DESCRIPTION FIBER STRUCTURE AND METHOD FOR
PRODUCTION THEREOF TECHNICAL FIELD The present invention
relates to a fiber structure in which fibers are dispersed in a
monofilamentous state, and a method for production thereof.
BACKGROUND ART Heretofore, so-called microfibers having a single
fiber diameter of 2 to 5 m have been suitably used for eyeglass wipers,

display wiping clothes for len gg‘c_j[ﬂepgggg equipment, and the like.
Recently, wiping clothes made of combiried filament yarns of microfibers
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properties and dimensional stability by the densification of fabrics (Patent
Document 1). However, the conventional wiping clothes sometimes
scratch an object itself by a wiping operation depending on the object.

7 efcyiien AR, theease of wiping in everyday life, foreign matters are put
between a wiping cloth and an object during wiping and larger scratch is

likelyrtodbeprnades rd tTherefere; adsange=afappkcation af theseaventional
wiping clothes is limited to glasses, liquid crystal
structure in which fibers are dispersed in a
monofilamentous state, and a method for production

thereof.

BACKGROUND ART

Heretofore, so-called microfibers having a single
fiver diameter of 2 to 5 um have been suitably used
for eyeglass wipers, display wiping clothes for lens
and electronic eguipment, and the like. Recently,
wiping clothes made of combined filament yarns of
microfibers and high shrinkage varns have been
proposed to improve wiping properties and dimensional
stability by the densification of fabrics (Patent
Document 1) .

However, the conventional wiping clothes
gometimes scratch an object itself by a wiping
operation depending on the object. Further, in the
case of wiping in everyday life, foreign matters are
put between a wiping cloth and an object during

wiping and larger scratch 1s likely to be made.



displays of domestic digital video cameras, and the like, and there has
been a problem that the conventional wiping clothes cannot be applied to
objects which are soft and easily scratched, for example, contact lens,
silver products, and the like. Furthermore, the conventional wiping clothes
have had not satisfactory wiping properties for stains in fine
unevennesses of the object. It is considered that, since the conventional

THDIELfIDRLs have a, gipdle fiper diameter of ghout 2 t% PLaNd, WG, 5 1

pressed against the object, stress concentration is likely to occur on the

wipiage of hepbiect, scratphascare likely ju e made It igalsp crysta

considered that, when foreign matters are put between a wiping cloth and
aiapakied, grcesibrdareion matarsare pregeed against them, and thele

are in a state of being polished by the foreign matters, scratches are
1 ilikely ta acurhlkt issalsupreswned dhat-whernsiains penetrate into
micro-level unevennesses of an object, even if a microfiber single fiber
c chagsemnsmaltes Size thanthatcof dheh emmevenmess, sinee Hendibe gtiffress of
the microfiber is still large, the microfiber cannot penetrate along 2 the
ohirevémeskesin @bent stafe and:theesfore swaims: tamwt &8 sciaped,
resulting in insufficient wiping
example, contact leng, silver products, and the like.
Furthermore, the conventional wiping clothes have
had not satisfactory wiping propexrties for stains in
fine unevennesses of the object. It is considered
that, since the conventiocnal microfibers have a
single fiber diameter of about 2 to 5 upum and, when
pfessed agalinst the iject, stress concentration is
likely to occur on the surface of the object,
scratches are likely to be made. It is also
considered that, when foreign matters are put between
a wiping cloth and an object, since the foreign
matters are pressed against them, and then are in a
state of being polished by the foreign matters,
scratches are likely to occur. It is also presumed
that, when stains penetrate into micro-level
unevennesses of an object, even if a microfiber
gsingle fiber has a smaller gize than that of the

unevenness, since bending stiffness of the microfiber

ig still large, the microfiber cannot penetrate along



properties. In contrast, a wiping cloth including so-called nanofibers made
of an organic polymer and having a number average single fiber diameter
of 1 to 500 nm has been proposed (Patent Document 2). Although each
nanofiber included in the wiping cloth has a nano order diameter, the
nanofiber has a very strong cohesive power and a fiber structure is
present as a bundle having a diameter of several micron meters in which

T hseevslﬁaé Olérﬁq{%gss@ss 245U t%]ésnoé t@%‘é@ds&?{c{] a@ﬁfg{‘eé% 8 stains

assembled. Therefore, problems of a wiping cloth using the above
caRicribgrs have been solyed 10;some;exiant; Rub ity is N0t ereplgtel: ny
satisfactory. On the other hand, regarding hard disks, silicon wafers,

p rBiggratadgircuit boards, precision instruments and optical components,
higher performances are required and thus higher precision of surface
processing afra-ausirate iw iggLired.c Highier preeisioq pigurfacecalled
processing of a substrate as used herein is mainly, for example, an

nampiovement masmoothness af agaubstrate slifacerangrédbicivonog a
scratches. As means for solving these problems, for 3 example, those in a

nufgéven fabricems produegedbyf Uiy ukiaine fibersgmictortlevely Fomm

example, _
has been proposed (Patent Document 2).

Although each nanofiber included in the wiping
cloth has a nano order diameter, the nanofiber has a
very strong cohesive power and a fiber structure 1is
present as a bundle having a diameter of several
micron meters in which several hundreds to several
tens of thousands of nanofibers are assembled.
Therefore, problems of a wiping cloth using the above
microfiberg have been solved Lo some extent, but it
is not completely saﬁisfactory.

On the other hand, regarding hard disks, silicon
wafers, integrated circuit boards, precision
instruments and optical components, higher
performances are required and thus higher precision
of surface processing of a substrate is regquired.
Higher precision of surface processing of a substrate
as used herein ig mainly, for example, an improvement
in smoothness of a substrate surface and reduction of

scratches. As means for solving these problems, for



Patent Document 3) and those in a nonwoven fabric form (for example,
Patent Document 4) are disclosed. By using ultrafine fibers, a force
applied to abrasive grains is dispersed or agglomeration of abrasive
grains and production of polishing wastes, which cause scratches, are
suppressed. Although these techniques exert effects some effects, further
improvement is required. A polishing cloth using nanofibers as thinner

osfaisis alspyliscloseq. Alsqin bl cage. SINar (aine case of e yiping
cloti, since nanofibers are In a bundle state, an origin small fiber

uiageten cannotbe seffigiently yilized apd sufident qifenss %M%@a%,

obtained. Although it is known to inject a high-pressure fluid flow in

p dakvicccoptaining Hitrafine fibess,« the object and effacizarediffesent from

those of the present invention. For example, Patent Document 5 disclose
£ arethed rfoe pepdyaing ap gxleerely dlifatine tiberwayea agd saittege d .

fabric including making a woven and knitted fabric composed mainly of
B yamnsiconsisting affextre mehdtrafinedibé rerhawingfh2 toe@0@Q01 4

deniers, and injecting a liquid of at least 5 to 200 Kg/cmz into the woven
aland«khitteddatsricrthrough diafipersed or agglomeration of
abrasive graing and production of peolishing wastes,
which cause scratches, are suppressed. Althéugh
these technigues exert effects some effects, further
improvement 1s required.

A polishing cloth using nanofibers asg thinner
fibers is also disclosed. Also in this case, similar
to the case of the wiping cloth, since nanofibers are
in a bundle state, an original small fiber diameter
cannot be sufficiently utilized and sufficient
effects cannot be obtained.

Although it 1is known to inject a high—pressure
fluid flow intc a fabric containing ultrafine fibers,
the object and effects are different from those of
the present invention.

For example, Patent Document 5 disclose a method
for producing an extremely ultrafine fiber woven and
knitted fabric including making a woven and knitted

fabric composed mainly of varns consgilisting of

extremely ultrafine fibers having 0.2 to 0.00001



pores to contract the woven and knitted fabric. However, since the
technique aims at tangling ultrafine fibers included in the woven fabric, it
is described that fibers are unfavorably cut when a fluid has too high
pressure. Patent Document 6 discloses a fabric for skin cleaning,
including synthetic fibers having a single fiber fineness of 0.001 dtex or
more and 1.0 dtex or less, the fabric being composed of a knitted and

aeHqvepdabrig yibjeeied tp A ighpresgwre yvatey flow yeatment apd ag g

method for production thereof including treating a fabric which is woven

K g kpitted, by U%hﬁ‘_@ CQW@%“%@Q@@%@%S%%@DQ SHEBG R &a11
release structure in hot water or an alkali solution, thereby removing or

pdeleasing acseateQBRONENE and-subjeating the fiabtie &0 & Aigh4 pressure
water flow treatment. As is apparent from the method, the ultrafine fiber of

HdWe technigue isca contnuosslyatncgans the iechaigue atnes atrproperly
increasing a fiber space. Further, Patent Document 7 discloses an

u lartifictal teatter rechaingra hadafiber assemblyvwin velmicl almumber 1t is
average single yarn fineness is 1.3 x 5 10-5 to 3.2 x 10-4 dtex and the

desimréfeedinglBa/arnt fiRenesszativ (asimgioyzrk liverfess oV 8 £0-5

fluid has too high pressure.

Patent‘Document 6 discloses a fabric for skin
cleaning, including synthetic fibers having a single
fiber finmeness of 0.001 dtex or more and 1.0 dtex or
less, the fabric being composed of a knitted and
woven fabric subjected to a high-pressure water flow
treatment; and a method for production thereof
including treating a fabric which 1is woven or knitted
by using composite fibers having a sea-island
structure or a release structure in hot water or an
alkali solution, thereby removing or releasing a sea
component, and subjecting the fabric to a high-
pressure water flow treatment. As is apparent from
the method, the ultrafine fiber of the technique iz a
continuous varn and the téchnique alms at properly
increasing a fiber space.

Further, -Patent Document 7 discloses an
artificial leather including a nanofiber assembly in

which a number average single yarn fineness is 1.3 x



to 3.2 x 10-4 dtex) is 60% or more. In the patent document, there is
described that a high-pressure water flow treatment may be conducted.
However, such a high-pressure water flow treatment aims at tangling
fibers constituting a fiber structure, thereby enhancing tenacity of the fiber
structure or orienting the fibers in the thickness-wise direction of the fiber
structure to improve texture, and a tangling treatment is conducted prior

1.o{% exhibitof, ulrafine fibers by removing one compenent fiom 3 polymer
alloy fiber. Iso, a polishing pa(?made of a fesin containing e pofes
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impregnating a nonwoven fabric composed of fibers having a

roComparatively-darge diber diametpr with a46$10 such as qplyusethang.are

proposed (see, for example, Patent Document 8). However, a polishing
dopadhwitieh satisfies all ©f gmeethnessof anpotishedsugiace,r eagugtian in

defects such as scratches, and polishing efficiency has never been
waclrain€d. &or thegaurpesetofidisgharginggpotistingwastescanelver, such
agglomerated abrasive grains produced by 6 polishing, such a polishing
a peiddiasrrsteennre invaihich golesiodcupies mdarye pontionat theangling
surface.
fibers constituting a fiber structure, thereby
enhancing tenacity of the fiber structure or
orienting the fibers in the thickness-wise direction
of the [iber structure to improve texture, and a
tangling treatment is conducted prior to exhibit of
ultrafine f£ibers by removing one component from a
polymer alloy fiber.

Also, a polishing pad made of a resim containing
fine pores therein such as polyurethane, and a
polishing pad obtained by impregnating a nonwoven
fabric composed of fibers having a comparatively
large fiber diameter with a resin such as
polyurethane are proposed (see, for example, Patent
Document 8) . However, a polishing pad which
satisfies all of smoothness of a polished surface,
reduction in defects such as scratches, and polishing
efficiency has never been obtained.

For the purpose of discharging polishing wastes

and agglomerated abrasive grains produced by



Such a structure is advantageous for discharging polishing wastes and
agglomeration abrasive grains, but has a problem that abrasive grains
required for polishing are also discharged simultaneously, resulting in
low efficiency in use of abrasive grains. Patent Document 1: Japanese
Unexamined Patent Publication (Kokai) No. 9-19393 Patent Document 2:
Japanese Unexamined Patent Publication (Kokai) No. 2005-307379
Patent Document 13}:]Japan se nexamineig Patent Publication (EKokati]?1
DG, 160810 PRI DORMEATA HEpERite hexamPEH AT © -
w Plétijlicatgjoge(Koléa}j)czlylo.120503-23P739 gateg% Qcument Si:gl%oangg%ace
hLJJnexa ined Patent Publicafion (af%’o?(ai)ﬁlo. 0-35439 Patent Document -
su@agangse Hnexamingd Patent Rublication (KgkailNa. 200523435
Patent Document 7: Japanese Unexamined Patent Publication (Kokai)
pNQ. 2004:256983 RatentRocipuent - Japanese Wnexamined Batent, o
Publication (Kokai) No. 3-234475 DISCLOSURE OF THE INVENTION 7
putrohlemsdo pe Selved byrhe Inyertioni the present Mvestipniprevidesa
fiber structure in which ultrafine fibers are not in a bundle state
polighing are also discharged simultaneously,

resulting in low efficiency in use of abrasive grains.

Patent Document 1: Japanese Unexamined Patent
Publication {(Kokai) No. 9-19393

Patent Document 2: Japanese Unexamined Patent
Publication (Kokai) No. 2005-307379

Patent Deccument 3: Ja#anese Unexamined Patent
Publication (Kokal) No. 11-90810

Patent Document 4: Japanese Unexamined Patent
Publication (Kokai) No. 2003-236738%

Patent Document 5: Japanese Unexamined Patent
Publication (Kokai) No. 60-39439

Patent Document 6: Japanese Unexamined Patent
Publication (Rokal) No. 2005-23435

Patent Document 7: Japanesge Unexamined Patent
Publication (Kokal) No. 2004-256983

Patent Document 8: Japanese Unexanmined Patent

Publication (Kokaili) No. 3-234475

DISCLOSURE OF THE INVENTION



and are dispersed in a monofilamentous state, and a method for
production thereof. According to the present invention, since original
features of the ultrafine fibers, for example, flexibility and a high surface
area of fibers can be maximally exhibited, a fiber structure suited for a
polishing cloth and a cleaning cloth can be obtained. When such a fiber
structure is used as a polishing cloth, abrasive grains can be efficiently

b utlg ed andtals%polishing \%th little defects such as scratches can be
T OREGEHED, BRdS3S thaferdratisBHil 588 pofishiify &Bth excellentin
smog‘tgnessraensgeaj:1 Qolifpling r%teblq'he giggr. sfructure |ts Iseorusegras 'ure
wiping cloth having excellent stam re ovaﬁproperﬁes. eans Tor élocfvmg

i dhe,Rigblems The presentdnyentian for solying tﬁ%p@(blfwd%scgips%e

above is characterized by the following constitutions. (1) A fiber structure

arddclyding: £) Snale fiberphaying,a fikerdiameter,of 3 g 0f more apd/ora

fiber bundle having a fiber bundle diameter of 3 m 8 or more, and (B) a
m SiNgieifias haying afiben siametenefdrm or jassowhargin the cemponent

(A) has a number average fiber diameter and/or a number average fiber
piheadiediametenafidm,ordgsscat original features of the
ultrafine fibers, for example, flexibility and a high
surface area of fibers can be maximally exhibited, a
fiber sﬁructure suited for a polishing cloth and a
cleaning cloth can be obtained. When such a fiber
structure is used as a polishing cloth, abrasive
grains can be efficiently utilized and also polishing
with 1ittle defects such as scratches can be
conducted, and is therefore useful as a polishing
cloth excellent in smoothness and a polishing rate.

The fiber structure is also used as a wiping cloth

having excellent stain removal properties.

Means fér Solving the Problems

The pregent invention for solving the problems
described above 1s characterized by the following
constitutions.
{1} A fiber structure including: A} a single fiber
having a fiber diameter of 3 um or more and/or a

fiber bundle having a fiber bundle diameter of 3 um



least a part of the component (B) is dispersed in the component (A) in a
monofilamentous state in the cross-section taken in the thickness-wise
direction of the fiber structure, at least a part of the component (B)
dispersed in the monofilamentous state is bent and/or tangled to form a
void space, and at least one surface of the fiber structure is covered with
the component (B). (2) The fiber structure according to the above-
rml%rcl)q:ogedél)dwr(lgr?ein the fiberltéunpﬁof th%é:\(;&nggn%ntéA IS

O . . sLn I . loe
composéd of a single fibef Aaving a number average fiber diameter of 1 m

.or less, (3) The fiber structyre according to.the dli)?ove- mentioned. (1), qr.
O o e vall sibete i by PERde a TG (S R o

ha$Page surgwided, @iy By a fibglWwhose,GfesS:SeCHAy GYWN0L b y b e r
observed, although a fiber whose cross-section can be observed and a

aiibey &VQO%% S@z?s'é%ﬁi@@ é:aaricgrpgtglgsqg\fedée% whenthess at
cross-section of the fiber structure is observed on a SEM photograph. (4)

1 eBhexfiber stiwaturefacenrdingdn poy ene of the 9 abavespentioped (1) tehe
(3), wherein a light reflectance of a surface is 80% or more. (5) The fiber
c estpetuea accoxding to anyranrecdf tie reboves mentidredd 1)ito (4 &/herein
air permeability
cross-section taken in the thickness-wise direction
of the fiber structure, at least a part of the
component (B} dispersed in the monofilamentous state
is bent and/or tangled to form a void space, and at
least one surface of the fiber structure 1s covered
with the component (B}.
{(2) The fiber structure according te the above-
mentioned (1), wherein the fiber bundle of the
component (A) is composed of a single fiber having a
number average fiber diameter of 1 pum or less.
(3) The fiber structure according to the above-
mentioned (1) or {(2), wherein the void space formed
by bends and/or tangles is a void space surrounded
ohly by a fiber whose cross;section cannot be
ocbserved, although a fiber whose cross-section can be
observed and a fiber whose cross-section cannot be
observed exist when the cross-section of the fiber

structure is observed on a SEM photograph.

{4) The fiber structure according to any one of the



is 2 cc/cm2/sec or less. (6) A method for production of a fiber structure,
which comprises forming a fiber structure containing a polymer alloy fiber
composed of a plurality of polymers each having a different solubility;
removing at least one kind of a polymer among the plurality of polymers
each having a different solubility of the polymer alloy fiber, to develop an
ultrafine fiber having a fiber diameter of 10 to 1,000 nm to give a fiber
apRiindlsconsisting gf the pssembieq ultrgfine. fibgrs,and ipiegting a
high-pressure fluid flow at 0.1 to 20 MPa into the fiber structure

reGONEining the Hherpupdlecopgising @fghe assembied ultrafine fibers.

(7) The method for production of a fiber structure according to the
( saboven@entioned (B): wheteliyheapalynan allgy fiberis pbtaineddy the
converting the plurality of polymers each having a different solubility into
aba pelymenalioyrising @nyextrasion )kneaderrandfor Aistaticeknpaderi 1l ity
followed by spinning. (8) The method for production of a fiber structure 10
1 saczordintro’the ebove-meatiened (6) or (7), wherein the fiber bundle
consisting of the assembled ultrafine fibers is a fiber bundle in which a
(énumbematdrage fibar diginéteris from o0 toa300idNs ranglteruc ture,

which comprises forming a fiber structure containing
a polymer alloy fiber composed of a plurality of
polymers each having a different solubility; removing
at least one kind of a polyvmer among the plurality of
polymers each having a different solubility of the
polymer alloy fiber, to develop an ultrafine fiber
having a fiber diameter of 10 to 1,000 nm to give a
fiber bundle éonsisting of the assembled ultrafine
fibers; and injectiné a high-~pressure fluid flow at
0.1 to 20 MPa into the fiber structure containing the

fiber bundle consisting of the assembled ultrafine

fibers.
(7) The method for production of a fiber structure
according to the above-mentioned (6), wherein the

polymer alloy fiber 1s obtained by converting the
plurality of polymers each having a different
solubility into a polymer alloy using an extrusion
kneader and/or a static kneader, followed by spinning.

