EP 1978 151 A1

(1 9) Européisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 1978 151 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
08.10.2008 Bulletin 2008/41

(21) Application number: 07706744.5

(22) Date of filing: 15.01.2007

(51) IntCl.:

A41D 7/00 (2006.01)
DO6M 15/423 (2006.01)

DO6M 13/355 (2006.01)
DO6M 15/277 (2006.01)

(86) International application number:

PCT/JP2007/050410

(87) International publication number:

WO 2007/083596 (26.07.2007 Gazette 2007/30)

(84) Designated Contracting States:

ATBEBG CHCY CZDE DKEE ES FIFR GB GR

HUIEISITLILT LU LV MC NL PL PT RO SE SI
SK TR

(30) Priority: 18.01.2006 JP 2006009667
02.06.2006 JP 2006154361

(71) Applicant: TORAY INDUSTRIES, INC.
Tokyo 103-8666 (JP)

(72) Inventors:
¢ SEKI, Masao
Kusatsu-shi, Shiga 525-0056 (JP)
« KARASAWA, Rumi
Otsu-shi, Shiga 520-2141 (JP)

¢ ABE, Wataru
Otsu-shi, Shiga 520-0842 (JP)
¢ SHIMIZU, Toshiaki
Hikone-shi, Shiga 522-0046 (JP)
« KAWASAKI, Takashi
Osaka-shi, Osaka 534-0025 (JP)
* SATO, Masanobu
Otsu-shi, Shiga 520-2152 (JP)

(74) Representative: Webster, Jeremy Mark et al

Mewburn Ellis LLP
York House

23 Kingsway
London

WC2B 6HP (GB)

(54) FIBROUS STRUCTURE

(57)  [Problem to be solved] To stably supply a fiber
structure having excellent washing durability, water/oil
repellency and antifouling properties.

[Solution] A fiber structure characterized in that each
of the single fibers used in it is covered, on the surface
thereof, with a resin film containing an organic fluoro-
chemicals via a resin film containing a triazine ring-con-

taining compound or containing an organic fluorochem-
icals and a triazine ring-containing compound, and that
said fiber structure has a water repellency level of grade
4 or higher and an oil repellency level of grade 4 or higher
after 20 times of washing.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a fiber structure having durable water repellency, oil repellency and antifouling
properties.

BACKGROUND ART

[0002] As conventional methods for letting fabrics, etc. formed of synthetic fibers, natural fibers and mixed fibers
thereof have water repellency and oil repellency, many methods are used for treating the fabrics with fluorine-based
compounds, silicone-based compounds, etc.

[0003] Inrecentyears, consumers’ demands for water repellency and oil repellency performance are growing sharply.
Especially demands for clothes with excellent washing durability are strong in the field of sporting wear such as wind-
breakers, golf wear and ski wear, and demands for clothes with antifouling properties, especially food contamination
resistance and washing removability of deposited contamination in addition to durable water repellency and oil repellency
are growing in the field of ladies’ wear such as coats, blouses, slacks and skirts and in the field of uniform wear such as
working clothes and uniforms.

[0004] Means for letting fiber fabrics have water repellency and oil repellency durable against laundering include a
method of mixing an isocyanate-based compound (Patent Document 1), a method of treating with an isocyanate-based
compound and subsequently treating with a water repellent (Patent Document 2), a method of treating with a compound
containing a polymerizable vinyl group and a condensable methylol group (Patent Document 3), a method of treating
with an aqueous fluorine-based water/oil repellent and subsequently treating with a solvent-based fluorine-based water/oil
repellent (Patent Document 4), a method of enhancing abrasion resistance during washing (Patent Document 5), etc.
However, these methods are insufficient in washing durability and no method additionally assuring antifouling properties
has been proposed.

[0005] Further, swimwear are also often requested to have water repellency and oil repellency (Patent Documents 6
and 7), and especially swimwear for swimming races, etc. are provided for the purpose of decreasing resistance, while
general swimwear are provided for the purpose of decreasing energy loss with less water wettability in view of health.
However, on a sandy beach, etc., in the case where a non-water repellent swimsuit or a slightly water repellent swimsuit
or the like is worn, if the swimsuit and/or the sand is wet, there arises a problem of appearance, since the sand adheres
to the swimsuit. Further, some sand not only temporarily adheres, but also penetrates into the clearances of the texture
of the woven or knitted fabric, to raise such a problem that even if the fabric is washed, the sand cannot be removed.
However, no proposal has been made with attention paid to this problem.

