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 um have
been suitably used for eyeglass wipers, display wiping clothes for lens and
electronic equipment, and the like. Recently, wiping clothes made of

combined filament yarns of migrofipers-and.high shrinkage yarns have
been proposed to improve wiping properties and dimensional stability by

therdensification etiRbriguPatentRocument PRopuUcTION THEREOF

TECHNICAL PFIELD

The present inventien relates to a fiber
structure in which fibers are dispersed in a
monafilamentous state, and a methed for production

thereof.

BACKGROUND ART

Heretofore, so-called microfibers having a single
fiper diameter of 2 to 5 um have been suitably used
for eveglass wipers, display wiping clothes for lens
and electronic eqguipment, and the like. Rec¢ently,
wiping c¢lothes made of combined filament varns of
microfibers and high shrinkage yarns have been
proposed to improve wipling 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. Further, in the
case of wiping in everyvday 1life, foreign matters are
put between a wiping cleth and an object during

wiping and larger scratch 1s likely to be made.



However, the conventional wiping clothes sometimes 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 is likely to be made.
Therefore, a range of application of the conventional wiping clothes is
limited to glasses, liquid crystal displays of domestic digital video
cameras, and the like, and there has been a problem that the conventional

+¥iRINg glothes,cannot he applied to obiacts which are soft and gasilyern 2 1

scratched, for example, contact lens, silver products, and the like.

w Fpithermors tﬁb@@ﬂye ntiohat wiping-clgthes Have had got satistagtory 1
wiping properties for stains in fine unevennesses of the object. It is

d tenpsidereddhatgsinee thezconventiorial micrefbershave a sirngieifibdre
diameter of about 2 to 5 1.1.m and, when pressed against the object,

1 5hess eartehlration BdikelyadBeéurtorrthe Surfaée 6f the dbject,
scratches are likely to be made. It is also considered that, when foreign

| CARYRRE ARG bEMFdPa WG BT AR ST oBjRct Bite A% fofeign

atte s are pre sed agaln them nd the are ina 1 stage %f bei 19,
8[eshed by orelgn mat ers scratcﬁes are like Fy to occur. It'is also

mgm@si tB@tm whep stains pengtraje intg migrpdevel upgvennessesiaf. .
n object, even if a microfiber single fiber has a smaller size than that of

the upevanness.csirGe hendingstiftness ofithe micgofiber isstill lasge ithe =

microfiber cannot penetrate along
had not satisfactory wiping properties for stains in
fine unevennesses of the object. It is considered
that, since the conventional microcfibers have a
single fiber dlameter of about 2 to 5 pm and, when
pfessed against the obiject, stress concentration is
likely to occgur on the surface of the obiect,
scratches are likely to be made. It is also
considered that, when foreign matters are put between
a wiping clioth and an object, since the foreign
mathers are pressed against them, and then are in a
state of being poilished by the forelgn matters,
scratches are likely to occour. It is also presumead
that, when stailins penetrate into micro-level
unevennesses of an object, even 1f a microfiber
gingle fiber nhas a2 smaller size than that of the

unevenness, since bending stiffness of the microfiber

ig still large, the microfiber cannot penetrate along



the unevennesses in a bent state and therefore stains cannot be scraped,
resulting in insufficient wiping 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

t severakmigiar malersin Whichesseyerat huadreds to-saveraldens aftains
thousands of nanofibers are assembled. Therefore, problems of a wiping

cglotly tising the abewimicrefibets have Beenisolvetitth somecextent; byt it
is not completely satisfactory. On the other hand, regarding hard

» Higkeé rsilicoh-wafers, integrated circuit boards, precision instruments and
optical components, higher performances are required and thus hi%her

precigfbnco?%ﬁﬁﬁéet prote¥difd BFa Subdttate f%%a&rétﬁ Higher predision
- O §wigce progessing, of ?E%U%Séfgg%é% used herein is mainly, for example,

]gf n g’l?ﬂ.% &
an improvement in smoothness of a substrate surface and reduction of

nSRIiGhes, As Mmeansfagsalving these problems fop example, dhaseqdn a
woven fabric form produced by using ultrafine fibers (micron level) (for

hexamplen Patent Hocament 3)=and thoseirea nonwaven fabric form (for
example, Patent Document 4) are disclosed. By using ultrafine fibers, a
forcetdpplied ¥é alsmsivertgains idodispased veagglémetration of abragive

cgrains and production of polishing wastes, which cause scratches, are

Bpbrebédy. AIthdaGgh tHest TedhridtRs Bxert BB c bR eifdctd futher
vg@@ng%@EQ%BJS %g%%e power and a fiber structure is
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
microfibers have been solved to some extent, but it
is not completely saﬁisfactory.