(8} The method for production of a fiber structure

10



number ratio of the ultrafine fiber having an fiber diameter of 10 to 300
nm is 60% or more. (9) The method for production of a fiber structure
according to the above-mentioned (6), wherein the fiber structure
according to the above-mentioned (1) is produced. EFFECTS OF THE
INVENTION According to the present invention, it is possible to easily
obtain a fiber structure in which ultrafine fibers are dispersed on a single

a gL N pych. g fbeislygtiye. lbused aa a polishing ¢lofh & aelisiing,

spersed In the ultrafine fibers ISpersed in a monofilamentous

crafate sqnd thys tpifarm palishing with high smeothness can bg

conducted. Further, since moderate void spaces exist between the

u 1wtrafine dibers; e fiber structure has ahigh akility,of balding abrasiveb e r
grains. When the fiber structure is used as a polishing cloth,

a agglomerationeaf abiasivergraing is suppressed ard somtches asmless
likely to be made. when the fiber 11 structure is used as a wiper, the fiber

nwstieturerhasi a high abikty of trappingnstaing. vide fiber stigcture of thee r
present invention has a lot of very small void spaces between fibers

d icomparad tofa dohvéerstiohalfibem stigct@rétused fonare .

{9) The method for production of a fiber structure
according to the above-mentioned (6), wherein the
fiber structure according to the above-mentioned (1)

is produced.

EFFECTS OF THE INVENTION

According to the present inventicn, it is
possible to easily obtain a fiber structure in which
ultrafine fibers are dispersed on a single fiber.
When such a fiber structure is used as a polishing
cloth, a polishing load ils dispersed in the ultrafine
fibers dispersed in a monofilamentous state, and thus
uniform polishing with high smoothness can be
conducted. Further, since moderate void spaces exist
between the ultrafine fibers, the fiber structure has
a high ability of holding abrasive graing. When the
fiber structure is used ag a polishing cloth,
agglomeration of abrasive grains is suppressed and

scratches are less likely to be made. When the fiber
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polishing cloth, and the like, and is dense. Therefore, fine particles are
less likely to penetrate into the fiber structure and. When the fiber
structure is used as a polishing cloth, the proportion of abrasive grains
held on the surface of the fiber structure is large, and thus polishing with
uniformity the fiber structure is and high efficiency can be conducted. The
fiber structure has fine space and therefore has moderate flexibility and

s G450 iQHiPQb R@p%%ies(?a? '3 aguaniageoys, for impraying SMoothness of

articles to be polis reduction In scratches. The fiber structure is

a Sxeghent iy ienagity,sings thick singlesfibers, ar fiber bundles exist in the

fiber structure. Furthermore, the fiber structure is excellent in wiping

perfarmaneas,when; the, fikar stiugtdreds dse-assa M4ping ¢lathangtana s
provide a high-performance polishing cloth which causes little no-wiped

a [ostion. BRI DESARIP TN OF il PRAWENGS 42 Figgdris a SEM
photograph showing a cross- sectional shape of a composite sheet |
cgupduced i Exampie Ir.drig. iis alSEN phetograph showmgweserdsstor  a
sectional shape of a woven fabric Il produced in Example 4.
polighing cloth, and the like, and is dense.
Therefore, fine particles are less likely to
penetrate into the fiber structure and. When the
fiber structure is used as a polishing cloth, the
proportion of abrasive grains held on the surface of
the fiber structure is large, and thus polishing with
uniformity the fiber structure is and high efficiency
can be conducted. fhe fiber structure has fine space
and therefore has moderate flexibllity and cushioning
properties, and is édvantageous for improving
smoothness of articles to be polished and reduction
in scratches. The fiber structure is excellent in
tenacity since thick single fibers or fiber bundles
exist in the fiber structure. Furthermore, the fiber
structure is excellent in wiping performancesg when
the fiber structure is used as a wiping cloth and can

provide a high-performance polishing cioth which

causes little no-wiped portion.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 3 is a SEM photograph showing a cross- sectional shape of a woven
fabric 1l produced in Comparative Example 2. Fig. 4 is a
high-magnification SEM photograph showing a cross-sectional shape of a
woven fabric Il produced in Example 4. EXPLANATION OF LETTERS
OR NUMERALS 1: Example of a fiber bundle in a composite sheet I
produced Example 1 2: Example of a fiber dispersed in a

monpfilamentous state in the.composite sheet Il produced jn.Example 1
3: Exér%rile of a fiber iR a short fi%e AoMwWoven Ofat?irgllcginat‘hec(]Sﬂoorﬁf)josite

sefheetl| produged, in Example 1.4 Example.gf afiber bundlg in.a woyen

fabric Il produced in Example 4 (black portion) 5: Example of a fiber
ex@igpersedin a 13 monofilamentous state in the woven fabric Il produced
in Example 4 (portion visualized to be white) 6: Assembly of fiber bundles

in the wpven fabsicall pradusedindzeaite 4 Kokxanapla ota ey -bundle

in the woven fabric 1l produced in Example 4 8: Example of a fiber
sedisferaedindb@pe of a woven fabric II produced in
Example 4.

Fig. 3 1s a SEM photograph showing a cross-
sectional shape of a woven fabric II produced in
Comparative Example 2.

Fig. 4 is a high-magnification SEM photograph

showing a cross-sectional shape of a woven fabric II

produced in Example 4.

EXPLANATION OF LETTERS OR NUMERALS

1: Example of a fiber bundle in a composite sheet
II produced Hxample 1

2: Example of a fiber dispersed in a
monofilamentous state in the composite sheet IT
produced in Example 1

3: Example of a fiber in a short fiber nonwoven
fabric in the composite sheet II produced in Example
1

4: Example of a fiber bundle in a woven fabric IT
produced in BExample 4 (black portion)

5: Example of a fiber dispersed in a

13



monofilamentous state and a void space formed by a bend/tangle thereof
in the woven fabric Il produced in Example 4 BEST MODE FOR
CARRYING OUT THE INVENTION A fiber structure and a method for
production thereof according to the present invention will be hereinafter
described in detail by way of preferred embodiments. A fiber as a
component (A) in the fiber structure of the present invention refers to a .

moe flger, havina.a fleer diameter o3 1y of more and aunuber o, g
average fiber diameter o m Oor more, or a fioer pundie naving ioer

i nPYngle diameter of 3 mqrypore; and 3 pymger,average, fiber bundle

diameter of 4 m or more, or both of them (hereinafter may be usually

referged W0asa,#Rey a9¢/of afiber Rundie) SFurther, Aiberasén fabric

component (B) refers to a 14 single fiber having a fiber diameter of 1 m or

1 legs- dhereivaftarimayhenteferred to as an ultrafine fiber). A structure
having these components (A) and (B) are formed into a sheet and, in the

crosg-segtionmtsken #rthe tHicknesswiseidikection efiibe fibarestruciye i c
at least a part of the component (B) is usually dispersed (monodispersed)
Iilinmroduced in Example 4
8: Example of a fiber dispersed in the
monofilamentous state and a void space formed by a

bend/tangle thereof in the woven fabric II produced

in Example 4

BEST MODE FOR CARRYING OUT THE INVENTION

A fiber structure and a method for production
thereof according to the pregent invention will be
hereinafter described in detaill by way of preferred
embodiments.

A fiber as a component (A) in the fiber structure
of the present invention refers to a single fiber
having a fiber diameter of 3 um or more and a number
average fiber diameter of 4 pum or more, or a fiber
bundle having a fiber bundle diameter of 3 um or more
and a number average fiber bundle diameter of 4 um or
more, or both of them (hereinafter may be usually
referred to as a fiber and/or a fiber bundle).

Further, A fiber as a component (B) refers to a

14



monofilamentous state between the fiber and/or fiber bundle as the
component (A). When the single fiber or fiber bundle as the component
(A) is too thin, the objective effect of improving the strength of the fiber
structure of the present invention is not obtained. Therefore, it is
necessary that the fiber as the component (A) has a single fiber diameter
or a fiber bundle diameter of 3 m or more and a number average fiber
diameter or a number average fiber bundle diameter of 4 m or more.

s {RMdR the'disgle RiGer o fibér HuhbiFathd Mhfionedt (A) o8 thidie s

( S@%Oiﬁ‘{geﬁ? é)L theasurfgcée rog erfgrbeéstcrucuérg t%nds ut9 ggtaeggglate and
htﬁeref’ore e number average iber diameter 8- ndiber average fiber

f:-Lkg,_y@]g_;ige.diameter of the component (A) is preferably 20 m or less. Also, a
fiber structure containing only fibers as the component (A) may have 15 a

surf%eme%ﬂﬁ%e%émgmeﬁ%%d,a@mda 4564 @ aRglishing clogh,

void spaces between fibers become large and uniform retentiveness of
a rabrasive, grrinsdeierorates apd aeplishing piesswe apelieds torabyasive

grains is not easily dispersed. Therefore, it is necessary that the fiber
t astreictuten of the prasertkt inyestioniseludasulitafinefibers B)awiger
single fiber diameter of 1 m or less.
. gstructure, at least a part of the component (B) is
usually dispersed {monodispersed) in a
monofilamentous state between the fiber and/or fiber
bundle as the component (A).,

When the single fiber or fiber bundle as the
component (A} is too thin, the objective effect of
.impfoving the strength of the fiber structure of the
present invention ls not cobtained. Therefore, it is
necesgssary that the fiber as the component (A) has a
single fiber diameter or a fiber bundle diameter of 3
pm or more and a number average fiber diameter or a
number average fiber bundle diameter of 4 pum or more.
When the szingle fiber or fiber bundle as the
component (A) is too thick, smoocthness of the surface
of the fiber structure tends to deteriorate and
therefore the number average fiber diameter or number
average fiber bundle dliameter of the component (A) is

preferably 20 pum or less. Also, a fiber structure

containing only fibers as the component {A) may have
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When the fibers (B) are too thin, abrasion resistance of a surface tends to
deteriorate and thus the number average fiber diameter of the fibers (B) is
preferably 10 nm or more. In the present invention, the single fiber
diameter or fiber bundle diameter is determined by observing the surface
or cross-section of the fiber structure using a transmission electron
microscope (TEM) or a scanning electron microscope (SEM) and using

ima rocessing software, qr the like, or directly measuring it an a
2 SRed Sodrtn Fhe R B R br iR TBEPAS MEte? BinurtBE” U ed
average. fiber .bundle.diameter is.determined by, measuring single
iy HEMOLEr O Ho3 urle Saher B 30 Sart ot bl e ot tandom
beULHE SRESUIMARR OLiN {2, CrossSechan YsingLthe siilar methad, and

determining the simple average, which is taken as the 16 number average

g AiPen diageter,of spmpekavaiage, figes Qundledarpetes When thgpiied

cross-section of the fiber is not complete round, the cross-sectional area
rofathediberis dgtesmined anddhkediameter of a cikgle raguivalent to the

area is taken as a fiber diameter of the fiber. The term "fiber bundle" as
Thitsed fo the, présent snvestien referg ta adiberrassemblydm whichvec ture
of the present invention includes ultrafine fibers
(B) having a single fiber diameter of 1 um or less.
When the fibers (B} are too thin, abrasion resistance
of a surface tends to deteriorate and thus the number
average fiber diameter of the fibers (B} is
preferably 10 nm or more.

In the present invention, the single fiber
diameter or fiber bundle diameter is determined by
observing the surface or cross-section of the fiber
structure using a transmission electron microscope
(TEM) or a scanning electron microscope ({(SEM} and
uging image processing software, or the like, orx
directly measuring 1t on a printed photograph. The
number average fiber diameter or number average fiber
bundle diameter is determined by measuring the single
fiber diameter or fiber bundle diameter of 30 samples
obtained at randcm on the same surface or in the

cross-section using the gimilar method, and

determining the simple average, which is taken as the
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plurality of single fibers are uniformly arranged in the substantially same
direction as that of a fiber longitudinal direction substantially without
clearance. The term "state in which single fibers are arranged
substantially without clearance" refers to a state in which the sum of the
area of clearance between single fibers is 10% or less of a cross-
sectional area of a fiber assembly in the cross- section of fibers in the fiber

assembly. When th% ,cross-s(;fction of the fiber structure is observed fa\ft]gr
numnpexy %/Vera £ 1}i)er 1aﬁ1eter o1 . Fiuin Elr aﬁ(e%a e. Jt er
cutting, It is'necessary to Use a sharp cutter, if possible, after freezing the

bullPg SIUEUIE LY dibping,in laud, aigasn 50 as o suppress fsion pl .,
ibers. In the case of a fiber bundle, in"'which single fibers are assembled

1 Ve, densalyand, wheg (e, singledibers,consttyting, thg fiberhundle gre

very 17 thin or composed of a polymer having a comparatively low

craelting peint forexample; an yltrafiae figer bundies thefibers arefused o
each other when the cross-section is cut, and thus no clearance may be

e qapsewvedin thediben bundies dn such-a kase, the elearapee-betwegs ther
fibers is regarded as zero. The fiber structure of the present invention can

o fusualy Easufficient tenacity suited for a

The term “fiber bundle” as used in the present
invention refers to a fiber assembly in which a
plurality of single fibers are uniformly arranged in
the substantially same direction as that of a fiber
longitudinal direction substantially without
clearance. The term “state in which single fibers
are arranged substantially without clearance” refers
to a state in which the sum of the area of clearance
between single fibers 1is 10% or less of a cross-
sectional area of a fiber assembly in the cross-
section of fibers in the fiber assembly. When the
cross-section of the fiber structure 1s observed
after cutting, it is necegsary to use a sharp cutter,
if possible, after freezing the fiber structure by
dipping in liquid nitrogen so as to suppress fusion
of fibers.

In the case of a fiber bundle, in which single
fibers are assembled very densely and, when the

single fibers constituting the fiber bundle are very
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polishing cloth or a wiping cloth by the existence of the fiber and/or fiber
bundle as the component (A). In addition, dropping-off of ultrafine fibers
can be suppressed when the fiber structure is used as the polishing cloth
or wiping cloth by coexistence of ultrafine fibers (B) dispersed in a
monofilamentous state and the fiber and/or fiber bundle. For the purpose
of more suppressing dropping-off of the ultrafine fibers, it is possible to
enGOA. 853, Bince, afesin such a5 poviyethane. Howayer o (¢ 6ase
where the anrafine fibets are fixe %y tanglés or f%smn, whén Y
1c309ameraled abrasive grains or,polishing wastes Which:Gan.cappg .
scratches, exist, a force applied on articles to be polished can be
puRiigated by dnqvement offibers: Asagresult Plishing Wit bighc ne

smoothness and less defects such as scratches can be conducted, and

c riBYs it sl preferesl thatihe wiyafine fikers arednos fixethlle adgsinpthe
term "fibers dispersed in a monofilamentous state" as used herein refers
obte dibekrsdn iichraeackh isirgle Bherdeparataly exitse Bubstandially, Inthe
present invention, the following procedure determines whether or not
c Ifirersare dispetrsesan arhenofildentoussstate dehedsudfaee ofzthe diber
The fiber structure of the present invention can
usually has sufficient tenacity suited for a
polishing cloth or a wiping cloth by the existence of
the fiber and/or fiber bundle as the component (A).
In addition, dropping-off of ultrafine fibers can be
suppressed when the fiber structure isg usged as the
polishing cloth or wiping cloth by coexistence of
ultrafine fibers (B) dispersed in a monofilamentous
state and the fiber and/or fiber bundle. For the
purpose of more suppressing dropping-off of the
ultrafine fibers, it 1ls possible to contain, as a
binder, a resin such as polyurethane. However, in
the case where the ultrafine fibers are fixed by
tangles or fusion, when aggliomerated abrasive grains
or polishing wastes, which can cause scratches, exist,
a force applied on articles to be polished can be
mitigated by movement of Ffibers. As a result,

polishing with high smoothness and less defects such

as scratches can be conducted, and thus it is
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structure is observed by TEM or SEM and one fiber is selected from an
image enlarged by magnification of 1,000 times or more. It is considered
that, when the fiber diameter of the fiber is less than 2 m, the length of
the fiber is 20 m or more and, when the fiber diameter is 2 pm or more,
the length is at least 10 times the fiber diameter. When the fiber is not
continuously contacted with another fiber, it is regarded that the fibers are

pxaneIsedng, monoflamentous siate. In (e presert invention, whep te,
iber structuré’is seen'in the cross-section “taken in the thickness-wise
a q_Jreegggp of the fiber structure, it is important that the ultrafine fibers (B)

are monodispersed between the usual fibers and/or fiber bundles (A).

Whegyihesefing fibers,arg dignerged.in asmenofilameniousistatee ntous

flexibility of the fiber is exhibited and also structural uniformity 19 of the
s tfibek strugiurg ds inpraved: 4 he prappdiop of these gonqdispersed fibges,

is preferably large. Specifically, in the cross-section of the fiber structure,
s ithe ratiofof therfibesp monedisgersed. betwesnske fikers and/or fibern the

bundles (A) to the fibers which are not monodispersed is preferably 10:1
p raf srare, dndvraoreipreferalibhe 5E & b moter yVirerctbe dibersstiietieerisine s

seen in the cross-
whether or not fibers are dispersed in a
monofilamentous state. The surface of the fiber
structure is observed by TEM or SEM and one fiber is
selected from an image enlarged by magnification of
1,000 times or more. It is considered that, when the
fiber diameter of the fiber is less than 2 um, the
length of the fiber is 20 pum or more and, when the
fiber diameter is 2 um or more, the length is at
least 10 times the fiber diameter. When the fiber is
not continuously contacted with another fiber, 1t 1is
regarded that the fibers are dispersed in a
monofilamentous state. In the present invention,
when the fiber structure is seen in the cross-section
taken in the thickness-wise direction of the fiber
structure, it is important that the ultrafine fibers
{B) are monodispersed between the.usual fibers and/or
fiber bundles (A}. When these fine fibers are

dispersed in a monofilamentous state, flexibility of

the fiber i1igs exhibited and also structural uniformity
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section taken in the thickness-wise direction of the fiber structure, when
the proportion of a cross- sectional area of the single fiber or fiber bundle
(A) based on a cross-sectional area of the fiber structure is too small,
tenacity and form stability of the fiber structure become insufficient. The
proportion is preferably 10% or more, more preferably 20% or more, and
still more preferably 30% or more. In contrast, when the proportion is too

large, flexibility and cushioning properties of the fiber _structure become
O i Eifcidrt e FIOPOCIIS preTeraBy SO% S teset Hor® BrRASHAB o

80% or less, and.still more preferably 70% or Iess.%Nhe e fiber
o o B e b o o

spd dne: fipgnsiyicturg, gt jeast.a part oLthe fibgty disperged g, q .

monofilamentous state preferably form 20 very small void spaces by

s thapds Qrtangleg orhends angd t;.a_'?ﬂ!e%(h?ée}@ftﬁ&ﬁ@&{ begeferedto as
bends and/or tangles). These void spaces can impart moderate

b thsBigRing PEopeltinse thethes structuie,-ofdhe gresentinyention ene,
when the fiber structure is used as a polishing cloth, concentration of a

f ippdisiEngvpressure Bgainsta specifitiposktios dg suppressetdandishys 10 : 1
scratches can be reduced.

or more, and more preferably 50:1 or more,

When the fiber structure 1s seen in the cross-
section taken in the thickness-wise direction of the
fiber strﬁcture, when the proportion of a cross-
séctional area of the single fiber or fiber bundle
(A) based on a cross-sectional area of the fiber
structure 1s too small, tenacity and form stability
of the fiber structure become insufficient. The
proportion is preferably 10% or more, more preferably
20% or more, and still more preferably 30% or more.
In contrast, when the proportion is too large,
flexibility and cushioning properties of the fiber
‘structure become insufficient. The proportion is
preferably 90% or less, more preferably 80% or less,
and still more preferably 70% or less.

When the fiber structure is seen in the cross-
section taken in the thickness-wise direction of the

fiber structure, at least a part of the fibers

dispersed in a monofilamentous state preferably form
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Among the fibers (B), the proportion of the bent and/or tangled fibers is
measured by the following procedure. That is, the cross-section of the
fiber structure is observed by a transmission electron microscope (TEM)
or a scanning electron microscope (SEM) and then the proportion of the
number of the bent and/or tangled single fibers among 100 single fibers
selected at random from the single fibers (B) is determined. The
proportion of the bent and/or tangled fibers is preferably 20% or more,

v eh¥reS Preteralli§ 480°HTHGE, B SRHSe preféABE €% ot mdtgrds

sed on the entjre fibers (B). The fiber bundle (A) as another component
o o E R o ThE? SARTAE SF (R edtht TUERGGER prelebhr oo

2cf/RPsed efainds fhets, baving, 3 pymbgLavetage ot diagieter of 1 m
undle co

or less. Whén it Is a fiber mposed of these 21 fine single fibers,

md§Racity and form; sfahility of the fiber structure gapbegsyfficiently -y ccure

improved. When a tangle is formed between fine fibers existing on the

o fouteraost-siytace of thediber byndle, () apd the witafine flbers (B)

dispersed in a monofilamentous state, which exist between the fiber
s tandies £8), ihe fibes Huadle 4Apaditbe fihers B dispersed deatration

monofilamentous state are integrated.
of a polishing pressure against a specific position
is suppressed and thus scratches can be reduced.
Among the fibers (B), the proportiocon of the bent
and/or tangled fibers is measu;ed by the following
procedure. That is, the cross-section of the fiber
structure i1s observed by a transmission electron
microscope (TEM) or a scanning electron microscope
(SEM) and then the proportion of the number of the
bent and/or tangled single fibers among 100 single
fibers selected at random from the single fibers (B)_
is determined. The proportion of the bent and/or'
tangled fibers 1ls preferably 20% Oor more, more
preferably 40% or more, and still more preferably 60%
or more, based on the entire fibers (B).