Patent Document 1: JP 54-133486A
Patent Document 2: JP54-139641A
Patent Document 3: JP59-130374A
Patent Document 4: JP60-151380A
Patent Document 5: JP7-216749A
Patent Document 6: JP11-279810
Patent Document 7: JP2002-294563A

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] In view of the prior art background as described above, the object of this invention is to provide a fiber structure
having excellent water repellency, oil repellency and antifouling properties, these properties are durable after washing.

MEANS FOR SOLVING THE PROBLEMS

[0007] This invention employs the following means for solving the abovementioned problems.
(1) A fiber structure characterized in that each of the single fibers used it is covered, on the surface thereof, with a
resin film containing an organic fluorochemicals via a resin film containing a triazine ring-containing compound or

a resin film containing an organic fluorochemicals and a triazine ring-containing compound, and that said fiber
structure has a water repellency level of grade 4 or higher and an oil repellency level of grade 4 or higher after 20
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times of washing.

(2) A fiber structure, according to the abovementioned (1), wherein the thickness of said resin film containing a
triazine ring-containing compound or said resin film containing an organic fluorochemicals and a triazine ring-con-
taining compound is 5 to 100 nm.

(3) A fiber structure, according to the abovementioned (1) or (2), wherein said resin film containing an organic
fluorochemicals contains a triazine ring-containing compound and/or an isocyanate-based compound.

(4) A fiber structure, according to any one of the abovementioned (1) through (3), wherein said fiber structure has
acontamination resistance level of grade 3 or higher and a washing removability level of grade 3 or higher, respectively
against food contamination after 20 times of washing.

(5) A fiber structure, according to any one of the abovementioned (1) through (3), wherein said fiber structure has
acontamination resistance level of grade 3 or higher and a washing removability level of grade 4 or higher, respectively
against Indian ink contamination after 20 times of washing.

(6) A fiber structure, according to any one of the abovementioned (1) through (3), wherein said fiber structure has
a sand deposition preventability level of grade 3 or higher after 20 times of washing.

(7) A fiber structure, according to any one of the abovementioned (1) through (3), wherein said fiber structure has
a mud contamination removability level of grade 4 or higher after 20 times of washing.

(8) Swimwear comprising the fiber structure as set forth in the abovementioned (6).

(9) Swimwear, according to the abovementioned (8), wherein the fabric uses polyurethane-based elastic yarns
and/or polytrimethylene terephthalate fibers at least partially.

EFFECTS OF THE INVENTION

[0008] According to this invention, since each fiber is covered, on the surface thereof, with a fluorine-based water/oil
repellent compound layer via a very thin polymerization film, or with a very thin polymerization film containing a fluorine-
based water/oil repellent compound, a fiber structure having durable water/oil repellency for washing and durable anti-
fouling properties for washing can be stably supplied.

[0009] The multifunctional fiber structure of this invention can be effectively used especially for sporting wear appli-
cation, uniform wear application, casual wear application, general wear application, bedclothes application, interior
application, etc.

THE BEST MODES FOR CARRYING OUT THE INVENTION

[0010] The inventors made an intensive study on the aforementioned problems, namely, to provide all the functions
of excellent durable water repellency, oil repellency and antifouling properties, and as a result found that said problems
could be solved all at once by covering each single fiber, on the surface thereof, with a resin film containing an organic
fluorochemicals via a resin film containing a triazine ring-containing compound in layers, or by covering each single fiber,
on the surface thereof, with a resin film containing an organic fluorochemicals and a triazine ring-containing compound.
[0011] The fiber materials used for the fiber structure of this invention include synthetic fibers such as polyethylene
terephthalate, polypropylene phthalate, polybutylene terephthalate, etc., aromatic polyester-based fibers obtained by
copolymerizing the foregoing with an other ingredient, aliphatic polyester-based fibers typified by those with L-lactic acid
as a main component, polyamide-based fibers such as nylon 6 and nylon 66, acrylic fibers with polyacrylonitrile as a
main component, polyolefin-based fibers such as polyethylene and polypropylene and polyvinyl chloride-based fibers,
semi-synthetic fibers such as acetate and rayon, natural fibers such as cotton, silk and wool, etc. In this invention, any
of these types of fibers can be used alone, or two or more of them can also be used as a mixture. However, fibers with
polyester-based fibers or polyamide-based fibers as a main component can be preferably used.