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

in smoothness of a substrate surface and reduction of

scratches. As means for solving these problems, for



A polishing cloth using nanofibers as 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 is known
to inject a high-pressure fluid flow into 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
eexttpmely Whafine fikeravoven end kattetddalircdinclyding weakdngg
woven and knitted fabric composed mainly of yarns consisting of
v ektremelb/cultrdfiresfidery having ©i2t0<0100091 ¢ déniérsy and@ irjectihg a
liquid of at least 5 to 200 Kg/cm2 into the woven and knitted fabric through
P HidtFiores i 8Gittact thedidvehsiittknitte dPfaBfe ERFRV e F, Bitcethe
‘ techniafue aims at t%neglin% ulttrafige fibers incll%ded in the woyen %z:lbric,dit is
%E%]crl(be%rthgf{ fibers are ur?fa\?(?rabffl%ﬁ?%ﬁgn a%lhidahra% t60 ‘Tﬁ?g o eees
PreSSUEG w1 PRleAt Pocument 6 disgloses a fabrig for;skin clganing,
Including synthetic fibers having a single fiber fineness of 0.001 dtex or
apiore ahd 1,Q dtexoressa thefabde beipg camposd-ofa knjtted and
woven fabric subjected to a high-pressure water flow treatment; and a
amethdd for proaduction thereafddaluding treatihgea fabeit Wwhichvis smoven or
knitted by using composite fibers having a sea-island structure or a
whgle s~ StHicture A REEWaTRr 0P8R aKaR BBIBRGE thereby FérABdERg or
releasing a sea component, and subjecting the fabric to a high-pressure
St floRFitEAhaRt A¥i8 ﬁﬁpgéﬁ?ﬁ:éﬁ] tRe& MRttt Bie ditrafhis et bi
. the technigy& isi% c%rétquyg%gqm and the technique aims at properly

improvem .
INncreasing a fiber space.

A polishing cloth using nanofibers ag thinner
fibers is also disclosed. Algso in this case, gimilarx
to the case of the wiping c¢loth, since nanofibers are
in a bundle state, an original small fiber diameter
cannot be sufficliently utilized and sufficient
effects cannot be obtained.

Although it is known to inject a high-pressure
fluid flow.into a fabric containing uitrafine 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
knicted fabric including making a woven and knitted
fabric comﬁosed mainlily of varns consistiﬁg of

extremely ultrafine fibers having 0.2 to 0.00001



Further, Patent Document 7 discloses an artificial leather including a
nanofiber assembly in which a number average single yarn fineness is 1.3
X 10-5 to 3.2 x 10-4 dtex and the sum of a single yarn fineness ratio (a
single yarn fineness of 1.3 x 10-5 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

d eenthansing=edacity pf thei fiker structyreiar asienting theafibersindbe 200
thickness-wise direction of the fiber structure to improve texture, and a

K atAngling. tréatnignt isfcoreiticeetlrior tocéxhibitiof Ritiafine fibersoy mall
removing one component from a polymer alloy fiber. ~  Also, a polishing

Pogzfmate 0P téSiT Eontamint i potas therein s6ch 48 polytirethane,

and a golishin?g pad %btaiged bz\{:imgregnatinsg a Qoncwoven.fabric

O('rf‘é)err\{ﬁ%os‘edSojf ibers a?/ingezf orﬁBarf'iti\?"ejlf;ﬂ Iargaé fiber drametar with a

w1'85I0:SHER a8 polvirethans arepropased(ses, Joexample. Ratent, ; o
Document 8). However, a polishing pad which satisfies all of smoothness

a<f arpalished surface; reductian- in defects suehas,saatehgs.ands
polishing efficiency has never been obtained.

fiuwid has koo high pressure.

H

?atent’DOCument 6§ discloseg 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
woven fabric stubjected to a2 high-pressure water flow
treatment; and a method for production thereof
including treating a fabric which i1s 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 technigue ig a
continuous varn and the téchnique alms at properivy
increasing a fiber space.