The fiber bundle (A} as another component
constituting the fiber structure of the present
invention is preferably composed of single fibers
having a number average fiber diameter of 1 um or

less., When it 1s a fiber bundle composed of these
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This integration has the effects of improving tenacity and form stability of
the fiber structure. The fibers constituting the fiber bundle (A) and the
fibers (B) dispersed in a monofilamentous state are preferably fibers
composed of the same material since the both are easily integrated. The
void spaces to be formed by bends and/or tangles of the single fibers will
~ be described. In the fiber structure, the void spaces generally exist. The
¢ .void spaces can Qg classifi%deinto the foIIoI\l/v'ngf two kingsa.er%eéLl%nd is

t88arahce bétwean theTibers formed since the fibers canno éfhtﬁ/f

en@dNeredL complelely 3 canbe formed along tedogorygingl, drgetion

of the fiber while being surrounded by the cross-sections of 3 or more

whitiers: It addisen, sthere Arg ¥aidispagesIA WIGHONe:single fiker farms, g

loop, or void spaces surrounded by an intersection 22 of a plurality of

onfibers Whichearg seferred; toras: the,void sRaces frwed by deads and/ghn a

tangles of the single fibers in the present invention. The method for
t hdistimguishing:tlee ahoverwo kindsds aptoflews That is, when the
cross-section of the fiber structure is observed by enlarging using SEM,
moardlie likeeafiter svhose crsswkdtidn canibetobsenved and takber iber
whose cross-section cannot be observed exist.
bundles (A), the fiber bundle (A) and the fibers (3B)
dispersed in a monofilamentous state are integrated.
This integration has the effects of improving
tenacity and form stability of the fiber structure.
The fibers constituting the fiber bundle (A) and the
fibers (B) dispersed in a monofilamentous state are
preferably fibers composed of the same material since
the both are easlly integrated.

The void spaces to be formed by bends and/or
tangles of the gingle fibers will be described. In
the fiber structure, the void spaces generally exist.
The void spaces can be classified into the following
two kinds. One kind is clearance between the fibers
formed since the fibers cannot be tightly adhered,
completely, and can be formed along the longitudinal
direction of the fiber while being surrounded by the
cross-sections of 3 or more fibers. In addition,

there are void spacesg in which cone single fiber forms

a loop, or void spaces surrounded by an intersection
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The void spaces to be formed by bends and/or tangles of the single fibers
in the present invention refer to void spaces surrounded only by the later
"whose cross-section cannot be observed”. The void spaces surrounded
by the fiber whose cross-section cannot be observed and the fiber whose
cross-section can be observed are not regarded as void spaces formed
by bends and/or tangles of the single fibers since the objective effects

o fimapa#)t'ﬁpgrre illence o thfifl?er struc ure, %f tg% greser%t(_:!nveengor% are

inSuRciert* mthe fibér strtidffe of the present ifvention, - thin siné’le?iks)ers

=) gHistbetnean cormpargively, inigk siadle fRgrp ot flberyndies (4). g,
a result, the fiber structure is a structure in whic large void spaces

s 1FRRMGE IV ST COMPAredth g JIDER SiruGiure H36G,aS a CRRVENiiang], 4

polishing cloth, but a lot of very small void spaces exist. 23 Therefore,

£ owhe the fibgh,steicturg isduned a5, polishingicioth sabrasivesgrains doy s
not move in the fiber structure and remain on the surface of the fiber

structurer ang thug pelishingecanrhescondueted wffidentlyrad sndermly.

Such effects can be exerted by coexistence of ultrafine fibers dispersed
s tin@dnanadilanse nitussstate doiag te dill aspaces bebvieey tlEusuabitbears e

or fiber bundles in the
like, a fiber whose cross-section can be observed and
a fiber whose cross-section cannot be observed exist.
The void spaces to be formed by bends and/or tangles
of the single fibers in the present invention refer
to void spaces surrounded only by the later “whose
cross-section cannot be observed”. The void spaces
surrounded by the fiber whose cross-section cannot be
observed and the fiber whoése cross-section can be
observed are not regarded as void spaces formed by
bends and/or tangles of the single fibers since the
objective effects imparting resilience of the fiber
structure of the present invention are insufficient.

In the fiber structure of the present invention,

thin single fibers (B} exist between comparatively
thick single fibers or fiber bundles (A). Asg a
result, the fiber structure is a structure in which
large void spaces scarcely exist compared with a

fiber structure used as a conventional polishing

cloth, but a lot of very small void spaces exist.
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fiber structure of the present invention. By the way, polishing is usually
conducted whole supplying a slurry in which abrasive grains are
dispersed in a liquid such as water. In that case, when the liquid
contained in the slurry has low permeability to the polishing cloth, the
layer of a filmy liquid is formed on the surface of the polishing cloth, and
thus the polishing cloth is less likely to contact with articles to be polished

and efficiency of poli Eing drastically decrease. However, in the
Thgrjégen% ]frﬁaVenﬁ%lrﬁ I%heg |qeui(lgil}lagtlltﬂaer slt Fﬁ 1@’5% Bé& “absrbed eacrfd ac‘j?scﬁarged

po D B APQVE yery;smallypid, spaces and decraass, afpalisning efficiepey

can be prevented. By the existence of these void spaces, flexibility of the

£ 1 HCF Styctye, paricylaty £USIQRING RropRities {nya ickngss digeetion

are improved. When the fiber structure is used as a 24 polishing cloth,

£ 1 pRlishigg with xeellent sraoathngsspand less sgratehes ean Renducted
conducted. It is necessary that at least one surface of the fiber structure

e £af the present iaventian isfeovered . witk thenultsafine JibersoB) Avstate in
which the surface of the fiber structure in the present invention is covered
exwitit afirdfipe fibers i Bxismetermihed bythe follewifig b ers dispersed
in a monofilamentous state so as to fill a space
between the usual fibers or fiber bundles in the
fiber structure of the present invention. By the way,
polishing is usually conducted whole supplying a
slurry in which abrasive grailns are dispersed in a
liguid such as water. In that case, when the liguid
contained in the slurry has low permeability to the
polishing cloth, the layer of a filmy liguid is
formed on the surface of the polishing cloth, and
thus the polishing cloth is less likely to contact
with articles to be polished and efficiency of
polishing may drastically decrease. However, 1in the
present invention, the liquid in the glurry can be
absorbed and discharged by the above very small wvoid
spaces and decrease of polishing efficiency can be
prevented. By the existence of these void spaces,
flexibility of the fiber structure, particularly

cushioning properties in a thickness direction are

improved. When the fiber structure is used as a
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method. First, any position of the surface of the fiber structure is observed
by TEM or SEM and a single fiber diameter of 30 fibers sampled at
random is measured by using image processing software or directly
measuring it on a printed photograph, and then it is confirmed that the
fiber diameter is 1 m or less. Next, the surface of the fiber structure is
observed by SEM or an optical microscope under magnification of 50
times gnd it is_confirmed that vaid spaces do not substantially exist.on the

POsutfale P¥hé ERprBssiSiP bR spaged do Rot Shb Sy eXRPGTHa® s

anscyrff\ce" as used hel{lein refers t%%hec gar(l:%thgtt]é%qr less void spaces in a

s% grcratches c?n ! 5 .
size of 10 mZ or more exist in a région of 2 mm square by observing

undey magnification, af;30 times, In the presentinygntion, the IRErsdB) cne

with which the surface is covered are preferably dispersed 25 in a

£ irE%QOﬁm%QQﬁ%atg £ D%flimti%lrcg é%ftl.be{% \Qé?fpg Esgﬁl irl & covered

monofilamentous state is as defined above. The fiber structure of the

w iresent mventian, praferablyhas a suygace light reflectance of 80% or
more. Herein, high light reflectance means that the surface layer of the

fibermstructuresis denseranth atsodhiafibeescoes notioem alwadle and is

opened
structure in the present invention is covered with
ultrafine fibers (B) 1is determined by the following
method. First, any position of the surface of the
fiber structure is observed by TEM or SEM and a
single fiber diameter of 30 fibers sampled at random
is measured by using image procesgssing software or
directly measuring it on a printed photograph, and
then it is confirmed that the fiber diameter is 1 um
or less. Next, the surface of the fiber structure is
observed by SEM or an optical microscope under
magnification of 50 times and it is confirmed that
void spaces do not substantially exist on the surface.
The expression “void spaces do not substantially
exist on the surface” as used herein refers to the
fact that 10 or less void spaces in a size of 10 um’
or more exist in a region of 2 mm square by observing
under magnification of 50 times.

In the present i1nvention, the fibers (B} with

which the surface is covered are preferably dispersed
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in a state closer to monodispersion. That is, when the fiber structure is
used as a polishing cloth, since the structure has high light reflectance,
abrasive grains do not move to an internal layer in the polishing cloth
during polishing and remain on the surface and also abrasive grains are
firmly held by fibers and less abrasive grains are agglomerated, and thus
polishing with excellent smoothness can be conducted. When the light

. _reflectances less than 80%, since the deqgree aof opening of the fibgr is
S I L R e - SRk ren 0 (e P e

a1Rgterahly;8Q% or morg. and,mare, rreferably 90% of mare. Thedight 4

retlectance of the present invention is a relative value assumed that the
avlightreflectance of a standard white board defined in JIS P8152
(2005-Version) is 100% and there is no theoretical upper limit and also

the light 26 tefleetapee nay execeslrl 00k depeading wnithe fberi on
structure of the present invention. When the fiber diameter is excessively
p réefeaaspd g0 as 40 enkanceatbe lightgaflectante deseribed hercimafter.or
the fibers are likely to be cut and polishing may become unstable.
mofterefols tielight refflebtahdéerist pretefalsly L 8006 @r fessnFhetfier the
structure having a high light reflectance can be achieved by making
surface layer of the fiber structure is dense and
also thin fibers does not form a bundle and is opened
in a state closer to monodispersion. That is, when
the fiber structure is used as a polishing cloth,
gince the structure has high light reflectance,
abrasive grains do not move to an internal layer in
the polishing cloth during polishing and remain on
the surface and alsc abrasgive grains are firmly held
by fibers and less abrasive grainsg are agglomerated,
and thus polishing with excellent smocothness can be
conducted. When the light reflectance is less than
80%, since the degree of opening of the fiber is
insufficient so as to hold the abrasive grains, the
light reflectance is preferably 80% or more, and more
preferably 90% or more. The light reflectance of the
present invention 1s a relative value assumed that
the light reflectance of a standard white board

defined in JIS PB8152 (2005-Version) is 100% and there

is no theoretical upper limit and also the light
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fibers of a surface layer to be very fine and allowing them to exit in a
dense state. Herein, the light reflectance depends on the size of a
specific surface area of the fibers on the surface of the fiber structure.
That is, as the specific surface area increases, the reflectance becomes
higher. In the present invention, the surface layer is substantially
composed only of fibers and it is necessary that fine fibers are allowed to

st _densely on the surface Jaye if the surface layer is covered with
rtlis LRt b AN b e o st

& tPNYUE D h8trﬁ§ f'%g@a@%v?gg oxit ﬁti%ﬂ?&ﬂ%%['% S If the, Srface.layegris

covered wit ers without clearance, all fibers are suitably arranged

ailingary Insuch a state,;since A force of fixing fibers each Jothendoes not

exist, the form cannot be retained and 27 thus it is impossible to obtain a

¢ Hftbet sirycture whigh cam be uged as-apelishing,clath o Fhesefore; Hiis

necessary to maintain the form through friction between the fibers by
f iiptersechweaving Knitingoorp@nghng the ibgrs 1Asa distanee pebeactine

the intersections of fibers decreases, a distance between the fibers
undecsdakes anthasre fBsul, the ight lreflectanceftaadiesnereases. Since

the distance
preferably 110% or less. The fiber structure having
a high light reflectance can be achieved by making
fibers of a surface layer to be very fine and
allowing them to exit in a dense state. Herein, the
light reflectance depends on the size cof a specific
surface area of the fibers on the surface of the
fiber structure.. That is, as the specific surface
area increases, the reflectance becomes higher. In
the present invention, the surface layer is
substantially composed only of fibers and it is
necessary that fine fibers are allowed to exist
densely on the surface laver as if the surface 1ayer‘
is covered with the fibers without clearance in order
to adjust the light reflectance to 80% or more. In
order to allow to exit fiber densely as 1f the
surface laver 1s covered with the fibers without
clearance, all fibers are suitably arranged linearly.

In such a state, since a force of fixing fibers each

other does not exist, the form cannot be retained and
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between the intersections of fibers can be decreased as the fibers are
easily bent, it is important that the fibers of the surface layer are made to
be thin. In addition, it can be achieved by bending the fibers using a
strong force. That is, fro example, the light reflectance can be increased
by a method of decreasing the diameter of the single fiber to 1 m or less
or forcibly bending fibers at random by a force of a high-pressure fluid
flow tp decrease a distance between tangles. A method of injecting a
thfﬁé' h-f)rtesél? reme%cffoﬁvﬁg%epa%rﬁ)cu?agrﬁ/ap%’fer%b yl m%ﬁo%ts]fjrjflc%tlt@ﬁafgs the

wepts.of supstarially tignina fipers y dispersjng g bundlg oL fhers In 2
i : - !

monofilamentous state. The term "light refleCtance in the present

i dnventipn'-assused.herein refersido avalye.measured: By HeRIQWRG ¢ 5 on

method. That is, it I1s a 28 reflectance determined by measuring an

peavprage taflectancr ofyefigctances measuredal 38 tp, 780hnre cavesy br
nm using a spectrophotometer is measured with respect to 3 samples

t agodectad fremdhe swéace layerspertien atanyposiven okibe fivee

structure, followed by simple averaging of the obtained values. A
i nstandaed: white1board aftathedsto dnapparatus,is aus@édstance between
the fibers decreases and, as a result, the light
reflectance can be increased. Since the distance
between the intersections of fibers can he decreased
as the fibers are easily bent, it is important that
the fibers of the surface layer are made to be thin.
In addition, it can be achieved by bending the fibers
using a strong force. That is, fro example, the
light reflectance can be increased by a method of
decreasing thé diameter of the single fiber to 1 um
or less or forcibly bending fibers at random by a
force of a high-pressure fluid flow to decrease a
distance between tangles. A method of injecting a
high-pressure £luid flow 18 a particularly preferably
method since it has the effects of gubstantially
thinning fibers by dispersing a bundle of fibers in a
monofilamentous state.

The term “light reflectance in the present

invention” as used herein refers to a value measured

by the following method. That is, it is a
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The fiber structure of the present invention preferably has air permeability
of 2 cc/lcm2/sec or less. As air permeability as used herein, a value
measured according to a method (Frazier method) defined in JIS L-1096
(1999-Version) is used. Since the fiber structure of the present invention is
composed mainly of fibers and a lot of very small void spaces exist in the
fiber structure, air permeability does not theoretically become zero.

r Hquever, according (o e method defined. i J19,L-1096, (1999, Yersion)
It may bacsime 2 measuring limi of the apparapt‘gs 5izeto. Theretore, in

- s piesepventon, LSS o cneeli e Imigi . 700

permeability of the fiber structure and the lower limit is substantially zero.

e When theqlr l%%”‘ﬂ‘?é‘bigtyé? DeRSYEH J0E 2 OBeASULLMNU IS red with

conducted after setting the fiber structure so that the surface of the fiber

r eifpiste {3 a frogh kewersaicearmeability nreans depsensgss rof dhe fikgfer
structure, small void spaces between fibers, particularly less large void

pospeces: That isnwhes ghecstaictuse has bowraibpermeabilityr ahrasive

grains remains on the surface without being moved to an internal layer of
£ dhe fibercstivigtuse during averaging of the obtained values.
A standard white board attached to an apparatus is
used.

The fiber structure of the present invention
preferably has air permeability of 2 cec/cm?’/sec or
less.

As air permeability as used herein, a value
measured according to a method (Frazier method)
defined in JIS. L-1096 (1999-Version) is used. Since
the fiber structure of the present invention is
compoged mainly of fibers and a lot of very small
void spaces exist in the fiber structure, air
permeability does not theoretically become zero.
However, according to the method defined in JIS L-
1096 (1999-Version), it may become a measuring limit
of the apparatus o0or zZero. Therefore,.in the present
invention, it is difficult to specify the lower limit
of alir permeability of the fiber structure and the

lower limit is substantially zero.

When the air permeability is measured, the
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polishing, and thus polishing can be efficiently conducted. As the
polishing cloth; a polyurethane foam, a nonwoven fabric impregnated with
polyurethane, a woven and knitted fabric, and the like, have hitherto
been used. In the polishing cloth, it is considered that agglomerated
abrasive grains and polishing wastes cannot be charged if the polishing
cloth has low air permeability. Thus, there has been known a technique in

which air ermeabili(t:y is enhanged Q){:increasing the size of J%s of a
me@surem Qt 18 . nductﬁ) a eF ge l&% g%e 1ber
oam” structure of void spaces between fibers (for example; Japanése

s t%rﬁecxg trp g%eds%atgﬁtaa:u btlzl %aétiog L£§El§ai:i1)eN %];fzg%lélg.f?fz 5%1 Hs? ¥.IV re V%rture
there was not a conception that a high-performance polishing cloth is

i olyaiped, by lowering.qir pgrneghility. Aggording 1o-0e sresent lveatan,

it has been found that, by constituting a structure in which at least one 30

o SUrfRee isislibstagtially coered withfibers, sven it pgglomerated abrasive
grains and polishing wastes exist, an excessive load is dispersed

f ibpsadse efhigh degree Of freedam afthg enovementHh fbers, andthus is,
the occurrence of scratches can be suppressed unless large void spaces
whizetweeérethe tfiberstaxist. lhis sndreumpdrtand thah thelfibed stpuctwbrasive

having low air permeability remarkably reduces void
grains remains on the surface without being moved to
an internai laver of the f£iber structure during
polishing, and thus polishing can be efficiently
conducted. As the polishing cloth, a polvurethane
foam, a nonwoven fabric impregnated with polyurethane,
a woven and knitted fabric, and the like, have
hitherto been used. In the polishing cloth, it is
considered that agglomerated abrasive grains and
polishing wastes cannot be charged if the polishing
cloth has low air permeability. Thus, there has been
known a technigue in which air permeability 1s
enhanced by increasing the size of holes of a foam
structure or void sgpaces beitween fibers {(for example,
Japanese Unexamined Patent Publication {Kokai} No.
2001-198797). However, there was not a conception
that a high-performance polishing cloth is obtained
by lowering air permeability. According to the

present invention, it has been found that, by

constituting a structure in which at least one
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spaces between fibers of the surface layer and allows void spaces to
exist in a dense state, and thus lowering air permeability of the surface
layer of the fiber structure. Therefore, air permeability of the surface layer
is preferably 2 cc/cm'/sec or less. The permeability of the surface layer as
used herein is measured by the following procedure. When the thickness
of the fiber structure exceeds 0.3 mm, the thickness of the fiber structure

SulSﬁs%usted by S|i§3l rm% su%r{raes bgfl%% %hebsamsple ven if

ed SO as PO a US? ness ofrtﬁe fibers ructure at the SU ace

&gi%ﬁédfa@e%i”e{%@a%“ﬂé@e gyale ”&%"’&?Uggzaf’gﬂf ding 19 a; method
razier method) defined in JIS L-1096 (1999- Version) is used. In this

e X0PSE, It 5 Neeessans o, preyentdamagg of e fben SEUCtyg «PeiNgf o 1

holes and existence of very thin portion. When the 31 thickness of the
a fipee strustureie @ SJAMOF lask e aii peEReability measued withaut $li¢iRg s

or grinding is taken as air permeability of the surface layer. As described
t hereinafier rwherethe fibeesteuctine of dherpresent iipentcsis dtegratesls
with another fiber structure, plate-shaped body, film or the like, air
1 speymeatility ismeasured aeftergpeelinther grrndingsthesmtegrated another
fiber structure,

It is more important that the fiber structure
having low air permeability remarkably reduces void
spaces between fibers of the surface laver and allows
void spaces to exist in a dense state, and thus
lowering air permeability of the surface layver of the
fiber structure. Therefore, air permeability of the
surface layer 1s preferably 2 cc/cm?/sec or less. The
permeability of the surface laver as used herein is
measured by the following procedure.