[0012] Further usable are polyurethane-based elastic yarns, polytrimethylene terephthalate yarns, conjugate yarns
typified by a bimetal structure using two or more polytrimethylene terephthalates different in viscosity, polymerization
degree, shrinkage performance, etc., conjugate yarns consisting of polymethylene terephthalate and polyethylene tereph-
thalate, etc.

[0013] The fibers used in this invention can be any of various types of fibers including ordinary flat yarns, and also
false twist textured yarns, hard twist yarns, Taslan textured yarns, filament yarns such as thick and thin yarns, combined
filament yarns, staple fibers, tow yarns, spun yarns, etc.

[0014] The fiber structure of this invention can be a fabric formed of the aforementioned fibers such as a knitted fabric,
woven fabric or nonwoven fabric, or can also be a string-like material, etc.

[0015] Inthis invention, a resin film containing a triazine ring-containing compound or a resin film containing an organic
fluorochemicals and a triazine ring-containing compound is formed on the surfaces of single fibers composed of any of
the abovementioned materials. That is, a resin film containing a triazine ring-containing compound as an essential
component or a resin film containing an organic fluorochemicals and a triazine ring-containing compound as essential
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components is formed on the surfaces of single fibers.

[0016] The triazine ring-containing compound of this invention is a compound containing a triazine ring and at least
two polymerizable functional groups, and examples of it include those represented by the following general formula.

[Chemical formula 1]

SN\
|
N\C/\l

l
RO

R1— R2

In the above formula, RO to R2 denote, respectively independently, -H, -OH, -CgHs, -C,oHong+1 (N0 = 1 to 2),
-COOC,1Hsn14+¢ (n1 = 1 to 20), -CONR3R4, or -NR3R4 [where R3 and R4 denote, respectively independently, -H,
-OCn3Hy341, -OC3Ho0344, -CH,COOC 5Hy0344 (N3 = 1 to 20), -CH,0OH, -CH,CH,0H, -CONH,, or -CONHCH,OH-
0O-(X-0),4-R6 {X denotes C,H,, CsHg, or C4Hg, (N4 = 1 to 1500), and R5 denotes -H, -CH4 or -C5H-}].

[0017] Inaddition to those represented by the abovementioned general formula, the ethylene urea copolymer, dimeth-
ylol urea copolymer, dimethylol thiourea copolymer, acid colloid, etc. of any of the abovementioned compounds can also
be used.

[0018] The method for forming the resin film containing a triazine ring-containing compound or the resin film containing
an organic fluorochemicals and a triazine ring-containing compound (hereinafter called the resin film containing a triazine
ring-containing compound, etc.) of this invention is as described below.

[0019] An aqueous liquid consisting of a monomer and a catalyst for forming the abovementioned resin film is applied
to fibers and heat-treated for polymerization.

[0020] The catalyst can be an acid such as acetic acid, formic acid, acrylic acid, malic acid, tartaric acid, maleic acid,
phthalic acid, sulfuric acid, persulfuric acid, hydrochloric acid or phosphoric acid, and any one or more of them can be
used. Above all, ammonium persulfate and potassium persulfate can be preferably used. It is preferred that the amount
of the catalyst used is 0.1 to 20 wt% based on the weight of the monomer used.

[0021] The heat treatment for the polymerization is preferably dry heat treatment or steam heat treatment at a tem-
perature of 50 to 180°C for 0.1 to 30 minutes. Steam heat treatment allows a uniform film to be formed more easily on
the surfaces of single fibers, and after completion of film formation, the touch is soft. For the steam heat treatment,
preferably saturated water vapor or superheated water vapor of 80 to 160°C is used. More preferably in the case of
saturated water vapor, saturated water vapor of 90 to 130°C is used, or superheated water vapor with a temperature of
11010 160°C is used. In either case, the treatment is performed for several seconds to several minutes. After completion
of the steam heat treatment, it is preferred to wash with hot water at a temperature of 50 to 95°C or with a nonionic
surfactant and sodium carbonate for removing the unreactive monomer and the catalyst and for assuring color fastness.
It is preferred that the deposited amount of the resin containing a triazine ring-containing compound, etc. is 0.5 to 5 wt%
based on the weight of the fibers, and a more preferred range is 1 to 3 wt%.

