial property are firmly adhered to the fiber 
easily at low cost without using a resin binder. Hence, anti 
bacterial fiber with high resistance against washing can be 
produced at low cost. 

EFFECTS OF THE INVENTION 

0055 According to the present invention, antibacterial 
metal nanoparticles can be made to firmly adhere to the Sur 
face of fiber easily at low cost without using a resin binder, 
and hence, antibacterial fiber with high resistance against 
washing can be provided. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0056. Now, an embodiment of the invention will be 
described with reference to examples. It is noted that the 
invention is not limited to the embodiment described below. It 
is possible to make various modifications on the embodiment 
described below within a range the same as or equivalent to 
the present invention. 

1. Example 1 and Comparative Example 1 

0057. In Example 1 and Comparative Example 1, silver 
was used as the noble metal for the antibacterial treatment, 
and the thus attained antibacterial performance was com 
pared with that of a commercially available cloth of antibac 
terial silver fiber. 

a. Example 1 

(1) Preparation of Antibacterial Fiber Sample 

0.058 Asilver nitrate aqueous solution obtained by adding 
silver nitrate to 800 mL of water so as to attain a concentration 
of 0.1 mM was put in a 1-L plastic bottle, and 8 mL of 
2-propanol was further added thereto for accelerating the 
reduction reaction of silver ions. In the thus obtained aqueous 
solution, 8.6 mg of silver is present in the form of ions. 
0059 A commercially available cotton cloth (with a size 
of 50 cmx50 cm) was immersed in the resultant aqueous 
solution, and the plastic bottle was sealed and irradiated with 
cobalt-60 y rays by using cobalt-60 y irradiation equipment 
with stirring under the following conditions: 
0060 Radiation Source: Cobalt-60 Y source (with energy 
ofy ray photon of 1.25 MeV) 
0061 Source Strength: approximately 7000 curie 
0062 Dose Rate: 3 kGy/h 
0063. Irradiation Time: 2 hours 
0064. Thereafter, the cotton cloth was taken out of the 
plastic bottle, washed with water and dried, and thus, an 
antibacterial fiber sample of Example 1 having silver nano 
particles adhered to the surface of fiber was obtained. 

b. Comparative Example 1 

0065. A commercially available cloth of antibacterial sil 
ver fiber (trade name: Ag fresh processing, manufactured by 
Nisshin Boseki Co., Ltd.) was used as an antibacterial fiber 
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sample of Comparative Example 1 without Subjecting it to 
any particular treatment such as irradiation with the Y rays. 

c. Performance Evaluation 

Antibacterial Performance Test 

0066 Each sample obtained in Example 1 and Compara 
tive Example 1 was divided into two pieces, one of which was 
directly used as a sample (hereinafter referred to as a “sample 
with 0 washing) and the other of which was washed 10 times 
(hereinafter referred to as a “sample with 10 washing). The 
washing was performed in accordance with the attached table 
No. 103 for line dry of JIS L0217 (Care Symbols and Care 
Labeling for Handling of Textiles), and a JAFET standard 
detergent (with a neutral property; a nonionic Surface active 
agent) was used as a detergent. 
0067. Thereafter, each of the samples (i.e., the sample with 
0 washing and the sample with 10 washing) was Subjected to 
an antibacterial test. The antibacterial test was performed by 
inoculating a prescribed number of fungi (with a viable cell 
count A) in each sample and measuring a viable cell count 
Cattained after cultivation of 18 hours, and the antibacterial 
performance is obtained by comparing the viable cell count 
C with a viable cell count Battained after the cultivation of 
18 hours in a non-processed sample (i.e., a standard cloth) not 
subjected to an antibacterial treatment. (Specifically, a differ 
ence in a logarithm value between Band C is expressed as 
a bacteriostatic activity value: Bacteriostatic activity 
value-log B-log C.) This test method is specifically pro 
vided in JIS L1902 (Antibacterial Test Method for Textiles 
(quantitative method: bacterial culture absorbing method), 
and Staphyloccus aureus ATCC 6538P (Yellow staph) was 
used as the test fungi. 
0068. In the aforementioned test, the test fungi were 
inoculated by dropping, onto each sample, a test fungi sus 
pension containing 0.05% of a nonionic Surface active agent, 
and the viable cell count was measured by pour plate method. 
0069. The test was carried out in Japan Textile Products 
Quality and Technology Center (which also applies to 
examples described below). 
0070. The test results are shown in Table 1 together with 
data of the non-processed sample. 

TABLE 1. 