When the thickness of the fiber structure exceeds
0.3 mm, the thickness of the fiber structure is
adijusted by slicing or grinding such as buffing and
the sample is adjusted so asg to adjustf%he thickness
of the fiber structure at the surface laver side to
0.3 mm, and then a value measured according to a
method {(Frazier method) defined in JIS L-1096 (1999~
Version) 1s used. In this case, it is necessary Lo

prevent damage of the fiber structure, opening of

holes and existence of very thin portion. When the
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plate-shaped body, film or the like. The method for production of a fiber
structure of the present invention includes forming a fiber structure
containing a polymer alloy fiber composed of a plurality of polymers each
having a different solubility; removing at least one kind of a polymer
among the plurality of polymers each having a different solubility of the
palymer alloy fiber, thereby developing an ultrafine fiber having a fiber

thqiém%% of 91(% 19.1,00Q o fo give.a,finey bundlg %?%iS%i é%ff #hel ess

assembled ultrafine fibers; and Injecting a high-pressure ow at 0.1

a 11 20MRR B the fbersiiugieconiaining thesfiber byndie cogsisting: ofy

the assembled ultrafine fibers. The term "polymer" as used in the present

i sinventien refersato.a thermeniastic pelymee suahass pelyaster, pakyamide
or polyolefin; a thermocurable 32 polymer such as a phenol resin; and a

asbiapalymenrsigehnasBNAa Aerg thesena hreMadlasiic polymatisire of
preferred in view of moldability. A polycondensation polymer such as

t hjpolyestey e polyamidetis omore prefetablyrsiroedt oftenthasrechigle melting
point. It is preferred that a melting point of a polymer formed into an

f igeafinetfiber sfteraempliag at sduspede bipbiymeis bacomavidgea 1ike,

different
air permeability is measured after peeling or

grinding the integrated another fiber structure,
plate-shaped body, film or the like.

The method for production of a fiber structure of
the present invention includes forming a fiber
structure containing a polymer alloy fiber composed
of a plurality of polymers each having a different
solubility; removing at least one kind of a polymer
among the plurality of polyvmers each having a
different solubility of the polymer alloy fiber,
thereby developing an ultrafine fiber having a fiber
diameter of 10 to 1,000 nm to give a fiber bundle
consisting of the assembled ultrafine fibers; and
injecting a high-pressure fluid flow at ¢.1 to 20 MPa
into the fiber structure containing the fiber bundle
consisting of the assembled ultrafine fibers.

The term “polymer” as used in the present
invention refers to a thermoplastic polymer such asg

polyvester, polvamide or pelyolefin; a thermocurable
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solubility described hereinafter is 165C or higher since the ultrafine fiber

has satisfactory heat resistance. For example, polylactic acid (PLA) has a

melting point of 170C, polyethylene terephthalate (PET) has a melting

point of 255C, and nylon 6 (N6) has a melting point of 220C. The polymer

may contain additives such as particles, flame retardant, antistatic agent

and the like. The polymer may also be copolymerized with other

omponents as long as _properties of the polymer are.not impaired. In the

OB TRashorh St Sarbilt Feldts o Aferrb SSlEONg g =
a sCqS1in soluenty, gnd fhe-solvent tefers fo.water, @n alkall solition.; gn

acidic solution, an organic solvent, a supercritical fluid or the like. As long

praF 1 Adyersg influgnce;is npLexeried onapher acharagienistige ida t s on
preferred in view of stability 33 of steps that a difference in solubility is

polatarE sinseanlaa pelymee Badng kigh selulility caa be sseleatively
removed. Hereinafter, a polymer having relatively high solubility may be
p riefesesliio s ai seluble polymesvhergas apblymen daving gelatbety: .
low solubility may be referred to as a slightly soluble polymer. Next, the
I tpalymeradloy fiberdn theapresemtel ting point of a polymer
formed intb an vwltrafine fiber after removing at
least one of polymers each having a different
solubility described hereinafter is 165°C or higher
gsince the ultrafine fiber has satisfactory heat
resistance. For example, polyvlactic acid (PLA) has a
melting point of 170°C, polyethylene terephthalate
{PET) has a melting point of 255°C, and nylon 6 (N&)
has a melting point of 220°C. The polymer may contain
additives such as particles, flame retardant,
antistatic agent and the like. The polymer may also
be copolymerized with other components as long as
properties of the polymer are not impaired.

In the present invention, different scolubility
refers to different solubility in a certain solvent,
and the solvent refers to water, an alkali solution,.
an acidic solution, an organic solvent, a
supercritical fluid or the like. As long as an

adverse influence 1s not exerted on other

characteristics, it is preferred in view of stability
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invention will be described. In the production method of the present
invention, two or more kinds of polymers each having a different solubility
are alloyed to give a polymer alloy melt, followed by spinning and further
fiberization through solidification by cooling. If necessary, drawing and a
heat treatment are conducted to obtain a polymer alloy fiber. It is
important that a soluble polymer is employed as a sea (matrix) and a

oSty solible polymers emploved ag an and (domain) n the polymer
alloy fiber as a precursor of the ultrafine fibef and also the'island size Is

« 1 Grolied singe an, island.companent is formed jnto,ihe yitrafing, fiber by

removing a sea component of the polymer alloy fiber. Herein, the size of
s etNedslandiis fetermined sby ohserving the.coss-sechion ohibe PRIYER o

alloy 34 fiber using a transmission electron microscope (TEM), followed

r ey @viajuation in terms of a diametsr. finge Yhe diametarof theauligafing

fiber nearly depends on the size of the island in the precursor, distribution
soQfiibe islandisizeds desigredaccordingtoldianeter distribytior ohthévely

ultrafine fiber of the present invention. Therefore, kneading of the polymer
1 oto beo akayed :is:\xaerylémpchrtanr arficchigh &neadingisa slightly
soluble polymer.

Next, the polymer alloy fiber in the present
invention will be described. In the production
method of the present invention, two or more kinds of
polymers each having a different golubility are
alloyed to give a polymer alloy melt, followed by
spinning and further fiberization through
solidification by cooling. If necesgsary, drawing and
a heat treatment are conducted to obtain a polymer
alloy fiber.

It is important that a soluble polymer is
emplioyved as a sea (matrix) and a slightly soluble
polymer is employed as an island (domain) in the
polymer alloy fiber as a precursor of the ultrafine
fivber and also the island size 1is controlled since an
island component is formed inteo the ultrafine fiber
by removing a sea component of the polymer alloy

Fiber. Herein, the size of the island is determined

by observing the cross-section of the polymer alloy
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preferably conducted by a kneading extruder or a static kneader in the
present invention. It is important to use the polymer alloy fiber obtained
from the polymer alloy in the present invention. Since the thickness of the
finally obtained ultrafine fiber becomes uniform by making a once alloyed
polymer, followed by fiberization, and also the length of the ultrafine fiber
is limited, it becomes possible to disperse easily and uniformly by the

£ fibsequent reatment of the high:pregsure flid, flow. This cannot By
Aéhieved in thefiber obtained by a method of comrlglnlng a pIuPaT*lty o] '

£oRQ¥MELNaNS compesed;of,a single kipd of g polymer INASRIMNING g 3 1 c

machine or a spinneret, or a method of mixing tips composed of one kind
tn@f RAWDEL follgwed by direct-spinniag. Altheyana sRadificRoyt dgEng »

kneading depends 35 on the polymer to be used in combination, when a

thkneading extruderds usad Adwinisore extrusialy kReaded issreferalii on
used for kneading. When a static kneader is used, the number of

o fpajHtionsds fiefeablyeset 0 £,600.60@ ar mokes Hds preferreddhatibe e r
size of the island is smaller since the finally obtained fiber is thin, and a

d ieombipatiohat polymersisalsorimportentf iber of the present

invention. Therefore, kneading of the polymer to be

alloyed is very important and high kneading is

preferably conducted by a kneading extruder or a

static kneader in the present invention.

It is important to use the polymer alloy fiber
obtained from the polymer alloy in the present
invention. 8Since the thickness of the finally
obtained ultrafine fiber becomes uniform by making a
once alloyed polymer, followed by fiberization, and
also the length of the ultrafine fiber is limited, it
becomes possible to disperse easily and uniformly by
the subsequent treatment of the high-pressure f£luid
flow. This cannot be achieved in the fiber obtained
by a method of combining a plurality of polymer {lows
composed of a single kind of a poelymer in a spiﬁning
machine or a spinneret, or a method of mixing tips
composed of one kind of a polymer, followed by direct
spinning.

Although a specific point during kneading depends
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In order to bring a shape of a cross-section of an ultrafine fiber into a
circle shape as close as possible, the island polymer and the sea polymer
are preferably incompatible. However, a simple combination of the
incompatible polymers results in the difficulty in sufficiently ultrafine
dispersion of the island polymers. For this reason, itis preferable to
optimize compatibilities of the polymers to be combined, and one of
indicators to do the optimization is g solubility parameter (SP vaIueE%.

OGRS B Valit 1§ 8 phiietePreRBaRG "ot 8le HBE B

erPaigtial, which s, defined as, (evgporatin, qnerqyimolar valyme), 112, and
|?po ymgrs ﬁavmg S6se 8p'Vafties afe used, a pofg/mer aﬁ(oy aving

kn@2PAcompatipility may.be obtaingd. The, SR values of varigus polymers

have been known, and are “described in "Plastic Data Book" (co-edited by

s tAsahi 3§ Kasel AMIDAS Go gLtd/Rlastic,gditotial depadment, page 189

and other pages). If a difference in SP value between two polymersisin a

pridnge abl o & {MJIa3)1/2dandh munding ohHedsland domain due to
becoming incompatible and an ultrafine dispersion are easily established,

whichds preferable srarsexamiple; the diffetenee 4ESR Nalue HetveeniNG

and PET is approximately 6 (MJ/m3)1/2which is a favorable
smaller since the finally obtained fiber is thin, and
a combination of polymers is also important

In oxrder to bring a shape of a cross-section of

an ultrafine fiber into a circle shape as close as
possible, the island polymer and the sea polvmer are
preferably incompatible. However, a simple
combination of the incompatible polymers results in
the difficulty in sufficiently ultrafine dispersion
of the isliand polymers. For this reason, it is
preferable to optimize compatibilities of the
polymers to be combined, and one of indicators to do
the optimization 1s a solubility parameter (SP wvalue).
Note that the SP value 15 a parameter reflecting
cohesive force of a material, which is defined as
(evaporation energy/molar volume)lm, and if polymers
having close SP values are used, a polymer alloy
having good compatibility may be obtained. The 8P

values of varicus polymers have been known, and are

described in “Plastic Data Book” {(co-edited by Asahi
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éxample; however, in the case of N6 and Polyethylene (PE), the
difference in SP value therebetween is approximately 11 (MJ/m3)1/2,
which is one of unfavorable example. Also, if a difference in a melting
point between polymers is 20C or lower, particularly at the time of
kneading with the use of an extruding kneader, a difference in a molten
state therebetween in the extruding kneader is unlikely to arise, resulting
in _high efficient kneadin hich |s preferable, Also, .when_a polymer that
K8 Tke o B theriRally HECongbbad bF therally delébratee B Rha o6
padfl® £TPENENtEaGing 20d spinning jemperaiujes Should be <o
uppresseg ?ow, WHICh has also an advantage. Note" that an amorphous

vaRQMgNasamelyaa paint, aad thereforg glass. yansitiqntempetatuye,

Vicat softening temperature, or thermal deformation 37 temperature is

(uepptifuted fop theymelting.painty RyFthen dneftyiscrsityss alsodmaaianto
and setting a melt viscosity of a polymer containing an island part to be

belowrrthan that ok RelyBee coptaining a sea-pat fesiliteiestBesion are
deformation of the island polymer due to shear force, resulting in

e afadilitatingsam blirabnesdispersiar: bf the istand fpotwnerewhicBdsr example,
preferable in terms of processing

the difference in SP value between N6 and PET is

approximately 6 (MJ/mB)“Q, which is a favorable

example; however, in the case of N6 and Polyethvlene

(PE), the difference in SP value therebetween is

approximately 11 (MJ/m’)*/?, which is one of

unfavorable example.

Also, 1f a difference in a melting point between
polymers is 20°C or lower, particularly at the time of
kneading with the use of an extruding kneader, a
difference in a molten state therebetween in the
extruding kneader is unlikely to arise, resulting in
high efficient kneading, which is preferable. Also,
when a polymer that is likely to be thermally
decomposed or thermally deteriorated is used as one
component, kneading and spinning temperatures should
be suppressed low, which has also an advantage. Note
that an amorphous polymer has no melting point, and

therefore glass transition temperature, Vicat

softening temperature, or thermal deformation
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polymers into nanofibers. However, setting the viscosity of the island
polymer to be too low causes the change of the polymer into a sea state
to be facilitated, whereby a blend ratio to the whole fibers cannot be
increased, and therefore it is preferable to set the viscosity of the island
polymer to be 1/10 or more of that of the sea polymer. A blending ratio of
the island polymer is important from the viewpoint of increasing a basis
weight of the fiber structure. For example, when the blending ratio of the
L qEBRT BoIyMer 5SL09s By WeiGRE afe bagis Warhi6fthéd ABertriiture is
reduced to about 1/10 of the initial basis Werght if the entire remaining

90% By Wttt of fifetdea pofynfiet i tenicved ! fife fldBPStFUdRE . and

becomes a Ioose structure and thua?rmensronal stabilit drastrca,l
= e taTatds. oa& B TRBOYE ditferiRar By BPRESBHHEE 20

ructure th blen ratio of the_island mer prefer bI 0% by
T G e o o e ferat Aodtig Blhes

Werg more and more pre Y weight or fnore, based on

dh& §9t¢ nRplymeralloy fiper. Since itP€89@%s Q'ﬁ&“'&é"f&%‘@& H of

island when the blending ratio of the island polymer increases, the

e tendingratio ghtherisland palymer sHurgferablyrsel (o 6Q% by weight of
less, although it depends on melt viscosity balance
facilitating an ultrafine dispersion of the island
polymer, which is preferable in terms of processing
polymers into nanofibers. However, setting the
viscosity of the island polymer to be too low causes
the change of the polymer into a sea state to be
facilitated, whereby a blend ratio to the whole
fibers cannot be increased, and therefore it is
preferable to set the viscosity of the island polymer
to be 1/10 or more of that of the sea polymer.

A blending ratio of the island polymer is
important from the viewpoint of increasing a basis
welight of the fiber structure. For example, when the
blending ratio of the island polymer is 10% by weight,
the basis weight of the fiber structure is reduced to
about 1/10 of the initial basis weight if the entire
remaining 90% by weight of the sea polymer is removed,
the fiber structure becomes a loose structure and

thus dimensional stability drastically deteriorates.

In order to improve dimensional stability of the
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with the sea polymer. In the polymer alloy, since the island polymer is
incompatible with the sea polymer, the island polymers are
thermodynamically stable by mutually agglomerating the island polymers.
However, the island polymer is forcibly dispersed ultrafinely, and thus
there are a lot of very unstable polymer interfaces compared with a
polymer blend having a conventional dispersion diameter in this polymer

£ 810y. Thersfors, when dhe pelymeralioy issimply spun, becatioe of g o
of very unstable polymer Interfaces, there arises a "Barus phenomenon

poillytbich the palyraerfloy laragysswells jmgdiately, aftgrdischarging,the,

polymer through the spinnéeret, and poor spinnability due to the

pridnsiahilized pebnes alloy syraceArisgs.resultingsin gxegssivedhick and e
thin evenness of the yarn and impossible spinning. 39 In order to avoid

pothese problems, ashparstress ibptweanaspipserekhele wali and 8 to
polymer upon discharge through the spinneret is preferably lowered.

f olereim ashear steeks hatweear spirmebatdwteiwall aad apotymer ks
calculated from the Hagen-Poiseuille formula (shear stress (dyne/cmZz) =

i sRaRI2DeWharein Riis acadias of the spmhered disgharge hole¢dm); e
is pressure loss at the spinneret discharge hole

island polymer is preferably set to 60% by weight or

less, although it dependé on melt viscosity balance

with the sea polymer.

In the polymer alloy, since the island polymer is
incompatible with the sea polymer, the island
pelymers are thermodyvnamically stable by mutually
agglomerating the island polymers. However, the
island polymer is forcibly dispersed ultrafinely, and
thus there are a lot of very unstable polymer
interfaces compared with a polymer blend having a
conventional dispersion dliameter in this polymer
alloy. Therefore, when the polyvmer alloy ig simply
spun, because of a lot of very unstable polymer
interfaces, there a?ises a “"Barus phenomenon” in
which the polymer f£flow largely swells immediately
after discharging the polymer through the spinneret,
and poor spinnability due to the unstabilized polymér

alloy surface arises, resulting in excessive thick

and thin evenness of the yarn and impossible sgspinning.
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(dyne /cmZz), L is a length of the spinneret discharge hole (cm), and P =
(8LgQ/itR4), wherein Tj is polymer viscosity (poise), Q is a discharge
amount (cm3/sec), and itis a circular constant. 1 dyne/cmZ of a CGS

unit system becomes 0.1 Pa in an Sl unit system. For example, in the
conventional melt-spinning of a polyester, a shear stress between a
spinneret hole wall and a polymer is 1 MPa or more, and is preferably set
to 0.3. MPa or less when a polymer alllo%/ in the present invention is

Iom8it-85iin. E3r 8 tehsbi °the sBihREkERSie dhnft&Ends o Bes

b@lg%rgg%edaa_nsd t_tﬂggglpg r qug Ieng kitegglsdto be d?creased. When

a . r upon
SUCh an action is excessively” condlcted, measyrabifity of the polymer at

a1 SRUPgEt hele datpriongfes and fiys.ynevenness, of, BRENass and oy e req .

deterioration of spinnability occur. Therefore, it is preferred to uSe a

He%?&ﬂ?feté"awﬂg 40 a_sp_cg)gg%r Reasydag pgrtigrg, ahthe H@E?rrﬁpi@o%%xflal
discharge hole. Specifically, the polymer measuring portion is preferably

ardasite ip yiighear-halg digmeder isisaraller-than thed olithg gischargedwler 1 e
In view of sufficiently ensuring spinnability and spinning stability in

£ JRRItrSRINNIBG SasPiRNEFRldaCe| dgmReratite is-prafexakty setin avange«fn
from a melting point of a sea polymer to 25C or higher. As

R is a radius of the spinneret discharge hole (cm), P
is pressure loss at the spinneret discharge hole
(dyne/cm?®), L is a length of the spinneret discharge
hole (c¢m), and P = (8LMQ/nrR4), wherein n is polymer
viscosity (poise), Q@ is a discharge amount (cm’/sec),
and ®w is a circular constant. 1 dyne/cm2 of a CGS
unit system becomes 0.1 Pa ir an SI unit system.

For example, in the conventional melt-gpinning of
a polyester, a shear stress between a spinneret hole
wall and a polymer is 1 MPa or more, and is
preferably set to 0.3 MPa or less when a polymer
alloy in the present invention is melt-spun. For
this reason, the spinneret hole diameter tends to be
increased and the gspinneret hole length tends to be
decreased. When such an action is excessively
conducted, measurability of the polymer at a
spinneret hole deteriorates and thus unevenness of

fineness and deterioration of spinrability occur.