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

which a number average single yvarn finenesgs 1s 1.3 x



For the purpose of discharging polishing wastes and agglomerated
abrasive grains produced by polishing, such a polishing pad has a
structure in which pores occupies a large portion of the surface. 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

1 0Unexaminegl Ratept Publieation{Koka:N9»%18393 «iRatedtyvara
Document 2: Japanese Unexamined Patent Publication (Kokai) No.
£ 12005307379 i0 (a single yarn fineness of 1.3 x 107°
to 3.2 x 107' drex) is 60% or more. In the patent
document, thére ig described that & high-pressure
water flow treatment may be conductaé. .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 fibe; structure to lmprove texture, and a
tangling treatment is conducted prior to exhibit of
ultrafine Ffibers by removing one component Lfrom a
polymer allcoy fiber.

Also, a polishing pad made of a resin contalning
fine pores therelin such as polyurethane, and a
polishing pad obtained by impregnating a nonwoven
fabric composed of f£ibers having a comparatively
large fiber diameter with a resin such as
polyvurethane are proposed (see, for example, Patent
Document 8), However, a peolishing pad which
zatisfies all of smoothness of a polished surface,
reduction in defects such as scratches, andlpoiishing
efficiency has never been obtalned.

For the purpose of discharging polishing wastes

and agglomerated abrasgive gralns produced by



Patent Document 3: Japanese Unexamined Patent Publication (Kokai)
No. 11-90810 Patent Document 4: Japanese Unexamined Patent
Publication (Kokai) No. 2003-236739 Patent Document 5: Japanese
Unexamined Patent Publication (Kokai) No. 60-39439 Patent
Document 6: Japanese Unexamined Patent Publication (Kokai) No.
2005-23435 Patent Document 7: Japanese Unexamined Patent
Publication (Kokai) No. 2004-256983 Patent Document 8: Japanese

jo] é{rkeﬁ(ﬁ%%d Fs)ﬁtgﬂt E%‘&?@E‘%@m g@%%)ﬂol‘?‘é%:%%?ét ructure in
which pores oceupies a large portion of the surface.
Such a structure is advantageous for discharging
polishing wastes and agglomeration abrasive grains,
but has a problem that abrasive grains reguired for
polighing are also discharged simultameously;
resulting in low efficiency in use of abrasive grains.

Patent Document 1: Japanese Unexamined Patent
Publication {RKokail) No. 98-158393

Patent Document 2: Japanese Unexamined Patent
Publication ({(Kokai) No. 20065-307379

Patent Documént 3: Japanese Unexamined Patent
Publication.(xokai) No. 11-8%0810

Patent Document 4: Japanese Unexamined Patent
Publication {Kokail) No. 2003-236738%

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

Patent Document 6: Japanesge Unexamined Patent
Publication (Kokail) No. 2005-23435

Patent Document 7: Japanese Unexamined Patent
Publication (Kokail) No. 2004-256983

Patent Document B: Japanese Unexamined Patent

Publication (Kokai) No. 3-234475

DISCLOSURE OF THE INVENTION



DISCLOSURE OF THE INVENTION Problems to be Solved by the
Invention The present invention provides a fiber structure in which
ultrafine fibers are not in a bundle state and are dispersed in a
monofilamentous state, and a method for production thereof. According to
the present invention, since original features of the ultra fine 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
inegbsoé“—tgin d Wh ﬁfgl?cftba}’]fibtgﬁ%trﬁ:%fr%rilgtﬁ“soe% as a polishing cloth,
abrasive grains can be efficiently utilized and also polishing with,lit
de@(i:?s ﬁgﬁ as Islératléﬁgseélg% Xenco%éitjgc‘ﬁ;aL and % thge%gf%rre l%lé%%gg a ®
in RPlishing clath excellent in-spagthness and.g, polishing.raig, The fibet . ¢ ¢
structure is also used as a wiping cloth having excellent stain removal
= naPropesties s Means.for Salving the Rroblems, n « Accordingte afirst aspest, »
there is provided a fiber structure comprising: (A) a single fiber having a
me  fey diamgter of:igneromere angdfor adiber bundle baving afiber hundle- he
diameter of 3 pin or more, and (B) a single fiber having a fiber diameter of
prelprm or lessauherein the edmpenent (A)dhasainuntkeitures of the

Pro

ultrafine fibers, for exanple, 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 1is wused as a polishing cloth, abrasive
grains can be efficiently utilized and also polishing
with little defects such as scratches can be
conducted, and is therefore useful as a polishing
cloth excellent in smcothness and a polishing rate.
The fiber structure 1s also used as a wiping cloth

having excellent stain removal properties.