[0022] In this invention, in the case where a resin film containing an organic fluorochemicals and a triazine ring-
containing compound is formed, a mixed solution consisting of a triazine ring-containing compound and an organic
fluorochemicals can be used for treatment as described before, to form the film. It is preferred that the mixing ratio by
weight of said triazine ring-containing compound and said organic fluorochemicals (triazine ring-containing compound/
organic fluorochemicals) is 1/0.001 to 1. However, it is preferred that the mixing ratio is decided to achieve a water
repellency level of grade 3 or lower, preferably grade 2 or lower in the case where drying and heat treatment are performed
after completion of film formation, lest the wettability and impregnability of the organic fluorochemicals used for treatment
in succession to the abovementioned treatment should be impaired. The organic fluorochemicals can be a compound
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identical with or different from the fluorine compound used in the organic fluorochemicals-containing resin film formed
in succession to the abovementioned treatment.

[0023] It is preferred that the thickness of the resin film containing a triazine ring-containing compound, etc. of this
invention as observed with a transmission electron microscope (TEM) at a magnification of 100,000x is 5 to 100 nm. If
the film is formed by the abovementioned forming method, the film formed has such a thickness. In this invention, the
resin film containing a triazine ring-containing compound, etc. can contain inorganic particles. The inorganic particles
can be aluminum oxide, silicon oxide, titanium oxide, kaolinite, talc, calcium carbonate, calcium silicate or magnesium
oxide, etc. Any one of them can be used alone or two or more of them can also be used as a mixture. It is preferred that
the number average particle size of said particles is 5 to 400 nm, and it is more preferred to use those of 10 to 100 nm.
It is preferred that the inorganic particles are used in the state of an aqueous dispersion. The inorganic particles of this
invention can be mixed with an aqueous polymerizable monomer solution, when used. A preferred mixing ratio by weight
to the polymerizable monomer is 0.03-1.0 with the monomer as 1. A more preferred range is 0.05 to 0.5. If said particles
are mixed, the capability to form the resin film containing a triazine ring-containing compound, etc. can be enhanced
and a tough film can be formed. So, the durability can be further enhanced. When the film of this invention is formed,
other compounds, for example, a water absorbent, moisture absorbent, ultraviolet light absorber, photostabilizer, lubri-
cant, antislipping agent, organic particles, antistatic agent, deodorizer, antimicrobial agent, flame retarder, colorant, color
deepening agent, water repellent, oil repellent, antifouling agent, etc. can be added to such an extent that the effects of
this invention are not impaired.

[0024] In this invention, a resin film containing an organic fluorochemicals is formed on the abovementioned resin film
containing a triazine ring-containing compound, etc. The organic fluorochemicals can be exemplified by the acrylic
compounds containing a perfluoroalkyl group represented by the following general formula.

[Chemical formula 2]

R1
- —(CH2—C)n—
(T‘—O—Rf

O

In the above formula, R1 denotes a hydrogen atom or lower alkyl group; Rf denotes a group having a perfluoroalkyl
group represented by C,,F,,+4 and atleast one group selected from hydroxyl group and unsaturated groups; m denotes
an integer of 1 to 20; and n denotes an integer of 10 to 200.

[0025] The organic fluorochemicals can be a polymer or copolymer consisting of one or more compounds represented
by the abovementioned general formula, or a copolymer with a polymerizable compound other than the abovementioned
compounds such as acrylic acid, methacrylic acid, styrene, vinyl chloride-based compound or polyethylene glycol.
[0026] The method for forming the resin film containing an organic fluorochemicals can comprise the steps ofimmersing
the fiber structure having the triazine ring-containing compound film formed thereon into an aqueous liquid or a solvent-
based liquid, mangling with a mangle, etc. to achieve the intended deposited amount, drying suitably at a temperature
of 100 to 150°C, heat-treating suitably at a temperature of 160 to 190°C or immersing in a diluent at a temperature of
60 to 130°C to let the surfaces of fibers adsorb.

The method is not limited to this method. It is preferred that the deposited amount of the organic fluorochemicals-
containing resin is 0.1 to 8 wt% based on the weight of the fibers. A more preferred range is 0.5 to 4 wt%. It is preferred
that said organic fluorochemicals forms a film layer containing at least one of triazine ring-containing compounds and
isocyanate-based compounds. The triazine ring-containing compound used can be identical with or different from the
compound used for forming the aforementioned film. As the isocyanate-based compound, a compound having two or
more isocyanate groups blocked by sodium sulfite or oxime-based compound such as methyl ethyl ketone oxime can
be used. Further, other compounds, for example, a water absorbent, moisture absorbent, ultraviolet light absorber,
photostabilizer, lubricant, antislipping agent, inorganic particles, organic particles, antistatic agent, deodorizer, antimi-
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crobial agent, flame retarder, colorant, color deepening agent, water repellent, oil repellent, antifouling agent, etc. can
be added to such an extent that the effects of this invention are not impaired.