Non-processed immediately after 4.2 
sample inoculation, Log A 

after cultivation of 18 7.5 
hours, Log B 

Sample Bacteriostatic activity value 

Example 1 O washing 4.7 or more 
After 10 washing 4.6 

Comparative O washing 4.7 or more 
Example 1 After 10 washing 3.2 

0071. It is understood from Table 1 that the resistance 
against washing is better in Example 1 than in Comparative 
Example 1. 

2. Examples 2 through 5 

0072. In the following examples, silver ions were used as 
the noble metal ions, and the relationship between the con 
centration and the antibacterial property was tested. 
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(0073 (1) Preparation of Samples 
0074 Asilver nitrate aqueous solution obtained by adding 
silver nitrate to 1 L of water so as to attain each concentration 
shown in Table 2 was put in a vessel, and 1 vol% of 2-pro 
panol was further added thereto for accelerating the reduction 
reaction of silver ions. 
0075. A commercially available cotton cloth (with a size 
of 50 cmx50 cm) was immersed in each of the resultant 
aqueous solutions, and the vessel was sealed and irradiated 
with cobalt-60 y rays at an absorbed dose of 10 kGy (10000 
J/kg) by using the same cobalt-60 y irradiation equipment as 
in Example 1. It is noted that the aqueous solution was not 
stirred during the irradiation. Thereafter, the cotton cloth was 
taken out of the vessel, washed with water and dried to obtain 
a sample of each of Examples 2 through 5 having silver 
nanoparticles adhered to the surface of the fiber. 
(0076 (2) Performance Evaluation (Antibacterial Perfor 
mance Test) 
0077. Each of the samples of Examples 2 through 5 thus 
obtained was subjected to the antibacterial performance test 
in the same manner as in Example 1. The test results are 
shown in Table 2 together with the data of the non-processed 
sample. 

TABLE 2 

Non-processed immediately after 4.1 
sample inoculation, Log A 

after cultivation of 18 7.2 
hours, Log B 

Concentration of Bacteriostatic activity value 

silver nitrate After 10 
Example (silver ions) (mM) O washing washing 

2 O.O1 4.4 or more 2.7 
3 O.1 4.4 or more 4.1 
4 1 4.4 or more 4.3 
5 10 4.4 or more 4.2 

0078. It is understood from the test results shown in Table 
2 that the samples of all Examples 2 through 5 are good at the 
antibacterial performance because their bacteriostatic activ 
ity values obtained with 0 washing were all more than 4. Also, 
when the silver ion concentration is 0.1 mM or more (as in 
Examples 3 through 5), the bacteriostatic activity values were 
more than 4 even after 10 washing, and thus, it is understood 
that the samples of these examples are good at the resistance 
against washing. When the silver ion concentration is 0.01 
mM (as in Example 2), the bacteriostatic activity value 
attained after 10 washing is lowered to 2.7, but it is still a 
satisfactory value as the antibacterial performance. 

3. Examples 6 through 10 
0079. In the following examples, silver ions were used as 
the noble metal ions, and the relationship between the 
absorbed dose and the antibacterial property was tested. 
0080 (1) Preparation of Samples 
I0081. A silver nitrate aqueous solution obtained by adding 
silver nitrate to 1 L of water was put in a vessel, and 1 vol% 
of 2-propanol was further added thereto for accelerating the 
reduction reaction of silver ions. 
I0082. A commercially available cotton cloth (with a size 
of 50 cmx50 cm) was immersed in the resultant aqueous 
solution, and the vessel was sealed and irradiated with cobalt 
60 y rays at each absorbed dose shown in Table 3 by using the 
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same cobalt-60 y irradiation equipment as in Example 1. It is 
noted that the aqueous solution was not stirred during the 
irradiation. Thereafter, the cotton cloth was taken out of the 
vessel, washed with water and dried to obtain a sample of 
each of Examples 6 through 10 having silver nanoparticles 
adhered to the surface of the fiber. 
I0083 (2) Performance Evaluation (Antibacterial Perfor 
mance Test) 
0084 Each of the samples of Examples 6 through 10 thus 
obtained was subjected to the antibacterial performance test 
in the same manner as in Example 1. The test results are 
shown in Table 3 together with the data of the non-processed 
sample. 

TABLE 3 

Non-processed immediately after 4.1 
sample inoculation, Log A 

after cultivation of 18 7.1 
hours, Log B 

Bacteriostatic activity value 

Absorbed After 10 
Example dose (J/kg) O washing washing 

6 10 4.3 or more 4.2 
7 100 4.3 or more 4.3 or more 
8 1OOO 4.3 or more 4.3 or more 
9 1OOOO 4.3 or more 4.3 or more 
10 1OOOOO 4.3 or more 4.3 or more 

0085. It is understood from the test results shown in Table 
3 that the samples of Examples 6 through 10 are good at the 
antibacterial performance and the resistance against washing 
even when the absorbed dose is small because their bacterio 
static activity values are all more than 4 with 0 washing and 
after 10 washing. When the absorbed dose was 100000 J/kg 
(100 kGy) (as in Example 10), the texture (specifically, the 
appearance and the feel) of the fiber was slightly changed. 