Therefore, 1t is preferred to usge a spinneret having
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described above, when the ultrafinely dispersed - polymer alloy used in the
present invention is spun, design of a spinning spinneret is important and
cooling conditions of a yarn is also important. As described above, the
polymer alloy is a very unstable molten fluid and is therefore preferably
solidified by cooling immediately after discharging through a spinneret.
Therefore, a distance from the spinneret to the beginning of cooling is

preferably setin a range from 1 to 15 cm. Herein, the term "beginning of
2 ROIAG  TriedhS e postforRiidre PBsithfe Codfing R fiie Rk %ﬁﬁiﬁat%& a

and i laced b hi d portion i tual .
I REREFAInG Upparat® Ay dpeed ok ailahy TAREY Hpe

is preferably a high_speed.in view of increasing,a, draft in.the spinnin
P D e et iy S LA 8P W

1 £f decreasing s gbtained uligafipg fiber,diargeter, Jhg spun polymer

alloy fiber is preferably subjected to drawing and a heat treatment, and
yarn ryneyepness £an.be decreased by setting-a piehepting femneratire ng

upon drawing to a temperature of a glass transition temperature (Tg) or
sghigher akthe dslanich pelymef. melt-spinning, a spinneret face
temperature ig preferably set in a range of from a
melting point of a sea polymer to 25°C or higher. As
described above, when the ultrafinely dispersed
polymer alloy used in the pregsent invention is spun,
design of a spinning spinneret is important and
cooling conditions of a yarn is also important. As
described above, the polymer alloy is a very unstable
molten fluid and is therefore preferably sclidified
by cooling immediately after discharging through a
spinneret. Therefore, a distance from the spinneret
to the beginning of cooling is preferably set in a
range from 1 to 15 c¢m. Herein, the term “beginning
of cooling” means the position where positive cooling
of the varn ig initlated, and is replaced by a
chimney upper end portion in an actual melt-spinning
apparatus.

A spinning speed is not particularly limited, but

is preferably a high speed in wview of increasing a

draft in the spinning process, A spinning draft of
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The form of the polymer alloy fiber can be appropriately selected from, in
addition to a fiber having a round cross-section as a simple single
component, a composite fiber, a crimped fiber, a modified cross-section
fiber, a hollow fiber and a false twisted fiber composed of different or
same kind of a polymer, and a spun yarn, a covering yarn and a hard
twist yarn composed of short fibers according to the purposes. Next, a
fiber structure including the polymer alloy fiber is formed. The fiber

LOrREurd RGPt arteuRF§ Hifed hid BR&FRNESs tereof HEIWE a woven
fabric, a knitted_fabric, a nonwqven_fabric_and aggggosit thereof, and a

dehipotd Hith o8 Bl tRan Hbdrs itk s And hbRuféthane

foam_resin. Typical examples af the knitted fabric include, but are not
B e O et (e b R Pt

s B9S. ARileitdghric; g plain, knitfapie, an intgrlack knit fabricand, thg

like. Typical examples of the woven fabric include, but are not limitéd to, a
uridaie neave fakyic, 8 dwil woven fabsiciapd @satin woven dabricf i ng

single, double, triple or multiple structure; and a double velvet woven
cdalyicrasingle pil/plutt pile double velvetevgyen fablieecabt a glass
transition temperature {Tg}) or higher of the island
polymer.

The form of the polymer alloy fiber can be
appropriately selected from, in addition to a fiber
having a round cross-section as a simple single
component, a composite fiber, a crimped fiber, a
modified cross-section fiber, a hollow fiber and a
false twisted fiber composed of different or same
kind of a polymer, and a spun varn, a covering yarn
and a hard twist varn composed of short fibers
according to the purposes.

Next, a fiber structure including the polymer
alloy fiber 1is formed. The fiber structure is not
particularly limited and examples thereof include a
woven fabric, a knitted fabric, a nonwoven fabric and
a composite thereof, and a composite with those other
than fibers, such as a film and a polyurethane foam

resin. Typical examples of the knitted fabric

include, but are not limited to, a satin tricot knit
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interlock velvet woven fabric, a chinchilla-like woven fabric and the like.
The nonwoven fabric can be produced by employing a method in which
short fiber made of a polymer alloy is formed and then a nonwoven fabric
is obtained by card or paper making or a method in which a nonwoven
fabric is directly formed from a polymer alloy using a melt-blow method

or a spun-bond method. If necessary, a resin or a chemical can be
applied to the fiber structure and the surface can be processed by gi |ng

Fafmisss, &nd 4Ro ]ﬁBéTE chABE L&t by meBdIE phrdHiRFardiverd &

tanqled g}/la high ressure flui flow I |s also Po%smle to £roducea

& Rmpos fLrom er FstfuctiteS by fifedid punchlng or-d high- pres%%?elo{:k

rt)ulcd 'giaof‘t 85'”%8 l%lﬂder A cordln Iﬁ)th((’_gt,;lo{esenglmv«gntgnhzix f| %r 43

undie containing assemb traflne Bers i~ obtaine: y eluting a

wdGagily sojiiple. p%ﬂﬂ@u@?ea Sﬁﬂ polymer frgm the thus ohtained fibep 5 ;

structure |nclud|ng polymer alloy fibers. Herein, the larger the number of

wdHtrafing fipers.obtajned, by eluting, &he seamRolwmey fom the polymer gl
fiber, the better the degree of mixing the polymer in the polymer alloy
f dibek @ang thesshortegthe lergihiple, triple or multiple
structure; and a double velvet woven fébric, a single
pile/plural pile double velvet woven fabric, an
interlock velvet woven fabric, a chinchilla-like
woven fabric and the like. The nonwoven fabric can
be produced by employing a method in which short
fiber made of a polymer alloy is formed and then a
nonwoven fabric is obtained by card or paper making
or a method in which a nonwoven fabric is directly
formed from a polymer alloy using a melt-blow method
or a spun-bond method.

If necessary, a resgin or a chemical can be
Iapplied to the fibe£ structure and the surface can bhe
proceséed by gigging or press, and also fibers can be
cut by needle punching and fibers can be tangled by a
high-pressure fluid flow. It is also possible to
produce a composite from fiber structures by needle
punching or a high-pressure fluid without using a

binder.

According to the presgent invention, a £fiber
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the ultrafine fiber. Therefore, the fiber after treating with a high-pressure
fluid flow is excellent in dispersibility. In view of reducing environmental
burden, it is preferred to use, as a solvent for dissolving a readily soluble
polymer from the polymer alloy fiber, an aqueous solution-based solvent.
Specifically, it is preferred to use a neutral to alkali aqueous solution. The
neutral to alkali aqueous solution as used herein is an aqueous solution
having a pH of 6 to 14 and a chemical to be used is nat particularly

PRI, EGFE@AMpIE the® BR&MRAFTay bé &R &didous SBREGN +©

containing ,organjc or.inorganic salts, which exhibits the pH in the above
Ao S YA DISG f thenchEmASh] 11,08 At onbich SANS St ad
u
sea

R e o N RS Ry T R

carpbona ogen carbonate; an aline 44 earth me

1 SRS é‘i%a%%aﬂ?&hrg hygdroxide apd,magnesiym hydroxide|fngcesgary.

amines such as friethanolamine, diethanolamine and monoethanolamine,

£ Hedyglinp aeceleralors, CaHiers apdihe ikesanaalae Be ysedituting
combination. Among these, sodium hydroxide is preferable in view of cost

t reedLage pb hardlingr Fuithermere d iy preferred that the 1sbeet ishe
subjected to a treatment with the above
better the degree of mixing the polymer in the
polymer alloy fiber, and the shorter the length of
the ultrafine fiber. Therefore, the fiber after
treating with a high-pressure fluid flow is excellent
in dispersibility. In view of reducing environmeﬁtal
burden, 1t is preferred to use, as a solvent for
dissolving a readily soluble polymer from the polymer
alloy fiber, an agqueous solution-based solvent.
Specifically, it is preferred to use a neutral to
alkéli agueous scolution. The neutral to alkali
agqueous solution as used herein is an agueous
solution having a pH of 6 to 14 and a chemical to be
used 1s not particularliy limited. For example, the
chemical may be an agueous solution containing
organic or inorganic salts, which exhiblts the pH in
the above range, and examples of the chemical include
alkalli metal salts such ag sodium hyvdroxide,
potassium hydroxide, lithium hydroxide, sodium

carbonate and sodium hydrogen carbonate; and alkaline
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neutral to alkali aqueous solution and optionally neutralized or washed to
remove the remained chemical or decomposing products, followed by
drying. Therefore, as the readily soluble polymer, alkali-hydrolyzed
polymers such as polyester; and hot water-soluble polymers such as
polyalkylene glycol, polyvinyl alcohol and derivatives thereof are
preferably used. By such a production method, there can be obtained a
fiber bundle in which ultrafine fibers having a fiber length of several tens

© %5F FltcrBf hicterS Sbhietimas ReAtinGidrltGrierark ¥eZEHBIES. 1A e

resent invention, it is, necessary that the diameter of the ultrafine_fiber is
nAGRGT 1L, BHA TORb A ably HoMPRFR T6E b, VIFLHIRE iBAS" a5

diameter is Jess.than 1% nm Benaci y and abrasi%p resistan%e becgme.
trie allgiamine, lﬁt ag? amine .an dn%noet ano agllne,
insufficient because ‘of too low iber tenacity, and thus It is impossible

42488 a5 a nalishipg cloth, awiper.qrthe like. Incontragt, whep the. fiber

diameter exceeds 1 m, flexibility and high surface area as features of the

a Mieafipe fibels gannot be btained:and the gisparsiopiaffeets of the; finer

due to a high-pressure fluid flow are insufficient, and thus the object of
hlFe-presar! inyeptioncanaeie achieyedw of cost and ease of
handling. Furthermore, it is preferred that the
sheet is subjected to a treatment with the above
neutral to alkali agueous soclution and cpticnally
neutralized or washed to remove the remained chemical
or decomposing products, followed by drying.

Therefore, as the readily soluble polymer,
alkali-hyvdrolvzed polyvmerg such as polyvester; and hot
water-scluble polymers such as ﬁolyalkylene glycol,
polyvinyl alcohol and derivatives thereof are
preferably used.

By such a production method, there can be
ocbtained a fiber bundle in which ultrafine fibers
having a fiber length of several tens of micron meter,
sometimes centimeter-order are assembled.

In the present invention, it is necessary that
the diameter of the ultrafine fiber is 1 pm or less,
and is preferably from 10 nm to 1 pm. When the fiber

diameter is legss than 10 nm, tenacity and abrasion

resistance become insufficient because of too low
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It is necessary that the fiber bundle containing assembled ultrafine fibers
has a number average fiber diameter of 3 m or more. The fiber bundle in
which a number ratio of ultrafine fibers having a diameter of 10 to 500
nm constituting the fiber bundle is 60% or more is preferred since the
fiber diameter has high uniformity and thin fibers do not coexist and thus
a surface having high smoothness containing fibers dispersed highly can
be obtained after treating with a high-pressure fluid flow treatment. In the
£ ip&dent RaftiohY theddidmERESf the WFafhBRiBESS Bbferhmed B§ the 2
following procedure. Using a TEM photograph of a fiber cross- section, an
PQiraiine fiBercr8ddise@iofdiRfda R X ddtlinined 5y imatR prodkssng -

software and then a single fiber diameter is determined assuming that the

Wit iiiFafih8 fiodr R a AR tidss S8EfHY A6 Thé Prodbtfidh-mathbl b 27

» {iPiesentaienion Jngudes giecting 2 high-pressue fludfiaiLing,a, .
Hiber structure inc uding an ultra ine fiber bundle. The expression

caIEEHNG,a highepressue fluig flowe ag usgd herelymeans.collision of ay o

liquid under 0.1 MPa or more against the fiber structure, which aims at

£ Mpnodispersing andropening.af fauulgalingfiber. shhaicaidused in such
a treatment is preferably

insufficient, and thus the object of the present

invention cannot be achieved.

It is necessary that the fiber bundle containing
assembled ultrafine fibers has a number average fiber
diameter of 3 um or more. The fiber bundle in which
a number ratio of ultrafine fibers having a diameter
of 10 to 500 nm constituting the fiber bundle is 60%
or more is preferred since the fiber diameter has
high uniformity and thin fibers do not coexist and
thus a surface having high smoothness containing
fibers dispersed highly can be obtained after
treating with a high-pressure fluid flow treatment.

In the present invention, the diameter of the
ultrafiﬁe fiber is determined by the following
procedure. Using a TEM photograph of a fiber cross-
section, an ultrafine fiber cross-sectional area is
determined by image processing software and then a
single fiber diameter is determined assuming‘that the

ultrafine fiber has a circular cross-section.
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water in view of operability, cost, collision energy quantity and efficiency.
The liquid also include an aqueous solution, a dispersion and an
emulsion prepared by mixing water with other components, for example,
" an organic solvent, an alkali, an acid, a dye, a resin, a lubricant, a
softening agent, silicone, urethane and the like. A pressure of the
high-pressure fluid is set in a range from 0.1 to 20 MPa, and preferably
from 1 to 10 MPa. When the pressure is low, the dispersion effects of the
ultrafiRé& filer A& AGURicReht AR Lotfast PR e Prdsstife’i§ #do-Righ,
dropping-off of the ultrafine fiber occurs during the treatment and the

bl Sefierdr A€ Grok8E, vinid$hoP prafitet® The teith “ptéurd'diiné

.%Jid flow" as used herein refers to a pressure of the fluid inside a nozzje.
RS bR SIS RoP A 1 Shdcing  Hiarc - .

rarine 21 wn
-préssure 4 fioidis from
rPOUL 0 01004, andprgferahly fram, 2bgut 100 10.500MANLY £1 oy

I
IL 1 press .
IstanCe between nozzles is pre era%ly 1 mm &r less. The injection time

a 2Ndls BUMBercan bepptippally selected, When the regiment is,candugted
a plurality of times, the pressure and treating rate can also vary every
mHEeaypeRtoREOr4g inecting of thedighspresswg fdidre, which aims
at monodispersing and opening of the ultrafine fiber.
The liguid used in such a treatment is preferably
water In view of operability, cost, collision energy
quanﬁity and efficiency. The liguid also include an
agueous solution, a dispersicon and an emulsion
prepared by mixing water with other components, for
example, an organic solvent, an alkali, an acid, a
dve, a resin, a lubricant, a softening agent,
gilicone, urethane and the l1ike. A pressure of the
high-pressure fluid is set in a range from 0.1 to 20
MPa, and preferably from 1 to 10 MPa. When the
pressture is low, the dispersion effects of the
ultrafine fiber are not sufficient. In contrast,
when the pressure is too high, dropping-off of the
uvltrafine fiber occurs during the treatment and the
fiber structure is broken, which 1s not preferred.
The term “"pressure of the fluid flow” as used herein

refers to a pressure of the fluid inside a nozzle. A

diameter of the nozzle for injecting a high-pregssure
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flow, the fiber structure may be subjected to a water dipping treatment. In

order to improve quality of the surface, a method of relatively transferring

a nozzle head and a nonwoven fabric or a method of conducting a water

spraying treatment by inserting a wire gauze into space between

nonwoven fabric and a nozzle after interlacing can be used. In such a

treatment, it is preferred that a high-pressure fluid flow is uniformly

injected on the surface of the fiber structure. Specifically, a cover factor
£lybtdinéd by BRAYIRPAT &red bf R sttfaceBf the MfibeP SRG@ERR o1 which™

a water flow is applied, by the entire suyrface area of the fiber structure is

abgraferatfly 866 ot Mord™rhPBser fadiof LAt 6E iRGEISI by b fmbifg

s 2 gzl headal right anles fn.a unning dreclign.of 3 stieel, gangipg a
ndzzfe on & staggéred form or treating a plurality FAg fimes using a

nuiz2le hayingadifgrentpatteny The, covep fRotonfapbe calculated, for

example, by the following methods. (1) In case of using a nozzle having
trRArhdRline aray-ficarholgs paded stafe Jhe eourt actenian be

determined by the following equation 1: [Equation 1]
pressure and treating rate can also vary every
treatment.

Prior to injecting of the high-pressure fluid
flow, the fiber structure may be subjected to a water
dipping treatment. In order to improve guality of
the surface, a method of relatively transferring a
nozzle head and a nonwoven fabric or a method of
conducting a water spraying treatment by inserting a
wire gauze into space between nonwoven fabric and a
nozzle after interlacing can be used. In such a
treatment, it is preferred that a high-pressure fluid
flow is uniformly injected on the surface of the
fiber structure. Specifically, a cover factor
obtained by dividing an area of the surface o0of the
fiber structure, on which a water flow is applied, by
the entire surface area of the fiber structure is
preferably 80% or more. The cover factor can be
increased by fluctuating a nozzle head at right
angles in a running direction of a sheet, arranging a

nozzle on a staggered form or treating a plurality of
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R x 100(%) P wherein R denotes a diameter of a circular hole and P
denote a pitch (center distance) of a circular hole. (2) In case of using a
nozzle having each inline array of circular holes in a fluctuated state The
cover factor can be determined by the following equation 2: [Equation 2]
R x 1 x 100(%) P COS O wherein R denotes a diameter of a circular hole,
P denote a pitch (center distance) of a circular hole and O denotes an
angle showing a trace of a water flow from a circular hole to a running

LifiRRtidh? 6PF shed© TR SbOEVIORAUIA cart b BE@MINBA FrbfirtRe 4F Be

following equation 3: [Equation 3] 2 2 RX 1+4LC x1oog{g P SZ Wherlelin
OV fifimf BENGEs & Witk Bf fichiatibR "€ {mnhi8c) TERBES & rufiind 2 ©

fo eg%%g srgg%thag\gsq (Hz) denotes a frequency of fluctuation.

{1) In case of usging a nczzle having each inline
array of.circular holes in a fixed state

The cover factor can be determined by the
following eguation 1:

{Eguation 1]

R
—x100(%
R (%)

wherein R denotes a diameter of a circular hole and P
denote a pitch (center distance) of a circular hole.
{2) In casze of using a nozzle having each inline
array of circular holes in a fluctuated state

The cover factor can be determined by the
following eqgquation 2:

[Equation 2]

R 1

—X

x 100(%)

cos

wherein R denotes a diameter of a circular hole, P
denote a pitch (center distance) of a circular hole

and 0 denotes an angle showing a trace of a water
flow from a circular hole to a running direction of a

sheet.

The above formula can be determined from the
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(3) In case of conducting a treatment a plurality of times When a
treatment is conducted a plurality of times using one array of nozzles, a
cover factor is determined every treatment by the above method and the
sum of the obtained cover factors is taken as a cover factor of the entire
treatment. When pores exist in a plurality of arrays such as 2 arrays, 3
arrays and the like in one nozzle, a cover factor is determined regarding
£ each arraé/ as one treatment and the sum of the obtained cover factors is
OKkETAE Y SHBP iR ofthe entire treatment. As a fluid temperature of a
[Ehigg-griesguge fluid, any temperature in a range from a normal
t%mpera ure t]o 100C can be applied. It is preferred that the fiber
structure- tnpously treated by placing on a drum with a mesh wire
gauze grﬁ&péﬁingﬁg Z(},let}ning using a conveying system such as a
b conveyor. T £ fe’can also be fluctuated in a length or width
direction of a knitted and woven fabric, and not only one surface but also
whRokR jsurfacesgan kestreateds Thedechnigus desariheddn daranese
Unexamined Patent Publication (Kokai) No. 60-39439 aims at tangling
( multr afine)fibesninelodedhinrunevendalbitced of a sheet and C

{Hz)} denotes a freguency of fluctuation.
{3) In case of conducting a treatment a plurality of
times

When a treatment is conducted a plurality of .
times using one array of nozzles, a cover factor is
determined every treatment by the above method and
the sum of the obtained cover factors is taken as a
cover factor of the entire treatment. When pores
exist in a plurality of arrays such as 2 arrays, 3
arrays and the like in one nozzle, a cover factor is
determined regarding each array as one treatment and
the sum of the obtained cover factors is taken as a
cover factor of the entire treatment.