[0027] The fiber structure of this invention has a water repellency level of grade 4 or higher and an oil repellency level
of grade 4 or higher after 20 times of washing. The organic fluorochemicals per se is not directly fixed to the fibers, but
is fixed via the resin film containing a triazine ring-containing compound, etc., or the organic fluorochemicals contained
together with the triazine ring-containing compound in the resin is fixed to the single fibers, to greatly enhance the
washing durability of the organic fluorochemicals. Thus, the fiber structure exhibits high performance of grade 4 or higher
in water repellency and oil repellency even after 20 times of washing.

[0028] Further, owing to a thin film structure in which the thickness of the resin film containing a triazine ring-containing
compound, etc. is 5 to 100 nm, the coming-off of the resin due to washing can be further inhibited to remarkably enhance
the washing durability. Because of such high water repellency and oil repellency, the fiber structure of this invention has
excellent antifouling properties.

[0029] The fiber structure of this invention has a contamination resistance level, namely, a contamination impervious-
ness level of grade 3 or higher and a washing removability level of grade 3 or higher, respectively against food contam-
ination after 20 times of washing. A uniform film of an organic fluorochemicals and a triazine ring-containing compound
is formed on the fibers, to provide performance of grade 4 or higher in water repellency and oil repellency after 20 times
of washing, and exhibits performance of grade 3 or higher in contamination resistance and grade 3 or higher in washing
removability, respectively against food contamination consisting of a water and oil mixture.

[0030] Furthermore, the fiber structure of this invention has a contamination resistance level, namely, a contamination
imperviousness level of grade 3 or higher and a washing removability level of grade 4 or higher, respectively against
Indian ink contamination. Since Indian ink contains carbon and glue and is a highly adhesive substance, it has a nature
of being adhesive and stubbornly sticky. However, as described above, since an organic fluorochemicals and a triazine
ring-containing compound form a uniform film on the fibers, the fiber structure has performance of grade 4 or higher in
water repellency and oil repellency after 20 times of washing, and exhibits performance of grade 3 or higher in contam-
ination resistance and grade 4 or higher in washing removability, respectively also against Indian ink contamination.
[0031] Moreover, the fiber structure of this invention has a sand deposition preventability level, namely, a sand im-
perviousness level of grade 3 or higher after 20 times of washing.

[0032] If the fiber structure is worn as swimwear, for example, on a sandy beach, etc., sand is little deposited on the
swimwear, since the fiber structure has performance of grade 4 or higher in water repellency after 20 times of washing,
to exhibit a higher sand deposition preventive effect. Further, considering the sand covered with sun oil and the sun oll
per se deposited on the swimwear, high oil repellency is also required. Since the fiber structure of this invention has
performance of grade 4 or higher in oil repellency after 20 times of washing, a fiber structure having a sand deposition
preventability level of grade 3 or higher can be obtained. Therefore, the fiber structure of this invention can be suitably
used as swimwear.

[0033] Furthermore, the fiber structure of this invention has a mud contamination removability level of grade 4 or higher
after 20 times of washing. Mud in the state of containing water and oil is often rubbed into clothes when it is deposited
on the clothes in daily life or during sporting activities. In such a case, since an organic fluorochemicals and a triazine
ring-containing compound are used to form a uniform film on the fibers in this invention, the fiber structure has a water
repellency level and an oil repellency level of grade 4 or higher respectively. Therefore, it can be prevented that mud
contamination is directly deposited on the fibers, to enhance the mud contamination resistance, for providing a fiber
structure with a removability level of grade 4 or higher.

EXAMPLES

[0034] This invention is explained below in detail in reference to examples, but is not limited thereto or thereby.
Meanwhile, various properties in the examples were evaluated according to the following methods.

Water repellency

[0035] The water repellency was measured by the spray method specified in JIS L 1092 "Testing methods for water
resistance of textiles" (1998).

Oil repellency

[0036] The oil repellency was measured by the method specified in AATCC TM-1966.
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Antifouling properties

1. The food contamination resistance and Indian ink contamination resistance were evaluated according to the following
methods.

(1) Contaminants

A. Food contaminants

(a) Liquids

[0037]

e  Worcester sauce (Kagome Worcester Jojuku) was used at room temperature.