4. Example 11 
I0086. In this example, gold was used as the noble metal 
instead of silver, and the influence of the difference in the kind 
of noble metal on the antibacterial performance was tested. 
I0087 (1) Preparation of Samples 
0088 A gold ion aqueous solution with a gold ion concen 

tration of 0.1 mM is prepared from 1 L of water, and the 
solution was put in a vessel. Thereto, 1 vol% of 2-propanol 
was further added for accelerating the reduction reaction of 
gold ions. 
0089. A commercially available cotton cloth (with a size 
of 50 cmx50 cm) was immersed in the resultant aqueous 
solution, and the vessel was sealed and irradiated with cobalt 
60 y rays at an absorbed dose of 1 kGy (1000 J/kg) by using 
the same cobalt-60 y irradiation equipment as in Example 1. 
It is noted that the aqueous solution was not stirred during the 
irradiation. Thereafter, the cotton cloth was taken out of the 
vessel, washed with water and dried to obtain a sample of 
Example 11 having gold nanoparticles adhered to the Surface 
of the fiber. 
0090 (2) Performance Evaluation (Antibacterial Perfor 
mance Test) 
0091. The sample of Example 11 thus obtained was sub 
jected to the antibacterial performance test in the same man 
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ner as in Example 1. As a result, a bacteriostatic activity value 
of 1.6 was attained with 0 washing and a bacteriostatic activ 
ity value of 0.9 was attained after 10 washing. Thus, it was 
found that the antibacterial performance was not as high as 
that attained by using silver (as in Example 8). 
0092. As described so far, by the simple and low-cost 
antibacterial treatment method for fiber of this invention in 
which fiber is immersed in an aqueous solution containing a 
noble metal ion or a noble metal complex and the aqueous 
Solution is irradiated with Y rays or electron rays, antibacterial 
fiber with high resistance against washing can be obtained at 
low cost. 

1. An antibacterial treatment method for fiber in which 
fiber is immersed in an aqueous solution containing a noble 
metalion or a noble metal complex, and the aqueous Solution 
is irradiated with Y rays or electron rays so as to cause depo 
sition of noble metal nanoparticles in the vicinity of fiber 
Surface and to make the deposited noble metal nanoparticles 
to adhere to the surface of the fiber. 

2. The antibacterial treatment method for fiber according to 
claim 1 in which a noble metal used for making up the noble 
metal ion or the noble metal complex is at least one noble 
metal selected from the group consisting of gold, silver, plati 
num, palladium, ruthenium, rhodium, iridium and rhenium. 

3. The antibacterial treatment method for fiber according to 
claim 1 or 2 in which the concentration of the noble metalion 
or the noble metal complex in the aqueous solution containing 
the noble metal ion or the noble metal complex is 1 uM 
through 1M. 

4. The antibacterial treatment method for fiber according to 
claim 1 or 2 in which the noble metal is silver and the con 
centration of a silver ion or a silver complex in the aqueous 
solution is 0.005 through 10 mM. 

5. The antibacterial treatment method for fiber according to 
claim 4 in which the noble metal is silver and the concentra 
tion of a silver ion or a silver complex in the aqueous Solution 
is 0.01 through 10 mM. 

6. The antibacterial treatment method for fiber according to 
claim 1 in which the Y rays or the electron rays are irradiated 
under a condition of an absorbed dose of 1 J/kg or more. 

7. The antibacterial treatment method for fiber according to 
claim 1 in which the noble metal is silver and the irradiation 
with the Y rays or the electron rays is performed under a 
condition of an absorbed dose of 10 through 50000 J/kg. 

8. The antibacterial treatment method for fiber according to 
claim 1 in which the aqueous solution containing the noble 
metal ion or the noble metal complex further comprises at 
least one additive selected from the group consisting of a 
water-soluble polymer, a Surface active agent and an organic 
solvent. 

9. A method for producing antibacterial fiber comprising 
the antibacterial treatment method for fiber according to 
claim 1. 

10. A method for producing antibacterial fiber in which 
fiber is immersed in an aqueous solution containing a noble 
metalion or a noble metal complex and the aqueous Solution 
is irradiated with Y rays or electron rays so as to cause depo 
sition of noble metal nanoparticles in the vicinity of fiber 
Surface and to make the deposited noble metal nanoparticles 
to adhere to the surface of the fiber. 

11. (canceled) 