As a fluid temperature of a high-pressure £luid,
any temperature in a range from a normal temperature
to 100°C can be applied. It is preferred fhat the
fiber structure ls continuously treated by placing on
a drum with a mesh wire gauze or an opening and

running using a conveying system such as a belt
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and therefore describes that it is not preferred that a pressure of a fluid is
too high because breakage of fibers occurs. On the other hand, an object
of the present invention is to monodisperse ultrafine fibers constituting a
fiber bundle thereby uniformly distributing the ultrafine fibers on the
surface of a fiber structure, and the fiber bundle containing the ultrafine
fibers is substantially cut. Thus, the present invention is basically different
from the above technique in an idea. According to the method of the

CORrEESH Tnventi it &fbeF SFuctd® having &P Surfatd ThvérEd Yith Tilthafine

1 fiber g1 a film state, is obtained, When the fia%er,struct re is used as a
SEFEG Floth ShidofhhBES oL Ruthate diei poRhRPR iHBbYad

e Appuse of excallont smoothness and yniformity, of the surface, Since a
Substahtial  surface area of the fibers Increases, wiping properties are

s JEMarkably improved when the fiber 51 structure is used as a wiping cloth.
Japanese Unexamined Patent Publication (Kokai) No. 2005-23435 and

the prgsent iwveRteqp.are identicalin dhatwiltrafipe fikers consiuling.ihe;
fabric are treated with a high-pressure water flow. However, as is

P 2appatent {lamithe praskictictorathpdaibe ubrafing fiber of thesteghnique

is a continuous yarn and the '
tangling ultrafine fibers included in a woven fabric
and therefore describes that it is not preferred that
a pressure of a fluid is too high because breakage of
fibers occurs. On the other hand, an object of the
present invention is to monodisperse ultrafine fibers
constituting a fiber bundle thereby uniformly
digstributing the ultrafine fibers on the surface of a
fiber structure, and the fiber bundlé containing the
ultrafine fibers is substantially cut., Thus, the
present invention is basically different from the
above technigque in an idea. According to the method
of the present invention, a fiber structure having a
surface covered with ultrafine fiber in a film state
is obtained. When the fiber structure is used as a
polishing cloth, smoothness of a substrate after
polishing is improved because of excellent smoothneés
and uniformity of the surface. Since a substantial

surface area of the fibers increases, wiping

properties are remarkably improved when the fiber
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technique aims at properly increasing a fiber space. In contrast, the
present invention aims at monodispersing ultrafine fibers thereby
uniformly distributing the ultrafine fibers on the surface of a fiber
structure. Thus, the both are quite different in the objective effects and a
form of a fiber structure obtained by a treatment. Furthermore, Japanese
Unexamined Patent Publication (Kokai) No. 2004-256983 discloses an
artificial leather formed from a nanofiber assembly and describes that a

S BHGIE prEsSurs SvatEribw? Fredtntehe Aagf bekBhducted. However, such a

high-asgressure water flow treatment aims at tangling fibers constituting; aNO

fib& SRR thE By I8 g tenBBity &tHfve fitset StrB8urkakd *

2 gienting the fioets [ the ticknesgwise, diection of the finer stueture
thereby improving texture'and also an tangling treatment IS con uc?ed

eHior 1oy remoyal of %%ercmpgﬂg@io{3@9¥¥g;et%ﬁtl.°y fiber therghy,.

exhibiting ultrafine fibers. Thus, the technique of the publication and that

¢ X dhesRregentinventqry are, guite differeqiin ap idepand efesise fds-0ne,
of preferred aspects of the present invention to conduct a heat treatment
i At @p emperatue fl 00E O higheuafterdrjeclionwbthe the ultratine
fiber of the technique is a continuous yarn and the
technigue aims at properly increasing a fiber space.
In contrast, the present invention aims at
monodispersing ultrafine fibers thereby uﬁiformly
distributing the ultrafine fibers on the surface of a
fiber structure. Thus, the both are guite different
in the objective effects and a form of a fiber
structure obtainred by a treatment.

Furthermore, Japanese Unexamined Patent
Publication {(Kokai) No. 2004-256983 discloses an
artificial leather formed from a nanofiber assembly
and describes that a high-pressure water flow
treatment may be conducted. However, such a high-
pressure water flow treatment aims at tangling fibers
constituting a fiber structure thereby increasing
tenacity of the fiber structure, and orienting the
fibers in the thickness-wise direction of the fiber

structure thereby improving texture and also an

tangling treatment is conducted prior to removal of
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high-pressure fluid flow. Regarding the fiber structure obtained by the
present invention, a fiber bundle containing agglomerated ultrafine fibers
is ‘monodispersed by kinetic energy of a fluid, sometimes by swelling
effects, and thus shape retention of the fiber structure deteriorates. The
monodispersed ultrafine fibers can not be used sometimes according to
the applications such as a wiper used in a clean room since dropping-off
of the monodispersed ultrafine fibers is likely to occur. In that case, itis

O NGy sSHPIBHRBlovE Shapd RteiBh of theCHbet hG&ture’fiaB revent

-off of fibers by partially fusing the monodisperse ultrafipe fiber

droppin
SRS BbBG adk tARAML A BT aturdorbuor Bohded TRRMIEHE (0 F

100C or_higher,.preferab 0C or_higher, and still more.preferably 130C
Stk Lkl R s T et el S R e

qud teatuig etulratine fifers, 33 deferorgies and sgrajches are made when

the fiber structure is used as a polishing cloth or a wiping cloth.

Thergforg, dt ig preferred, iodieal abd meling-RaintoF lowes of hesent
polymer, and preferably a temperature which is lower than the melting

1 oRei th30G er mgrea Seeh & heaktreatmeatdnethed istad particularly
temperature of 100°C or higher after injection of the
high-pressure fluid flow. Regarding the fiber
structure obtained by the present invention, a fiber
bundle containing agglomerated ultrafine fibers is
monodispersed by kinetic energy of a fluid, sometimes
by sweliing effects, and thus shape retention of the
fiber structure deteriorates. The monodispersed
ultrafine fibers can not be used sometimes accoeording
to the applications such ag a wiper used in a clean
room since dropping-off of the monodispersed
ultrafine fibers is likely to occur. In that case,
it 1s possible to improve shape retention of the
fiber structure and to prevent dropping-off of fibers
by partially fusing the monodisperse ultrafine fiber
by the above heat treatment.. A temperature of such a
heat treatment is 100°C or higher, preferably 120°C or

higher, and still more preferably 130°C or higher.

When the polymer constituting the fiber is melted,

flexibility as a feature of ultrafine fibers
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limited and can be appropriately selected from methods exemplified
below. For example, there can be employed a method of exposing to
high-temperature air, a method of irradiating with infrared rays, a method
of exposing to high-temperature steam, and a method of dipping in hot
water. Examples of the apparatus used in the heat treatment include a
continuous dryer of transferring articles to be treated using a conveyer, a
batch-type dryer such as tumbler, a steamer, a jet dyeing machine and
d9hE Tike Siricesa it shGtareCoRtaifinG a PRSIty S RyElsSs bid 6
preferred aspects according to the applications, it is also preferred to
SYIMMAEFS plitaity SFitf? stuBresS PSR Mideh Qtuctrd1Ping

cogfga!mn%ﬁgllru%lg)égf Iag%rs .as used _herein jncludes that the above

¢ ls%r ace layerand one” or more fsaygrrs@c%ﬁt%]fn?ng fisers-&23hciGdedin the

f&)gn structure. yincluging the plur Ii}? of 54Jra ers, while havin
" Seature ofthe ?l?rfa%}é Iayoer Shw ﬁ;f?tu traffhe igéenresfa're ?’n%%ogig%eggé:&bly

a COBRAGIENISHCS SUChas dgnaclly . GIAslIEIt, COMPLeSSIQRoNAtALLenSles, «

and water permeability of the entire fiber structure can be adjusted in a
bydeﬂgeg range,,siecifically, cushioning properties can be imparted by

providing a lower layer of the

Such a heat treatment method is not particularly
limited and can be appropriately selected from
methods exemplified below. For example, there can be
employed a method of exposing to high-temperature aif,
a method of irradiating with infrared rays, a method
of exposing to high-temperature steam, and a method
of dipping in hot water. Examples of the apparatus
uged in the heat treatment include a continuous drver
of transferring articles to be treated using a
conveyer, a batch-type drver such as tumbler, a
steamer, a jet dyeing machine and the like.

Since a fiber structure containing a plurality of
lavers 1ig one of preferred aspects according to the
applications, it is also preferred to laminate a
plurality of fiber structures. The term “fiber
structure containing a plurality of lavers” asgs used
herein includes that the above surface laver and one
or more layers containing fibers are included in the

fiber structure. By including the plurality of
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above surface layer with a nonwoven fabric layer containing thicker
fibers. By combining with a woven fabric, tenacity is improved and thus
form stability can be improved. When the surface layer contacted with a
substrate is selectively allowed to maintain moisture by forming a surface
layer using a hydrophilic polymer and forming a lower layer using a
hydrophobic polymer, efficiency of polishing or cleaning can be improved.
The polymer constituting the fibers included in the surface layer and other

L aggers is At pertdtiariy it d 2836 &s 1©16 a-Ddtyrier havifg 42Y e~
. _fiber-forming, ability and variqus polymers can be selected according to
i bt bk SAG HpRfcaliORS For BkamBIE SRS HBS dructure of

e g DISSERLIDVIION i 300,35 & pRlishing.slott, , he kindaf ghe fiber

used as the polishing cloth can be changed by the material of the

cothpslate g be o pplished,of épﬁaéjsVeaQ!ﬁi”%Pt'%eru%?Qr HedeW oty of

abrasion resistance, retentiveness and dispersibility of abrasive grains,

crendsstrface smogthpess; the: palymer sensyuting thedfibes isipreferably
polyamide. Examples of the polyamide include polymers having an amide
d konele SUChaasgYoN G ywionf 66.anylon, 6XOu amd Bylem &2 2 therathers

hand, When
can be imparted by providing a lower layer of the
above surface laver with a nonwoven fabric lavyer
containing thicker fibers. By combining with a woven
fabric, tenacity is improved and thus form stability
can be improved. When the surface layer contacted
with a substrate is selectively allowed to maintain
molsture by forming a surface layer using a |
hydrophilic polymer and forming a lower layer using a
hydrophobic polymer, efficiency of polishing or
cleaning can be improved.

The polymer constituting the fibers included in
the surface layer and other layers is not
particularly limited as long as it is a polymer
having a fiber-forming ability and various polymers
can be selected according to the purposes and
applications. For example, when the fiber structure
of the present invention is used as a.polishing cloth,
the kind of the fiber used as the polishing cloth can

be changed by the material of the substrate to be
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a substrate material is hard, the polymer constituting the fiber is
preferably polyester. As a polishing cloth for texturing a recording disk
composed of a glass substrate, high grinding force is required for directly
grinding glass. The polyester is not particularly limited as long as it is a
polymer synthesized from dicarboxylic acid or an ester-forming derivative
and diol or an ester-forming derivative thereof and can be used as the
fiber. Specific examples thereof include polyethylene terephthalate,

P oottty fend X&B i Slafet PoRRetfametiyl&ict@rephttfaiate s¥ ©*f

polycyclohexylenedimethylene terephthalate, . e
S eylene2 b nabhinalené Gicaboxy At °° 2 dtspexsivility

Of:;)ogxgeyyﬁq;eél,ZéQig@ﬁgﬂ'lprgpl@engépighcage-gm%odgﬁ%g@gllatecg d the

ike. In the present invention, a polyethylene terephthalate or a polyester

p COPRIINEL GONAINING ManIv-an ethylene teyephihalate Lpjin 36 which is

used most usually, is preferably used. The method of laminating a

o Alyradity of fiberstaigiiestis Het particylany limited and metheds
exemplified below can be employed. For example, a method in which
pdiben structures areyintegratied by tangliag oflikais by nesgdle purchingy@on

a high- pressure fluid flow in a state where a plurality of
66, nylon 610, and nvyvlon 12. On the other hand, When
a substrate material is hard, the polymer
constituting the fiber is preferably polvester. As a
polishing cloth for texturing a recording disk
composed of a glass substrate, high grinding force is
regulired for directly grinding glass. The polyester
is not particularly 1limited as long as it is a
polymer synthesized from dicarboxylic acid or an
ester-forming derivative and diol or an ester-forming
derivative therecf and can be used as the f[iber.
Specific examples thereof include polyethylene
terephthalate, polytrimethylene terephthalate,
polvtetramethylene terephthalate,
polycyciohexylenedimethylene terephthalate,
polyethylene-2, 6-naphthalene dicarboxvlate,
polyvethylene-1,2-bis(2-chlorophenoxy)ethane-4,4"' -
dicarboxylate and the like. In the present invention,
a polvethvlene terephthalate or a polyester copolymer

containing mainly an ethylene terephthalate unit,

56



fiber structures are laminated can be employed . Such a method is
preferred since it does not require the use of a binder and therefore air
permeability, liquid permeability and flexibility of the fiber structure do not
deteriorate. When such a method is employed, since it is desired that
fibers constituting the fiber structure can freely move to some extent, it
can be preferably employed when the fiber structure is a short fiber
woven and knitted fabric, a shoryt fiber nonwove%\ fabr'g): a Ionggi er
Iffe

WhgSTEn ahd Kiftted¥R5ic (st ddmpositeRAMGiR TR e a BifeTence in

yarn_length exists, or a long- fiber ponwoven fabric partially cut hy. needle.
pung‘f'u%lneg. MSs lg sg p%?sfsibflgr&)l mu ulalﬂg in?ed?gt%rﬁ@e%%ﬁuﬁﬁre% %E)r%ﬁgh

s t30,2dNeslve. The adhesiye Js notpacticplarly ligited and ganefale 1 g

acrylic-based, polyurethane-based, polyamide-based, polyester-based

exditbwnyk-paged,adhesives sam ke wred 4 the 57 applicationpbthe, a

adhesive, a method of applying an adhesive using a gravure roll, a

meBelbad ohapmyieg usingerspiayarca Method:of laminating.sheels by
containing an adhesive is employed and fiber structures can be

t dnigytated by agdropriaiely vappbantipressune ariheat.dm the proguction
method of the present invention,
pressure fluid flow in a state where a plurality of
fiber structures are laminated can be employed
Such a method is preferred since it does not require
the use of a binder and therefore air permeability,
liguid permeability and flexibility of the fiber
structure do not deteriorate. When such a method is
employed, since it is desired that fibers
constituting the fiber structure can freely move to
some extent, 1t can be preferably employed when the
fiber.structure is a short fiber woven and knitted
fabric, a short fiber nonwoven fabric, a long fiber
woven and knitted fabric using a composgite varn in
which a difference in varn length exists, or a long-
fiber nonwoven fabric partially cut by needle
punching. It is also possible to mutually integrate
fiber structures through an adhesive. The adhegive
ig not particularly limited and general acrylic-based,
polyurethane-based, polvamide-based, polyester-based

and vinyl-based adhesives can be used. In the
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a polymeric elastomer such as urethane may be applied as long as the
effects of the obtained fiber structure are not impaired. As the polymeric
elastomer, for example, there can be used various polymeric elastomers,
which enable the objective texture, physical properties and quality, after
appropriate selection and examples thereof include polyurethane, acryl,
styrene-butadiene and the like. Among these, polyurethane is preferably
used in view of flexibility. The method for producing polyurethane is not
SRRty Ahited ahB Caft BB e&rbéfﬁced%y‘%%b?ﬁb%iafé RBENg Y an

a&[}gleymergolggli diisocyanate and a chain extender. Either z\ag/solvent

SEfem or & RARY dipdisbh sy Stehmay b8 ulsd: ARE LwaftkPiying

wsispersion system s preferiegin iew of \working eovironment When a
polymeric elastomer is impregnated,  sufficient attentioh must be paid so

Jhatthe S8palymerig.elastorenis nglsubstapgally exposgditp a surface.

From such a point of view, the content of the polymeric elastomer is

s dirgierabhek0% or lass, Mmore prefarally 5% less, gad stillbmgre
preferably 2% or less, based on the entire weight. When a solvent-based

apwlynelis elasdemanis used, et . coagulation method is employed and,
when a water-

In the production methed of the present invention,
a polymeric elastomer such as urethane may be applied
as long as the effects of the cobtained fiber
structure are not impaired. As the polymeric
elastomer, for example, there can be used various
polymeric elastomers, which enable the objective
texture, physical properties and gquality, after
appropriate selection and examples thereof include
polyurethane, acryl, styrene-butadiene and the like.
Among these, polyureﬁhéne ig preferably used in view
of f£lexibility. The method for producing
polyurethane 1s not particularly limited and can be
produced by appropriately reacting polymerpolyol,
diisocyvanate and a chain extender. Either a solvent
system or a water dispersion system may be used, and
a water dispersion system is preferred in view of
working environment.

When a polymeric elastomer is impregnated,

sufficient attention must be paid so that the
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dispersible polymeric elastomer is used, a heat- sensitive coagulation
method is used. That is, migration of the polymeric elastomer onto a
surface is preferably suppressed. However, in view of the fact that the
fiber structure obtained by the present invention has clear feature and
the feature is more excellent compared with the prior art, it is preferred
that the fiber does not substantially contain a polymeric elastomer and is
mainly composed of a fiber material. Furthermore, it is also preferred that

Poh¥fig&r maferaPfis Wb stantialf LbmpBSEti b of & RoRedstit o 2

polymer. For_the purpose of imprqving flexibility of the_ fiber structure, a
S aBig trAMENE e CBRATC® Thd ERipling Ge SRt in 66

enerally conducted by an apparatus such as a.texturing, machine or a
t%ll%oﬂggﬁﬁelgnde,qagg%nagg 1.8 Erel%eérgabﬁ }.r}g% QX q

y specifically, a’‘jet dyeing ma(\,/hine, a winch Sﬁﬁg

mdPaching, adiggrqying paghing, . a wumhlgrand,a relaxing, o a%%%%%‘%el %

used. In the present invention, the crumpling treatment is preferably

2 feopducted aftenconducting ahigh-presswe flpid floy treatment, \When
the crumpling treatment is conducted prior to the high-pressure fluid flow

s dieatnentLtns £ffepts dyastically defefiofdlfer is used, a wet

coagulation method is employved and, when a water-
dispersible polymeric elastomer 1s used, a heat-
gsengitive coagulation method is used. That is,
migration of the polyvmeric elastomer onto a surface
is preferably suppressed.

However, in view of the fact that the fiber
structure obtained by the present invention has clear
feature and the feature is more ex;ellent compared
with the prior art, it is preferred that the fiber
does not substantially contain a polymeric elastomer
and is mainly composed of a fiber material.
Furthermore, it is also preferred that the fiber
material is substantially composed of fibers cof a
non-elastic polymer.

For the purpose of improving flexibility of the
fiber gtructure, a crumpling treatment can be
conducted. fhe crumpling treatment can be generally
conducted by an apparatus such as a texturing machine

cor a dying machine and, specifically, a Jjet dyeing
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according to the high-pressure fluid flow treatment, which is not preferred.
Furthermore, when the thickness is reduced by 0.1 to 0.8 time through
calendaring at a temperature of 100 to 250C after conducting the
high-pressure fluid flow treatment, fiber apparent density can be
increased. It is also preferred because surface smoothness is excellent
and surface roughness can be easily adjusted within the scope of the
present invention. When the thickness is reduced to less than 0.1 time, .

maERitPeis t6o Mard CAhd Wi Hot PATEHEE AltfoubhdRd thitkndss Mayrhe ne -

redu%eld to more than 0.8 time, the eff%cts of compression are lowered
a ﬁuﬂ] er and a r%%Fx1pg mac %n@ ca e used. P the
urthermore, when thefiber structurée is treated at a tempeérature of [ower

p r@%% %Qo%t%% ﬁe%fﬁfg s Of CRIPLESIRN AIG, 'g""’@%eeda Bpd it is ngt

preterred. When the fiber structure Is treated at a temperature of higher

p B8R 230G  scraighasare Jkely 60 jo he fasmed by fusionof fihers which r

is not preferred. When compression is conducted prior to the

£ 1higkrpressyre fluidhflaye tieatment danaling by: thepighryessuafiuid flow
treatment does not easily proceed, which is not preferred. Furthermore, it
i sis prefariec-todom: inevensess er groguesoartthesueaces afithe finerw

structure by
treatment, the effects drastically deteriorate
according to the high-pressure fluid flow treatment,
which is not preferred.