[0038] - Coffee (Nescafe Gold Blend/Bright/Sugar) was used at 90°C.

[0039] - Soy sauce (Kikkoman) was used at room temperature.

[0040] <« Sesame oil (Kadoya Pure Sesame Qil) was used at room temperature.
[0041] (b) Paste

e Ketchup (Kagome Tomato Ketchup) was used at room temperature.
[0042] B. Indian ink

(a) Liquid

* Kuretake Seishodo Calligraphic Ink (produced by Kuretake Seishodo) was used at room temperature.
(2) Testing procedure

[0043] (a) 10 cm x 10 cm specimens were prepared.

[0044] (b) A specimen was placed on a 10 cm x 10 cm glass sheet, and a contaminant was dropped on the central
portion of the specimen. A 1 mm thick 5 cm x 5 cm glass sheet was placed on the contaminated specimen and a load
of 200 g was placed on the glass sheet. The test set was allowed to stand for 1 minute.

[0045] The dropped amount of each contaminant was 0.1 cc in case of liquid, or 0.1 g in case of paste.

[0046] (c) The load and the glass sheet were removed, and the specimen was moved onto filter paper and covered
with tissue paper. A roller was applied to the tissue paper, and the contamination was wiped off. The specimen was kept
horizontal and allowed to stand for 24 hours, to be naturally dried.

[0047] (d) The grade of the contamination resistance of the contaminated specimen was judged in reference to the
contamination judging gray scale for JIS color fastness, to identify the "contamination resistance."

[0048] (e) The contaminated specimen was washed in an automatic forward and reverse turning centrifugal washing
machine using 25 liters of a solution containing 0.1% of a weakly alkaline synthetic detergent in conformity with JIS K
337 at a bath ratio of 1:50 at a temperature of 40+2°C under the strong condition for 5 minutes. After draining, the
specimen was washed with cold water for 5 minutes. The washed specimen was taken out without being squeezed,
and lightly pressed with filter cloth for draining. It was kept horizontal and naturally dried.

[0049] (f) The grade of the contamination resistance of the dried specimen was judged in reference to the contamination
judging gray scale for JIS color fastness, to identify the "washing removability."

[0050] 2. Sand deposition preventability was evaluated according to the following method.

[0051] (1) A 20 x 20 cm sample was perfectly soaked in water.

[0052] The state where the sample was perfectly soaked in water refers to the state where the fabric sank in water or
where water permeated the fabric and came out from the other side of the fabric.

[0053] (2) A water repellency tester (spray method) was used, and a perfectly soaked fabric was attached to the
metallic frame.

[0054] (3) According to an ordinary water repellency testing method (spray method), water of room temperature was
poured over the fabric.

[0055] (4) Immediately after water was exhausted, dry standard sand (Toyo Dry Sand No. 6 produced by Toyo Matelan
Co., Ltd.) was sprinkled evenly over the fabric.

[0056] (5) The metallic frame was removed from the base, and one end of it was held and shaken lightly in the vertical
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direction to drop sand.
[0057] (6) After the sand was dropped, the sand remaining state was visually judged (A specimen deposited with
much sand was evaluated as grade 1, while a specimen deposited with little sand was evaluated as grade 5.)

3. Mud removability was evaluated according to the following method.
(1) Contaminant

[0058] Tuff load grains, blackish volcanic ash soil and water were ground and mixed at a ratio by weight of 1/1/1, to
prepare a contaminant.

(2) Testing procedure

[0059] (a) A 10 cm x 10 cm specimen was prepared.

[0060] (b) The specimen was placed on a 10 cm x 10 cm glass sheet, and was coated with 20 g of the contaminant
using a knife coater. The coated specimen was allowed to stand for being dried for 24 hours, and the contaminant was
knocked off by hand.

[0061] (c) The grade of the contamination resistance of the contaminated specimen was judged in reference to the
contamination judging gray scale for JIS color fastness, to identify the "contamination resistance."

[0062] (d) The contaminated specimen was washed in an automatic forward and reverse turning centrifugal washing
machine using 25 liters of a solution containing 0.1% of a weakly alkaline synthetic detergent in conformity with JIS K
337 at a bath ratio of 1:50 at a temperature of 40+=2°C under the strong condition for 5 minutes. After draining, the
specimen was washed with cold water for 5 minutes. The washed specimen was taken out without being squeezed,
and lightly pressed with filter cloth for draining. It was kept horizontal and naturally dried.