Means for Sclving the Problems

According to a first aspect, there is provided a
fiber structure comprising: {(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 or more,
and (B) a single fiber having a fiber diameter of 1

um or less, wherein the component (A) has a number

8



average fiber diameter and/or a number average fiber bundle diameter of
41..Lm or more, at least a part of the component (B) is dispersed in the
component (A) in a monofilamenLous 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). According to a second
s . : .
=V aspéct, thére is pré?l\]ﬁaén& g Erenreth‘%g()aC%‘?Opjiﬂro uct%ﬁ%ﬁf’gjﬁbé%éﬁﬁétﬁ?e Liber
1 pGOMPrising: fortmlr}g a 1i£Lbegl structure containing a polyger alloy fiber

“differérit solfbiftg T = ©F

compose ofa ﬁuralﬁy of poﬁ%e%xeaghoﬁfvingaa dif

t h SemeVing, adgast qne kind.of & Qgg@fga@ongghet@!wa'%ﬁ %gﬁ%f;n (B)

each having a different solubility of the polymer alloy fiber, to dev

in Wtrafig fikerhavingadfiber diameter 91,1019 1,000 nm.to.give 3 fibery . o

bundle consisting of the assembled ultrafine fibers; and injecting a
in highipressure: fluid flew &t O.14e 20 MPa inta: thesfiber structure,eontaiping »
the fiberbundle consisting of the assembled ultrafine fibers, and wherein
st rthe fibershundiecconsisting of the gssembled itrafine fibershiga fiber: (&)
bundle in which a number average fiber diameter is from 10 to 300 nm,
disgrfdees AGMBET ratiocof thenutfa fimerfibers havingtafitter diameterof 0itd/ or
300 nm is 60% or more: The present disclosure for solving the
tangrbBlemsidescilsderabove i éHsfactézeddy thé following cohstitationsene

surface of the fiber structure is covered with the
component (B).

According to a second aspect, there is provided =z
method for production of a fiker structure
comprising: forming & fiber structure containing a
polymer alloy Tfiber 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 allcoy fiber, to develop 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—preésure filuid flow at
0.1 to 20 MPa intc the fiber structure containing the
fiber bundle consisting of the assembled ultrafine
fibers, and wherein the fiber bundle consisting of

the assembled ultrafine fibers is a fiber bundle in

8a



(1) A fiber structure including: A) a single fiber having a fiber diameter of 3

Jim or more and/or a fiber bundle having a fiber bundle diameter of 3 jim

or more, and (B) a single fiber having a fiber diameter of 1 um or less,

wherein the component (A) has a number average fiber diameter and/or a

number average fiber bundle diameter of 4 um or less, at least a part of

the component (13) is dispersed in the component (A) in a

“monofilamentous state in the cross-section taken in the thickness-wise
whigifection B % ibersiticRpe atfleht & part BFRE ©Bmpchent(®) 19 o

dispersed in the monofilamentous state is bent and/or tangled to for ,%e s

30 0yoitfspac dndt IBEBRE surfact Of the fibef Strubture is coveted

the component (B). (2) The fiber structure according fo the . N
hava*ﬁlo%e-raner%ijé}ﬁéd’) (1)%?%%%%%@?% ﬁt?ertgl?ndlg%f tgg éomnp%neln (A?Ps" o
composed of a single fiber having a number average fiber diameter of 1

more. . . .
um or less. (3) The fiber structure according to the above-mentioned (1)

or ¢2)wheteln thevoid space.formed by bendsandar fanglgs is @ Ngith e s
space surrounded only by a fiber whose cross-section cannot be

de sQbseped, although a fiber whpse gross-section cap pe ahservedand dwing
fiber whose cross-section cannot be observed exist when the

conGress-sactiomn: ef.the fiber structure is observed on a SEM photograph. (4)
The fiber structure according to any one of the