Furthermore, when the thickness isg reduced by 0.1
to 0.8 time through calendaring at a temperature of
100 to 250°C after conducting the high-pressure fluid
flow treatment, fiber apparent density can be
increased. It is also preferred because surface
smoothness 1s excellent and surface roughness can be
easily adjusted within the scope of the present
invention. When the thickness is reduced to less
than 0.1 time, texture is too hard, and 1t is not
preferred. Although the thickness may be reduced to
more than 0.8 time, the effects of compressién are
lowered. Furthermore, when the fiber structure is
treated at a temperature of lower than 100°C, the
effects of compression are lowered, and it is not

preferred. When the fiber structure is treated at a

temperature of higher than 250°C, scratches are likely
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embossing when the fiber structure of the present invention is used as a
polishing cloth. The fiber structure having such a surface is useful to
improve uniformity of polishing or to reduce scratches since abrasive
grains and polishing wastes are easily supplied and discharged. The term
"embossing” used herein refers to processing of forming an irregular
pattern on a fabric by passing the fabric through a metal roller sculpted
with an irregular pattern and a resilient roller made of a compressed
tocoten £ TBRHréssed pap&Tor afrubBdteffe nHitaRingSat ACgiven
temperature. Describing about an embossed pattern, the pattern is not

P&t And a"Setibted® TORP Rt S8ath? p&itet Hihftide Patérh, &£°

exd1egh pattern. 2 sheep paftem, akgngaroo patiermor thelkeis, oo o,
preferably dsed. In'the present invéntion, an aréa of a concave~ surface
cpreferahly %ccounts for A%O/fbtol §0%;(convex 61 surface %Eegsis from 96%

€
to 20%), andrr%cs)rseuﬁgfera ‘lly 10% or more and 45% or €ess, o?t e area

e aQf {he, eptire amkpsseg fikgy siructirs. Regarding,a jemperature of a

heat roller, optimum conditions may be Selected according to the
processing,epardr Pressing; thigkpessefadiber structyrg, antbthenness

number of embossing. Regarding preferable condition

or grooves on the surface of the fiber structure by
embosgsing when the fiber structure of the present
invention is used as a polishiﬁg cloth. The fiber
structure having such a surface is useful to improve
uniformity of polishing or to reduce scratches since
abrasive grains and polishing wastes are easily
gsupplied and discharged. The term “embossing” used
herein refers to processing of forming an irregular
pattern on a fabric by passing the fabric through a
metal roller sculpted with an irregular pattern and a
regilient roller made of a compressed cotton, a
compressed paper or a rubber while maintaining at a
given temperature. Describing about an embossed
pattern, the pattern igs not specified and a sculpted
roller with a satin pattern, a lattice pattern, a
check pattern, a sheep pattern, a kangaroo pattern or
the like 1s preferably used.

In the present invention, an area of a concave

surface preferably accounts for 4% to 80% (convex
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range in the pressing, a processing temperature is preferably no more
than a temperature which is 10C lower than a melting point of the
ultrafine fiber in view of processing stability. A linear pressure is from 5 to
400 kg/cm, a processing speed is from 0.5 to 20 m/min and a passing
number is from 1 to 10 times. When the linear pressure is 400 kg/cm or
more and/or the processing speed is less than 0.5 m/min, breakage
occurs as a result of an excessive pressure, which is not preferred. In

SUIhHESt, RRER theNinkaP PrekiiiretiS 158 HHan RGP cHAna thgeferably

processing speed exceeds 10 m/min, pressinaheffects become

L Os HiciBREFhiRR % riot prété&red The fider StRutd Shraimed bY $he

o pf:rgsent g%%entigg gan b% ggiefesrggl‘%C sg% (feor ap I(iacati% ';’Q WQiCh
i exﬁ)ﬁity and Isérge SUFfACE area as featlres’ of Ultrafirie fibars are utilized

e Stpceyltfing 62¢fibers da, pot.farm g pundle @E%S?&iﬂc@é&i‘?@?glﬂ% may

state. For example, when the fiber structure’is used as a wiping cloth

beSUSH S SYRalass-Wipeh 1hR;fIReS stipectyse IS0t ealy excalieniyin wiping
properties, but also makes no scratch on the object. Furthermore, when

p fBe §hersirughiie-isiised as A polighing elot: wsrddn the, MandfagEng
process of hard disks,
number of embosgsing. Regarding preferable condition
range in the pressing, a processing temperature is
preferably no more than a temperature which is 10°C
lower than a melting point of the ultrafine fiber in
view of processing stability. A linear pressure is
from 5 to 400 kg/cm, & processing speed is from 0.5
to 20 m/min and a passing number is from 1 to 10
times.

When the linear pressure 1s 400 kg/cm or more
and/or the processing speéd is less than ¢.5 m/min,
breakayge occurs as a result of an excessive pressure,
which is not preferred. In contrast, when the linear
pressure 1is less than 5 kg/cm and the processing
speed exceeds 10 m/min, pressing effects become
ingufficient, which is not preferred.

The fiber structure obtained by the present
invention can be preferably used for applications in

which flexibility and large surface area as features

of ultrafine fibers are utilized since ultrafine
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silicon wafers, integrated circuit boards, precision instruments, optical
components and the like, since high effects of retaining abrasive grains
are exerted, agglomeration of abrasive grains is less likely to occur. Also,
because of high smoothness of the fiber structure, surface smoothness of
articles to be polished can also be extremely improved. The fiber
structure can also be used as artificial blood vessels and cell culture
substrates by utilizing biocompatibility. EXAMPLES The present
fijhgantioA wimpe héretaftér BEsdibed #detSiKBPlvay Bf BanEd 28
measuring methods in Examples, the following methods were used. A.
S 5&IB viscdSty of PAYREFA nichSiscolfly 6fdPSolyrfierwas hESsuréd By &4
Capillograph 1B manufactured by Tc%_yo SgLiki Seisaku- 63 shofl LTIg., ghe
25 08iddRdE e oM’ a?g‘t’éco s%ﬁm et Hthe Beg‘ﬁﬁﬁﬁé of the® =iPer
s tm%asturement of the pocl)¥1rt£er was ggtlto 19 n"Jljnutes. B. Meltinlgopoint

S|r(1:g bsc-7 rsna%a%cturedy bye‘ﬁ?e erkin Elmer Wdo?ﬁt?rgtign, app%g %oeps'

pulEMRSIAIIG shawing melting .qf apolymernak 2ng ip was taken,asa ryore,
melting point. A temperature increase rate was setto 16C/min and an
when the fiber structure is used as a polishing cloth
used in the manufacturing process of hard disks,
silicon wafers, integrated circuit boards, precision
instruments, optical componentg and the like, since
high effects of retaining abrasive grains are exerted,
agglomeration of abrasive grains is leszss likely to
occur. Also, because of high smoothness of the fiber
structure, sufface smoothness of articles to be
polished can also be extremely improved. The fiber
structuré can also be used as artificial blood

vegsels and cell culture substrates by utilizing

biocompatibility.

EXAMPLES

The present invention will be hereinafter
described in detail by way of Examples. As measuring
methods in Examples, the following methods were used.
A. Melt viscosity of polymer

A melt viscogity of a polvmer was measured by

Capillograph 1B manufactured by Toyo Seikil Selsaku-
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amount of a sample was set to 10 mg. C. Observation of fiber
cross-section by TEM An ultra-thin piece was cut in a cross-sectional
direction of a fiber and then a fiber cross-section was observed by a
transmission electron microscope (TEM) shown below. Nylon was
metallic stained with phosphotungstic acid. TEM apparatus: Model
H-7100FA, manufactured by Hitachi, Ltd. D. SEM observation A fiber
structure was vapor-deposited with a platinum-palladium ?Tli% and then a

S hither bitRs- sddiBn 1as bBSEGEd by BScahifiy SB&IFSHE nficrosidpRL e s

(SEM) shown below. When a cross-section of the fiber structure is
t°ob"s%ﬁxe*deﬁté‘ttbéP%tra&uFek\ﬁaé“ﬁ@z%ﬁrb‘iﬂb‘?ﬁbtngouﬁ iG88 nRALER Srbr

w 10 mlnutes tstbgn out mcmedlately and cut in a 64 thickness direction by a
alcﬁa(‘]c‘e of a razor and then" v vapor deposition and SEM observation were
cq@g% ed by the apove method. SEM apparatus: Model 5-4000,
manu actured y Hltachl Ltd. E. Fiber diameter and number average

fibergsliarg S;fgb o singlg fiberand fiper pupdle HisingslEM inthe ahave

item C and SEM of the
Corporation, a peak top temperature showing melting

of a polymer at 2nd run was taken as a melting point.
A temperature increase rate was set to 16°C/mtn and an
amount of a sample was set to 10 mg.
C. Obsgservation of fiber cross-section by TEM

An ultra-thin piece was cut in a cross—séctional
direction of a fiber and then a fiber cross-section
wag obgerved by a transmission electron microscope
(TEM) shown below. Nylon was metallic stained with
phosphotungstic acid.
TEM apparatus: Model H-7100FA, manufactured by Hitachi,
L.ted.
D. SEM observation

A fiber structure was vapcr-deposited with a
platinum-palladium alloy and then a fiber crogs-
section.was observed by a scanning electron
microscope (SEM) shown below. When a cross-section
of the fiber structure is observed, the fiber
structure wasg frozen by dipping in liguid nitrogen

for 10 minutes, taken out immediately and cut in a
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above item D, at least 300 single fibers were observed under
magnification which enables observation in one visual field. Using image
processing software, each diameter of 300 single fibers or fiber bundles
sampled at random in the same visual field was measured up to a place
of 0.01 m from the observed photograph. A number average fiber
diameter was calculated by determining a simple average of the obtained
value up to a place of 0.01 m. F. Air permeability The measurement was
thdonhtGEd afdor&ing 1@ thePethol {BR%ie? ethob} deffredam disthen
L-1096 (1999- Version). G, Light reflectance A sample of 5 cm square was
Vasepard§BRG At retRctaRce 018 786 N WaPmEES e £ e &5 85
where a 0260 integl(?att:ig% phere 130-063 (manufactured by Hitachi, Ltd.)

byant 216 I%Bgd spacer are attached to a spectrophotometer U-3410

s gfianufacued, by, biachi Lid) Jhe measuiement was gondcied using;
sa ﬁes and a reflectance was determined by simple averaging of the
1, t@lues at 560 nm. A standard white board attached to the apparatus

(manufactured by Hitachi, Ltd.) was used.
E. Fiber diameter and number average fiber diameter

of single fiber and fiber bundle

Using TEM in the above item C and SEM of the
above item D, at least 300 single fibers were
observed under magnification which enables
observation in one wvisual field. Using image
processing software, each diameter of 300 single
fibers or fiber bundles sampled at random in the same
vigsual field was measured up to a place of 0.01 um
from the observed photograph. A number average fiber
diameter was calculated by determining a simple
average of the obtained value up to a place of 0.01
pm.
F. Air permeability

The measurement was conducted according to the
method (Frazier method) defined in JIS L-108%6 (19%9-
Version) .
G. Light reflectance

A sample of 5 ¢m sguare was prepared and a

reflectance at 380 to 780 nm was measured in a state
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H. Polishing characteristics A fiber structure (sheet) was slitted to give a
tape having a width of 38 mm, followed by polishing under the following
conditions. That is, an aluminum substrate was subjected to a Ni-P
plating treatment and then polished. Using a disk having a controlled
average surface roughness of 0.2 nm, an isolated abrasive grain slurry
containing diamond crystals having a primary particle diameter of 1 to 10
nm was dropped on the surface of a polishing cloth in a feed amount of
th(?ﬁll/ﬁ‘lirﬁ?%&d%Wé??ﬁd?i@ﬁih@%va%%ﬁ&l?ct Bindérind Baiiichs brged

disk rotational Sé)eed of 300 rpm, a pressure of the tape against the disk

oYofiadt kB4 ant iage AN Shied of BRATMAHGF 56 SBesnca: tched
cexturing). o agqordance it 4 BPORL (2004 Version), suriage

roughness was measured at any 10 points of 66 the surface of a disk

n 13ubState sample, aftertextung using adMS-¢A00 SUiAsE LRUINNESS ng

analyzer manufactured by Schmitt Measurement Systems, Inc., and then

3 $bsiate sugace roughness wascalculpiad By averaging dhepeasuigd e
values at 10 points. A lower numerical value shows higher performances.

a With sespgctde thementiva regien efbossuriases o Ssubstmiesafieri te
texturing, namely, 10 surfaces in

board attached to the apparatus {(manufactured by
Hitachi, Ltd.) was used.
H. Polishing charaéteristics

A fiber structure (sheet} was slitted to give a
tape having a width of 38 mm, followed by polishing
under the following conditions. That is, an aluminum.
substrate was subjected to a Ni-P plating treatment
and then polished. Using a disk having a controlled
average surface roughness of 0.2 nm, an isélated
abrasive grain slurry containing diamond crystals
having a primary particle diameter of 1 to 10 nm was
dropped on the surface of a polishing cloth in a feed
amount of 10 ml/min, and then polishing was conducted
under the conditions of a disgk rotational speed of
300 rpm, a pressure of the tape against the disk of
98.1 kPa and a tape running speed of 6 cm/min for 30
seconds (texturing).

In accordance with JIS B0601 (2001-Version),

surface roughness was measured at any 10 points of
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total as measuring objects, using Candela 5100 optical surface analyzer,
grooves having a depth 3 nm or more were regarded as scratched. The
number of scratches was measured and the evaluation was conducted
by an average of the measured values of 10 surfaces. A lower numerical
value shows higher performances. Example 1 <Production of nonwoven
fabric> Nylon 6 (hereinafter referred to as N6) having melt viscosity of
212 Pas (262C, shear rate; 121.6 sec-1) and a melting point of 220C and
Ehgog  HhaReadd (GptiddiSturif? B8 598 6EmERTRAing 4 Wefght average
ceJpleuiar weight of 120,000, el yiscosity .of S0.Fas (240C. 2432 spcl) .
and'a me?tin% powﬁ of 1 Viere us&d and the content of N6 was ==~
nafYISIEL 10 OF 4590 REMEIODL Al anus dudure nedRelt kasded af

neading temperature of 220C to obtain polymer alloy tips. The weight

an@verags,molegularweight.of pely:l- lactic acidovas determined-byithee g

following procedure. A chloroform solution of a sample was mixed with

by THE c(efphydrofankie obtaina measuing splution. Theieoneentration

of polylactic acid was adjusted to 0.4% by weight. Using gel permeation
loGlyemaiogephyal value shows higher performances.
With respect to the entire region of both surfaces of
5 substrates after texturing, namely, 10 surfaces in
total as measuring objects, using Candela 5100
optical surface analyzer, grooves having a depth 3 nm
or more were regarded as scratched. The number of
scratches was measured and the evaiuation was
conducted by an average of the measured values of 10

surfaces. A lower numerical value shows higher

performances.

Example 1
{Production of nonwoven fabric>
Nylon 6 (hereinafter referred to as N6) having

melt viscosity of 212 Pa-s {262°C, shear rate: 121.6
sec ) and a melting point of 220°C and poly-L-lactic
acid (optical purity: 99.5% or more) having a weight
average molecular welight of 120,000, melt wviscosity
of 30 Pa-s (240°C, 2432 sec ') and a melting point of

170°C were used and the content of N6 was adijusted to
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(GPC) Waters 2690 manufactured by Waters Corporation, a polystyrene
equivalent weight average molecular weight was determined by
measuring at 25C. The melt viscosity of poly-L-lactic acid was 86 Pa's at
215C and 1216 sec-1. The thus obtained polymer alloy tips were extrude
through fine pores at a spinning temperature of 240C, spun through an
ejector at a spinning speed of 4,500 m/min, collected on a moving net
conveyor and then heat-fused under the conditions of a temperature of

4580 ® ¥nd §1if8dr prédkrd 63b Kdlém sty Uh CeiBSssity b kigaded
contact bonding ratio of 16% to obtain a long-fiber nonwoven fabric

2 Eh &idgr& 8GRI il TRETSSSWF 2. (Pdied 47d G bhSis Uight of 5 ghR3.

aﬁ%rodgéctiggg of composite sheet> 68 To a nonwoven fabric containing the
obtained polymer alloy fibers, an oil solution (SM7060: manufactured by

Dowrgarning;Taray Jilieqne Go.,Lidd ~was,aprlied i,an amrount-of 296 by

weight based on the weight of the fibers, followed by needle punching at
1aH000negdelg/cpg o ghtaianervovey fabre cpptaining pelymeRliodure .

fibers having a basis weight of 120 g/m2 and a density of 0.09 g/cm3. In a
a gateowbersranawioyen &bris nd asiagdliepungBechiyweN th THF
{tetrahydrofuran}) to obtain a measuring solution.
The concentration of polylactic acid was adjusted to
0.4% by weight. Using gel permeation chromatography
(GPC) Waters 2690 manufactured by Waters Corporation,
a polystyrene eqguivalent welght average molecular
welght was determined by méasuring at 25°C. The melt
viscosity of poly-L-lactic acid was 86 Pa-+g at 215°C
and 1216 sec™'.

The thus obtained polymer alloy tips were extrude
through fine pores at a spinning temperature of 240°C,
gpun through an ejector at.a spinning speed of 4,500
m/min, collected on a moving net conveyor and then
heat-fused under the conditions of a temperature of
80°C and a linear pressure of 20 kg/cm using an
embossing roll at a contact bonding ratio of 16% to
ocbtain a long-fiber nonwoven fabric having a single
fiber fineness of 2.0 dtex and a basis weight of 1590
g/m?.

{Production of composite sheet>
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fabric containing polyester short fibers having a single fiber fineness of
0.1 dtex are laminated, a water flow under a pressure of 12 MPa was
injected through a nozzle with 0.1 mm4 circular holes at a distance 0.6
mm, thereby integrating two kinds of the above nonwoven fabrics to
obtain a composite sheet. The treatment was conducted at a treating rate
of 1 m/min while fluctuating the nozzle in a width direction of a fiber
structure at amplitude of 4 mm and 18.6 Hz. The direction of the water

flow” hjettetPRIBuGR thet A waLadifsted 85 thab ke M&dts ARtd

ight angles o the sheet. In this case, a coyer factor was 150%. By
o fBBiRG 1 dthintd THEP<inE it af B00HoL 5ot BYGBEAC sadium

s QLG SO0, 05, Path s 1:100) o 2 69w, SB06 o

L-lactic acid as a sea po r in the polymer alloy fiber was

wa@Maysd by shydrolysis. JThe.fhus optained gheef isireferredda 8% &n the

composite sheet. The composite sheet | was™ observed by SEM. As a

welESHIE afiber hundle in. whichL00 05 mofe mirafine fibess gremassempledy
is formed. The fibers are drawn out from the composite sheet and a fiber
1 0Orossreection yvasmobservedibyaliaM a and Hws asingfe filher diameter

(number average

contalining polymer alloy fibers having a basis weight
of 120 g/m®* and a density of 0.09 g/cm’. 1In a state
where a nonwoven fabric and a needle-punched nonwoven
fabric containing polyester short fibers having a
single fiber fineness of 0.1 dtex are laminated, a
water [low under a pressure of 12 MPa was injected
through a nozzle with 0.1
mmo cirdular holes at a distance 0.6 mm, thereby
integrating two kinds of the above nonwoven fabrics
to obtain a composite sheet.

The treatment wasg conducted at a treating rate of
1 m/min while fluctuating the nozzle in a width
direction of a fiber structure at amplitude of 4 mm
and 18.6 Hz. The direction of the water flow
injected through the ﬁozzle was adjusted so that it
meets around right angles to the sheet. In this case,
a cover factor was 150%. By dipping the obtained

fiber structure in an agueous 3% by weight sodium

hydroxide solutior (95°C, bath ratio of 1:100) for 2
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fiber diameter) of the fibers was determined. As a result, it was 110 nm.
Then, the water flow was injected again under the above conditions
thereby dispersing some fibers of fibers constituting the fiber bundle in a
monofilamentous state to obtain a fiber structure. The thus obtained
sheet is referred to as a composite sheet Il. The obtained composite

- sheet Il was observed by SEM. As a result, the entire surface of the fiber
structure is covered with fibers (B) having a number average fiber

hoyinfetet OF 126 nfIR & Mbndttdnietods sthteSvithotfeiédrafce® i the

offose:sedtion, the fibers (B)naving a fibgrdiameter, of 1 manjess |
P ?‘n}ﬂm%er average filber diameter’ (nynm) ispersed’in a monofifamentous

hy%@tc?g?@l fine 'deSp:?ﬁ?essd ?ﬁ@a@ﬁ%'ﬁfs ghends and alspexist 40 ¢ o,

together with a fiber bundle (A) having a fiber bundle diameter of 3 m or

asMereymbes averagafiner bundle digmeter 8.3 mintheobfaiged fiber

structure had a thickness of 0.5 mm. The fiber structure had-air
obRermeaRility,of Gy co/caw/sec-Ehasfiker sugtyechadiailight deflactance

of 96%. The obtained composite sheet was slitted to give a tape having a
whwiglith af 38 mm anslqwlishiRgGafine fibers are assembled is
formed. The fibers are drawn out from the composite
sheet and a fiber cross-section was observed by TEM,
and thus a single fiber diameter (number average
fiber diameter) of the fibers was determined. As a
result, it was 110 nm.