[0063] (e) The grade of the contamination resistance of the dried specimen was judged in reference to the contamination
judging gray scale for JIS color fastness, to identify the "washing removability."

Washing durability

[0064] The abovementioned food contamination resistance, washing removability, etc. were measured as the per-
formance of each fiber structure washed 20 times by the following washing method.

[0065] A specimen was washed in an automatic forward and reverse turning centrifugal washing machine using a
solution containing 0.2% of a weakly alkaline synthetic detergent in conformity with JIS K 337 at a bath ratio of 1:50 at
a temperature of 40+2°C under the strong condition for 5 minutes. After draining, the specimen was washed with cold
water for 5 minutes. This operation was performed 20 times repetitively, and the specimen was dried in air.

(Examples 1 to 7 and Comparative Examples 1 to 6)

[0066] False twist textured polyethylene terephthalate 84-decitex 72-filament yarns were used as warp threads and
weft threads and woven to form a plain weave fabric, and said woven fabric was scoured by an open soaper type
continuous scouring machine at a temperature of 95°C, washed with hot water at a temperature of 60°C, washed with
cold water, then dried at a temperature of 130°C, jet-dyed to light yellow at a temperature of 130°C, washed with hot
water, dried at 130°C, and set on a pin tenter at a temperature of 170°C, to obtain a woven fabric with a warp thread
density/weft thread density of 138/90/2.54 cm. Said dyed fabric was subjected to the following fiber surface covering
treatment and organic fluorochemicals treatment. The results of evaluating the performance of the obtained fabric are
shown in Table 1.

Fiber surface covering treatment

[0067]

(a) Beckamine M-3 (triazine ring-containing compound, solid content 80%, produced by Dainippon Ink and Chem-
icals, Inc.)

(b) F-200 (fluorine-based compound, solid content 20%, produced by Kyoken Kasei KK)

(c) NK Guard SR-108 (fluorine-based resin, solid content 20%, produced by Nicca Chemical Co., Ld.)

The dyed fabric was immersed,in an aqueous liquid in which resin (a) alone or a mixture obtained by adding (b) or (c)
to (a) at rates shown in Table 1 and 3 g/L of ammonium persulfate as a catalyst were dissolved, and the fabric was
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mangled with a mangle to have 90 wt% of the aqueous liquid deposited and was treated in saturated water vapor
atmosphere of 104°C for 5 minutes.

[0068] Then, it was washed with hot water at a temperature of 70°C, washed with cold water, dried at a temperature
of 130°C, and set on a pin tenter at a temperature of 160°C.

Organic fluorochemicals treatment

[0069]

(i) F-470 (fluorine-based compound, solid content 20%, produced by Kyoken Kasei KK)

(i) F-200 (fluorine-based compound, solid content 20%, produced by Kyoken Kasei KK)

(iii) NK Guard SR-108 (fluorine-based resin, solid content 20%, produced by Nicca Chemical Co., Ltd.)
(iv) AG-E061 (fluorine-based resin, solid content 20%, produced by Asahi Glass Co., Ltd.)

A treatment liquid was prepared by dissolving 2 g/L of Beckamine M-3 (triazine ring-containing compound, solid content
80%, produced by Dainippon Ink and Chemicals, Inc.) and 0.5 g/L of Beckamine Accelerator ACX (catalyst, solid content
35%, produced by Dainippon Ink and Chemicals, Inc.) into an aqueous liquid containing at least one of the abovemen-
tioned compounds at the rate shown in Table 1. The dyed fabric was immersed, and mangled with a mangle to have
90% of the aqueous liquid deposited, dried at a temperature of 130°C, and set on a pin tenter at a temperature of 170°C.
[0070] From Table 1, it can be seen that the fabrics in conformity with this invention had all of excellent durable water
repellency, oil repellency and antifouling properties.