(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

8b



above-mentioned (1) to (3), wherein a light reflectance of a surface is
BO% or more. (5) The fiber structure according to any one of the
above-mentioned (1) to (4), wherein air permeability is 2 cc/cm2/sec or
less. (6) A method for production of a fiber structure, which comprises
forming afiber 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

o differeat solublity gf the polyrgarcallpyfiber, to. davglop,an yltrafine fiber

having a fiber diameter of 10 to 1,000 nm to give a fiber bundle consisting
a of the assembled plrafine fibers; and.injecting ahigh-presswe fluidfiow at
0.1 to 20 MPa into the fiber structure containing the fiber bundle consisting
tupf the assembled ultrafinefilfers e {7 ) Ehevmethod dardpfoductiomofiadiber
structure according to the above-mentioned (6), wherein the polymer alloy
a¥iperBeobtahed by eonvetting tegstaraligy of polymers edctelvavirg-a
different solubilit\t% into a polymer allg}g usigl_% an extrusion kneader and/or a
I

L SRatic KheRAET fllowed Dy SPIFTAG "(8) THe methdtifoP prowfidtidt ora: €

cé@ﬁ%ﬁ@ﬁ%wﬁa) in a monofilamentous state in the
cross-section taken in the thickness-wise direction
of the fiber gtructure, 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-
menticoned (1), wherein the fiber bundle of the
component {(A) is composed of a single fiber having a
number average fiber diameter of 1 um or less,

(3) The f{iber structure according to the above-
mentioned (1) or {(2), wherein the void space formed
by bends and/or tangles is a void space surrounded
only by a fiber whose cross-section cannot be
observed, although a fiber whose cross-section can be
cbserved and a fiber whose crogss-section cannot be
observed exist when the cross-gsection of the fiber
structure is observed on a SEM photograph.

{4} 7The fiber structure according te any one of the



according to the above-mentioned (6) or (7), wherein the fiber bundle
consisting of the assembled ultrafine fibers is a fiber bundle in which a
number average fiber diameter is from 10 to 300 nm, and a humber 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

= weerding to; the Luesent invention, jt ispessible tq easilyoptain a fiber
structure in which ultrafine fibers are dispersed on a single fiber. When

r sfitlke afider stracture is wséd as aipolishing clothy @arpolishing load is
dispersed in the ultrafine fibers dispersed in a monofilamentous state, and

{Fhus ThForkrd PeHshirigowitt High shroothifess cal beordacted. Furthes,
since moderate void spaces exist between the ultrafine fibers, the fiber

aRfYERERiad 8High adiftty bPhdlfing abt&sie! GrafsT WieRTRE Rbér: £

i sstryctg@ig us/esde%s a Poﬁs@hﬁiqﬂg cloth, agglomeration of abrasive grains is
suppressegand scratches are less likely to be made. When the fiber

(6) A method for production of a fikber 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 plurallity of
polymers each having a different solubility of the
polymer alloy fiber, to develop an ultrafine fiher
having a fiber diameter of 10 to 1,000 nm to give a
fiber bundie consisting of the assembled ultrafine
fibers; and injecting a high-pressure fluid flow at
0.1 to 20 MPa into the fiber structure containing the
fiber bundle congisting of the assembled ultrafine
fibers.

(7} The method for production of a fiber structure
according te the above-mentioned (6), wherein the
polymer alloy fiber is obtained by converting the
plurality of polvmers each having a different
solubility into a polvmer alloy_using an extrusion
kneader and/or a static kneader, followed by spinning.

{8) The method for production of a fiber structure

10



structure is used as a wiper, the fiber structure has a high ability of
trapping stains. The fiber structure of the present disclosure has a lot
of very small void spaces between fibers compared to a conventional fiber
structure used for a polishingcloth,andlike,andisdense. _
Therefore,fineparticlesarelesslikelyto 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

a Pelishing, with unifermitydhe fibrstructiie is and high efficiency can be,
conducted. The fiber structure has fine space and therefore has moderate
t flexibilitysandbeushicning-properies sand:is advaniageousfeimproving
smoothness of articles to be polished and reduction in scratches. The fiber
u struetfivenis ekteltent in-tenacity sitce thick&ingle-fibers orfiber bundles:
exist in the fiber structure. Furthermore, the fiber structure is excellent in
2ViFiRG Peffémiancesamichtfe fiferistitbtutd istiseti ™ &WipirtPeoth

and can provide aé‘.i h-performance polishing cloth whjch causes liitle
LT B BRI DECCHIBTION DF i THAMINGS tiper

r at%s
no-wiped portion.
diameter of 10 to 300 nm is 60% or more.
(93} The method for production of a fiber structure
according to the above-mentioned {(6), wherein the
fiber structure according to the above-mentionpned (1}

ig produced.