Then, the water flow was injected again under the
above conditions thereby dispersing some fibers of
fibers constituting the fiber bundle in a
monofilamentous state to obtain a fiber structure.
The thus obtained sheet is referred to as a composite
sheet II. The obtained composite sheet ITI wai
observed by SEM. As a result, the entire surface of
the fiber(structure is covered with fibers (B} having
a number average fiber diameter of 110 nm in a
moncofilamentous state without clearance. In the
cross-section, the fibers (B} having a fiber diameter
of 1 um or less (number average fiber diameter: 110

nm) digspersed in a monofilamentous state form fine

void spaces due to tangles or bends and also exist
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characteristics were evaluated. As a result, the disk after polishing
showed surface roughness of 0.30 nm and the number of scratches of
1.1 and is extremely excellent in smoothness and low scratch properties.
In Fig. 1, a SEM photograph of the surface of the fiber structure produced
in Example 1 is shown. Example 2 Two kinds of nonwoven fabrics were
integrated by conducting a treatment of injecting a water flow to the
composite sheet | obtained in Example 1 under the same conditions as in
t ogeiiftE 1 WexcpBthatthe Tpreddtie 6f thd waket iowdvas ddjizted to 1
MPa. The thus obtained sheet is referred to as a composite sheet Ill. The
bugirdosié &Rect fiF was oBsetedPBy 72 SEM AP REuR MRS BAtre fiber
surface of the fiber structure is covered with fibers (B) having a number

buntfetibPaiahteterbf 118% in a monofilamentous  state without

clearﬁ% ce. Ig thel%rgas §eﬁ§|on th rf{g)g ) Q:B% hﬁVI ga flpgr d@mgtg& og
m or number average fi ?Ber idmeter 1 % dlsperse

o .ongfilameniaus:state, foun fine.vojd SPaces dét'? fo I;é QQ!\%%‘H:PP{‘Q% agg

also exist together with a fiber bundle (A) having a fiber bundle diameter
0 .1p.2m).chi¥e Qhtainedgomppsita-shegt was slifted 19 gives 1ight

reflectance of 96%.

The obtained composite sheet was slitted to give
a tape having a width of 38 mmland polishing
characteristics were evaluated. As a result, the
disk after polishing showed surface roughness of 0.30
nm and the number of scratches of 1.1 and is
extremely excellent in smoothness and low scratch
properties. In Fig. 1, a SEM photograph of the
surface of the fiber structure produced in Example 1

is shown.

Example 2

Two kinds of nonwoven fabrics were integrated by
conducting a treatment of injecting a water flow to
the composite sheet I obtained in Example 1 under the
same conditions as in Example 1, except that the
préssure of the water flow was adijusted to 1 MPa.
The thus obtained sheet is referred to as a composite

sheet III. The composite sheet III was observed by

71



a tape having a width of 38 mm and polishing characteristics were
evaluated. The composite sheet had a thickness of 0.6 mm. The fiber
structure had air permeability of O cc/cma/ sec (measurement limit or
less). The sheet showed a reflectance of 97%. The disk was polished
“under the same conditions as in Example 1. As a result, the disk after
polishing showed surface roughness of 0.26 nm and the number of
scratches of 0.9 and is extremely excellent in smoothness and low
SEdtratch Prépefteilihtrig. 2t €a SEM TIPS EInE Surtdt® of #iSber

tstruc'%Jre Q_roduced in Example, 1;’; sémwn. Exag%rgle 3 The fiber structuyre
SEERASHEF A BXENHTE T a2 ¥ EMbSRTS ford rafdont BfipBhApa ¢+

concave partions. T.he treating rate yas 1.5 m/min and the temperature of
d C
VR ggu?p%e%%o%leﬁas fﬁ&?ebenrthg sur%ce atter lerﬁnb%sgﬁ?la,ostrllpea?srfﬁarbeaus

s 1268556 Pawng adepihafseveral microp meteryich,syroung a regign

of about 500 pm were formed. Under the same conditions as in Example

£ ib D5 digk vag polisted . As g gesultsthe disk.aftes polishing showeds

surface roughness of 0.27 nm and the number of scratches of 1.2 and is
( rexineEelyexeelent incsmeathressmaddaw saraichnpropertiep diiged in

polishing rate was high suchas 4.6
a monofilamentous state Form fine void spaces due to
tangles or bends and also exist together with a fiber
bundle {(A) having a fiber bundle diameter 15.5 um).

The obtained composite sheet was slitted to give
a tape having a width of 38 mm and polishing
characteristics were evaluated. The composite sheet
had a thickness of 0.6 mm. The fiber structure had
air perﬁeability of 0 cc/ecm?/ sec (measurement limit
or less}. The sheet showed a reflectance of 97%.

The disk was polished under the same conditions
as in Example 1. As a result, the disk after
polishing showed surface roughness of 0.26 nm and the
number of scratches of 0.9 and is extremely excellent
in smoothness and low scratch properties. In Fig. 2,

a SEM photograph of the surface of the fiber

structure preduced in Example 1 is shown.

Example 3

The fiber structure obtained in Example 1 was
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mg/min. Comparative Example 1 A long fiber nonwoven fabric was
produced in the same manner as in Example 1, except that only N6 was
used in place of the polymer alloy tips in the production of the long-fiber
nonwoven fabric in Example 1. Then, in the same manner as in Example
1, the long-fiber nonwoven fabric was integrated with a polyester single
fiber needle-punched nonwoven fabric. Then, dipping in an aqueous
sodium hydroxide solution was not conducted. Furthermore, the

eTPRFRERt of InjdATY aFRtErTow hdd BoriiieRE tnd&hé Egmor tions.
conditions as in Example 1. 73 The surface of %ﬁeobtained fiber structure

ThFas bBEIET by S8EM At fibet diietdr Gtife fitkFs SXILIRG B tHe®

urface was me sureg.lAs aresult. jt was 15.0 m. In the ¢ oss-se%ion,

e alt%oﬁé:hut “§4né fiders %28 ‘?holsd‘é%ncthe s%ﬁacte Existed, fihe®vét ter

eriPAEES U todnterace qrpending wele 0l Qbﬁ?é%dn%ecéuﬁ%%ft%ﬁ@?

fiber diameter. The obtained fiber structure had a thicknéss of O.

s ebediber suciyg had ainpepmeability 0 24 ¢aleMe/See g EhRIREF about

structure had a light reflectance of 67%. The disk was polished under the
5 (SRMEConditions as-ifaxamplg deAS afesuliathe conditions as in

Example 1, the disk was polished. As a result, the
disk after polishing showed surface roughness of 0.27
nm and the number of scratches of 1.2 and is
extremely excellent in smoothness and low scratch
properties. The polishing rate was high such as 4.6

mg/min.

Comparative Example 1

A long fiber nonwoven fabric was produced in the
same manner és in Example 1, except that only N6 was
used in place of the polymer alloy tips in the
production}of the long-fiber nonwoven fabric in
Example 1. Then, in the same manner as in Example 1,
the long-fiber nonwoven fabric was integrated with a
polyvester single fiber needle-punched nonwoven fabric.
Then, dipping in an aqueous sodium hydroxide solution
was not conducted, Furthermore, the treatment of
injecting a water flow was conducted under the same

conditions as in Example 1.
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disk after polishing showed surface roughness of 0.42 nm and the
number of scratches of 3.1 and is extremely inferior in smoothness and
low scratch properties. Example 4 Using the polymer alloy tips obtained
in Example 1, melt-spinning was conducted to obtain a highly oriented
undrawn yarn of 92 dtex, 36 filaments, followed by drawing and further
heat treatment to obtain polymer alloy fiber of 67 dtex, 36 filaments. In
the polymer alloy fiber, N6 as an island portion is uniformly dispersed in

polyiRactivacifasa 3éa P porpRaRE e Hirkiser aEralE Eibnfetyd s

was 110 nm. Using the gbtained polymer alloy fiber, a twill woven fabric
OR R B SEINGT ipPect M adlboBE 5907 by helghE s - >

h]}/droxide solutio éQSC, bath ratio of 1:100) for 2 hours, and thus 99% or
SRR RSy MEF AR pSel SR Hh&Fwas iindvelHy 1 ¢/

mosrelol??hem%ea

, hydrolysijs. The thus obItain% woven fabric is_referred to as a wo en
> %aBAS1. TRe RuiiBer avel}age fib&r§ERete? Sfhe fiverof 'fﬁleo\kllg n- e

s apRriclwas, 129 pm, A vater flow was injgcted ta the waven, fabrig |

under the same conditions as in Example 2. The thus obtained woven

vdalricis sefeed ip-as:2, Wayes falyicd!. Jhe woven fabrig U wasy o«
observed by

observed because of a large fiber diameter.

The obtained fiber structure had a thickness of
0.7 mm. The fiber structure had air permeability of
24 cc/em?/sec. The fiber structure had a light
reflectance of 67%. The disk was polished under the
same conditions as in Example 1. As a ‘result, the
disk after polishing showed surface roughness of 0.42
nm and the number of scratches of 3.1 and is
extremely inferior in smoothness and low scratch

properties.

Example 4

Using the polymer alloy tips obtained in Example
1, melt-spinning was conducted to obtain a highly
oriented undrawn yarn of 92 dtex, 36 filaments,
followed by drawing and further heat treatment to
obtain polymer alloy fiber of 67 dtex, 36 filaments.
In the polymer alloy fiber, N6 as an island portion

is uniformly dispersed in pely-L-lactic acid as a sea
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SEM. As a result, the entire surface of the fiber structure is covered with
fibers (B) having a number average fiber diameter of. 120 nmin a
monofilamentous state without clearance. In the cross-section, the fibers
(B) having a fiber diameter of 1 m or less (number average fiber diameter:
110 nm) dispersed in a monofilamentous state form fine void spaces due
to interlace or bending and also exist together with a fiber bundle (A)
having a fiber bundle diameter of 3 m or mqre (number average fiber

P OBt diaftter PF 3 THITT Eig? 2 2% 3R (ShotdlFdptor i oss dediiBn
of the woven fabric I isdshovx{Ln. IIﬂn Fig.azi,la higI}Z% magnification. SEM

Usﬁﬁlo%gtraﬁh GPth8 tAmE FossY UstioR 1s-Shown? PR& woden-abiic 11'H3d ™

ir rmeability of c/cm2/sec asurem nt limit_or I%ss.Thew%v
ZA i ce g AR B S s o e

by k@ PANESIELAISING 8 004Dl stk 1ape IGoweriy. SIHINg O giye 2,

tape having a width of 38 mm. The disk was polished under the same

o £CoNditions ag - Examplerds Asargsulhdhe diskafter ppiishing, shewed
surface roughness of 0.30 nm and the number of scratches of 0.7 and is

s eeXtiegepmexcelient th smeethyngess and Ipywscrateiepropaties.emoved by
Comparative Example 2 :
hydrolysis. The thus obtained woven fabric is
referred to as a woven fabric TI. The number average
fiber diameter of the fiber of the woven fabric I was
;20 nm. A water flow was injected to the woven
fabric I under the same conditions as in Example 2.
The thus obtained woven fabric is referred to as a
woven fabric II. The woven fabric II was observed by
SEM. As a result, the entire surface cf the fiber
structure is covered with fiberg (B} having a number
average fiber diameter of. 120 nm in a monofilamentous
state without clearance. In the cross-section, the
fibers (B) having a fiber diameter of 1 um or less
(number average fiber diameter: 110 nm) dispersed in
a monofilamentous state form fine void spaces due to
interlace or bending and also exist together with a
fiber bundle (A} having a fiber bundle diameter of 3

um or more (number average fiber bundle diameter: 7.3

pm) . In Fig. 2, a SEM photograph of a cross-gection

of the woven fabric II is shown. In fig. 4, a high-
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In the same manner as in Example 4, polishing was conducted, except
that a laminate obtained by laminating the woven fabric | on a polyester
film was used in place of the woven fabric Il in Example 4. The woven
fabric | was observed by SEM. As a result, a lot of clearances of warp
yarns and weft yarns of the woven fabric existed in a state where fibers
having a number average fiber diameter of 120 nm form a firm bundle on
the surface. In Fig. 3, a SEM photograph of a woven fabric 1 is shown. In
ma8 idhdSadddinn By & BAIRE sPRterS havidtfa fifdter 6 hafiéter of 1
m or less (humber average fiber diameter: 120 nm% existed and void
S ephat8dof fibetd t8ihed by ifiteHRISEr Bething wetd nBfshs@ived. The
woven fal%rictl had 15airoperm a?&%tﬁsog é33 %Clcrg%/§%% TQ% woyven [:abéi}c:: I
Pod0a I}lagjh ‘reflectance of 50%. The Woven Tabric was Taminated on a
ester film usi do, -stick tape, fallowe jtti i e
e 2 i O LB et i sk st pelished GCDr the came e

o £20gdliions ag INExampIe 1.4% 2 resullsthe disk; afier plisfiing,showed

surface roughness of 0.43 nm and the number of scratches of 3.5 and is
p EXremelyr inferiar i, gneeihRessAmd1ew seratch prapestiesto1iowed by

INDUSTRIAL APPLICABILITY
slitting to give a tape having a width of 38 mm. The
disk was polished under the same conditions as in
Example 1. As a result, the disk after polishing
showed surface roughness of 0.30 nm and the number of

scratches of 0.7 and is extremely excellent in

smoothness and low scratch properties.

Comparative Example 2

In the same manner as in Example 4, polishing was
conducted, except that a laminate obtained by
laminating the woven fabric I on a polyester film was
used in place of the woven fabric II in Example 4.
The woven fabric I was observed by SEM. As a result,
a lot of clearances of warp yarns and weft varns of
the woven fabric existed in a state where fibers
having a number average fiber diameter of 120 nm form
a firm bundle on the surface. In Fig. 3, a SEM
photograph of a woven fabric 1 is shown. In the

cross-section, only a bundle of fibers having a fiber
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The fiber structure of the present invention can be suitably used for
wiping cloths such as eyeglass wipers, and polishing clothes and
cleaning tapes used in the manufacturing process of hard disks, silicon
wafers, integrated circuit boards, precision instruments, optical
components and the like. 77 CLAIMS 1. A fiber structure comprising: (A)
a single fiber having a fiber diameter of 3 m or more and/or a fiber bundle
having a fiber bundle diameter of 3 m or more, and (B) a single fiber
diganarieed filder dlarnétePat 1L aF6r 1683 PRI thedahoRdMYA) has a
number avera#e fiber diameter and/or a numper average fiber bundle

SIRARERT of 4 fforfore® X184t A (FPthf ViRe SomBaTET (9)ks HispersEd

in the.companent (A) in a monqfilamentous state in the cross-sectign
fotra eer(li i%?ﬁpe]tﬁité rgfgs%-cvﬁseo 6ir3€:‘ﬁ8rr%6fl t%e‘ﬁﬁgresﬁll?ctfur%?’astﬁé‘:é’s?%'part

rrd e eamPonent () disgersed.inine monallamentpys sipteyis bent
and/or tangle% to form a void space, and at least one “surface of the fiber

o SHUgRtUE ds.covered with the, campanent 8)n2 4 he fippg gipucture
according to claim 1, wherein the fiber bundle of the component (A) is
reflectance of 60%. The woven fabric was laminated
on a polyester film using a double-ztick tape,
followed by slitting to give a tape having a width of
38 mm. The disk was polished under the same
conditions as in Example 1. As a result, the disk
after polishing showed surface roughness of 0.43 nm

and the number of scratches of 3.5 and is extremely

inferior in smoothnessgs and low scratch properties.

INDUSTRIAL APPLICABILITY

The fiber structure of the present invention caﬁ
be suitably used for wiping cloths such as eyveglass
wipers, and polishing clothes and cleaning tapes used
in the manufacturing process of hard disks, silicon
wafers, integrated circuit boards, precision

instruments, optical components and the like,
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composed of single fibers having a number average fiber diameter of 1 m
or less. 3. The fiber structure according to claim 1 or 2, wherein the void
space formed by a bend and/or a 78 tangle is a void space surrounded
only by a fiber whose cross-section cannot be observed, although a fiber
whose cross-section can be observed and a fiber whose cross-section
cannot be observed exist when the cross-section of the fiber structure is
observed on a SEM photograph. 4. The fiber structure according to any
one of claims 1 to 3, wherein a light&Mettance of a surface is 80% or
more. 5. The fiber structure according to any .one of claims 1 to 4,
wherkin aif p&rhfsabilityFis ¢ EER2/L88 BF 18S9 A method for
prodl(l_gt_'son of a,fibeiétrtl#ct rerc%rrépgisin : 1;9rr?i1 a fib(%rL structure

. £
contamlngaa ﬁéli}r%er a oly fiber comﬁcgl dofap u?’gllty ofarﬂglflr%grsoeac%

mhaé)/irng a oiifefergnt sPAubiIgy;{ci:-ng\éin e}%éﬁa(ast one lgirlmld of_ia %ol mer
H amongniﬁe pIuré’If%y of polymers eac Lhavmg a dinerent solubili y of the

bﬂg&/ﬂer @Hg%@tkeéryood@vgloan@n éjgrq{igg é_it’)(_arap1 ving a fiber diameter of

10 to 1,000 nm to give a fiber bundle consisting of the assembled

ultrafil® a single fiber having a fiber diameter of 1
um or less, wherein the component (A) has a nunber
average fiber diameter and/or a number average fiber
bundle dlameter of 4 um or more, at least a part of
the component (B) is dispersed in the component (A)
in a monofilamentous state in the cross-section taken
in the thickness-wise direction of the fiber
gstructure, at least a part of the component (B)
disPersed.in the monofilamentous state is bent and/or
tangled to form a void space, and at least one

surface of the fiber structure is covered with the

component (B).

2. The fiber structure according to claim 1,
wherein the fiber bundle of the component {A) 1is
composed of single fibers having a number average

fiber diameter of 1 pm or less.

3. The fiber structure according to claim 1 or 2,

wherein the void space formed by a bend and/or a
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fibers; and injecting a high-pressure fluid flow at 79 0.1 to 20 MPa into the
fiber structure containing the fiber bundle consisting of the assembled
ultrafine fibers. 7. The method for production of a fiber structure
according to claim 6, wherein the polymer alloy fiber is obtained by
converting the plurality of polymers each having a different solubility into
a polymer alloy using an extrusion kneader and/or a static kneader,
followed by spinning. 8. The method for production of a fiber structure

tazEbRiing ol EorsR AHereii e® RESGDan e t¥nditirfy of e *

assembled ultrafine fibers is a fiber bundle in which a number average
UDRT diahRES 1S fEM 1o So0 AT aRE aOfifibel Fhto Brthd Btding
¢ ;fiber haying an fiber diameter of 10 to 30Q nm is 60% or more. 9. The.
mgt]ﬁ_o or per:od:urcﬁgrsf of qe ﬁbétrosx}tru%?un_r'e Accor |ﬁ§ ¥0Vcﬁaima€, whereifi -~ ©
wnibg diber gitucture aceardingtg £lim 1 ds BIodUGaH. 80 xi st when the

cross-section of the fiber structure is observed on a

SEM photograph.

4, The fiber structure according to any one of
claims 1 to 3, wherein a light reflectance of a

surface is 80% or more.

5. The fiber structure according to any one of
claims 1 to 4, wherein air permeability is 2

ce/em®/sec or less.

6. A method for production of a fiber structure
comprising: forming a fiber structure containing a
polymer alloy fiber composed of a plurality of
polymers each having a different solubility,; removing
at least cne kind of a polymer among the plurality of
polyvmers each having a different solubility of the
polymer alloy fiber, to develop an ultrafine fiber
having a fiber diameter of 10 to 1,000 nm Lo give a
fiber bundle consisting of the assembled ultrafine

fibers; and injecting a high-pressure fluid flow at
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0.1 to 20 MPa into the fiber structure containing the
fiber bundle consisting of the assembled ultrafine

fibers.

7. The method for production of a fiber
gtructure according to claim 6, wherein the polymer
alloy fiber is obtained by converting the plurality
of polymers each having a different solubility into a
polyvmer alloy using an extrusion kneader and/or a

static kneader, followed by spinning.

8. The method for production of a fiber
structure according to claim 6 or 7, wherein the
fiber bundle consisting of the assembled ultrafine
fibers 1is a fiber bundle in which a number average
fiber diameter is from 10 to 300 nm, and a number
ratio of the ultrafine fiber having an fiber diameter

of 10 to 300 nm is 60% or more.
9. The method for production of a fiber

structure according to claim 6, wherein the fiber

structure according to claim 1 is produced.
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