[0071] [Table 1]
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(Examples 8 to 12 and Comparative Examples 7 to 10)

[0072] Polyethylene terephthalate 44-decitex 36-filament yarns and 44-decitex polyurethane elastic yarns produced
by Opelontex Co., Ltd. were used. The polyethylene terephthalate yarns were supplied to the front reed of a 32-gauge
two-reed single tricot machine and polyurethane yarns were supplied to the back reed, to knit a half-tricot fabric consisting
of 80 wt% of polyethylene terephthalate yarns and 20 wt% of polyurethane yarns. Then, said knitted fabric was scoured
using an open soaper type continuous scouring machine at a temperature of 95°C, washed with hot water at atemperature
of 60°C, washed with cold water, then dried at a temperature of 130°C, set on a pin tenter at 190°C, subsequently jet-
dyed to light beige at a temperature of 130°C, washed with hot water, dried at 130°C, and set again on a pin tenter at
a temperature of 160°C, to obtain a knitted fabric with a wale density of 62 wales/2.54 cm, a course density of 104
courses/2.54 cm, and a unit area weight of 220 g/m2. The dyed fabric was subjected to the following fiber surface covering
treatment and organic fluorochemicals treatment. The results of evaluating the performance of the obtained fabric are
shown in Table 2.

Fiber surface covering treatment

[0073]

(d) Beckamine M-3 (triazine ring-containing compound, solid content 80%, produced by Dainippon Ink and Chem-
icals, Inc.)

(e) F-200 (fluorine-based compound, solid content 20%, produced by Kyoken Kasei KK)

(f) Asahi Guard AG-1100 (fluorine-based resin, solid content 20%, produced by Meisei Chemical Works, Ltd.)

The dyed fabric was immersed in an aqueous liquid in which resin (d) alone or a mixture obtained by adding (e) or (f)
to (d) at rates shown in Table 2 and 3 g/L of ammonium persulfate as a catalyst were dissolved, and the fabric was
mangled with a mangle to have 90% of the aqueous liquid deposited and was treated in saturated water vapor atmosphere
of 104°C for 5 minutes.

[0074] Then, it was washed with hot water at a temperature of 70°C, washed with cold water, dried at a temperature
of 130°C, and set on a pin tenter at a temperature of 160°C.

Organic fluorochemicals treatment

[0075]

(v) F-470 (fluorine-based compound, solid content 20%, produced by Kyoken Kasei KK)
(vi) AG-E061 (fluorine-based resin, solid content 20%, produced by Asahi Glass Co., Ltd.)

A treatment liquid was prepared by dissolving 2 g/L of Beckamine M-3 (triazine ring-containing compound, solid content
80%, produced by Dainippon Ink and Chemicals, Inc.) and 0.5 g/L of Beckamine Accelerator ACX (catalyst, solid content
35%, produced by Dainippon Ink and Chemicals, Inc.) into an aqueous liquid containing at least one of the abovemen-
tioned compounds at the rate shown in Table 2. The dyed fabric was immersed, and mangled with a mangle to have
90% of the aqueous liquid deposited, dried at a temperature of 130°C, and set on a pin tenter at a temperature of 170°C.
[0076] From Table 2, it can be seen that the fabrics in conformity with this invention had all of excellent durable water
repellency, oil repellency and antifouling properties.

[0077] [Table 2]
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Claims

A fiber structure characterized in that each of the single fibers used in it is covered, on the surface thereof, with
a resin film containing an organic fluorochemicals via a resin film containing a triazine ring-containing compound or
a resin film containing an organic fluorochemicals and a triazine ring-containing compound, and that said fiber
structure has a water repellency level of grade 4 or higher and an oil repellency level of grade 4 or higher after 20
times of washing.

A fiber structure, according to claim 1, wherein the thickness of said resin film containing a triazine ring-containing
compound or said resin film containing an organic fluorochemicals and a triazine ring-containing compound is 5 to
100 nm.

A fiber structure, according to claim 1 or 2, wherein said resin film containing an organic fluorochemicals contains
a triazine ring-containing compound and/or an isocyanate-based compound.

A fiber structure, according to any one of claims 1 through 3, wherein said fiber structure has a contamination
resistance level of grade 3 or higher and a washing removability level of grade 3 or higher, respectively against food
contamination after 20 times of washing.

A fiber structure, according to any one of claims 1 through 3, wherein said fiber structure has a contamination
resistance level of grade 3 or higher and a washing removability level of grade 4 or higher, respectively against

Indian ink contamination after 20 times of washing.

A fiber structure, according to any one of claims 1 through 3, wherein said fiber structure has a sand deposition
preventability level of grade 3 or higher after 20 times of washing.

A fiber structure, according to any one of claims 1 through 3, wherein said fiber structure has a mud contamination
removability level of grade 4 or higher after 20 times of washing.

Swimwear comprising the fiber structure as set forth in claim 6.

Swimwear, according to claim 8, wherein the fabric uses polyurethane-based elastic yarns and/or polytrimethylene
terephthalate fibers at least partially.
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