EFFECTE OF THE INVENTION

According to the present inventiocn, 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 poelishing
cloth, a polishing load is dispersed in the ultrafine
fibers dispersed in a monofilamentous state, and thus
uniform polishing with high smoothness can be
conducted. Further, since moderate vold spaces exist
between the ultrafine £ibers, the fiber structure has
a high ability of holding abrasive grains. When the
fiber structure is used as a polishing cloth,
agglomeration of abrasive grainsg is suppressed and

gcratches are less likely toe be made. When the fiber



Fig | is a SEM photograph showing a cross-sectional shape of a
composite sheet | produced in Example 1. Fig. 2 is a SEM photograph
showing a cross-sectional shape of a woven fabric Il produced in Example
4. Fig. 3 is a SEM photograph showing a cross-sectional shape of a
woven fabric Il produced in Comparative Example 2. Fig.4isa
high-magnification SEM photograph showing a cross-sectional shape of a

woven fabric Il produced in Example 4, EXPLANATION OF LETTERS OR
stINOMERALSS used as a wiper, the fiber structure has

a high ability of trapping stains.
The fiber structure of the present disclosure has
a lot of wvery small veild spaces between fibers

compared to a conventicnail fiber structure used for a

polishing cloth, and the like, and is dense.
Therefore, fine particles are less likely o)
penetrate into the fiber structure and. When the

fiber structure is used as & polishing cleth, 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 cushioning
properties, and is advantagecus for improving
smoothness of articles to be polished and reduction
in scratches. The fiber structure 1is excellent in
tenacity since thick single fibers or fiber bundles
exist 1Iin the fiber structure. Furthermore, the fiber
structure 1is excellent 1n wiping performances when
the fiber structure is used as a wiping cloth and can
provide a high-performance polishing «<¢loth which

causes little no-wiped portion.

BERIEF DESCRIPTION OF THE DRAWINGS
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1: Example of a fiber dispersed in a monofilamentous state in the
composite sheet Il produced in Example 1 2: Example of a fiber
bundle in a composite sheet Il produced Example 1 3: Example of a
fiber in a short fiber nonwoven fabric in the composite sheet Il produced in
Example 4: Example of a fiber bundle in a woven fabric 1l produced
in Example 4 (black portion) 5: Example of a fiber dispersed in a

Fig. 1 1s a S3SEM photcgraph showing a crosgss-
sectional shape of a composite sheet T produced in
Example 1.

Fig. 2 1s a SEM photograph showing & cross-
sectional shape c¢f a woven fabric II produced in
Example 4.

Fig. 3 is a S5EM photograph showing a cross-
sectional shape of a woven fabric II produced in
Comparative Example 2.

Fig. 4 is a high-magnifilication SEM photograph
showing a cross-sectional shape of a woven fabric TI7T

produced in Example 4.

EXPLANATTION CF LETTERS OR NUMERALS

1: Example of a fiber dispersed in a
monofilamentcous state in the composite sheet I1I
produced in Example 1

Z2: Example of a fiber bundle in & composite sheet
IT produced Example 1

3: Example ©of a fiber in & short fiber nonwoven

fabric in the composite sheet II produced in Example

13



monofilamentous state in the woven fabric Il produced in Example 4
(portion visualized to be white) 6: Assembly of fiber bundles in the
woven fabric Il produced in Example 4 7: Example of a fiber bundle in
the woven fabric Il produced 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 Il produced in Example 4 BEST

MODE FOR CARRYING OUT THE INVENTION
4: Example of a fiber bundle in a woven fabric II

produced in Example 4 (black portion}

5: Example of a fiber dispersed in a

13a



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 single fiber having a fiber diameter of 3 nm or
more and a number average fiber diameter of 4 nm or more, or a fiber
bundle having a fiber bundle diameter of 3 nm or more and a number
average fiber bundle diameter of 4 pm or more, or both of them

(herelnafter may be usually referred to as a fiber and/or a fiber bundle).
Eurthér AfdEr 4% confgcheht (BYrefers toea shighe filserHavingpduced

adiameter_of 1 hm or Iess (nerernafter m g/ be referred to as an ultrafine
i%b ﬁample {portion visualiz to be white)

6: Assgembly of fiber bundles in the woven Ffabric
17 produced in Example 4

7: Example of a fiber bundle in the woven fabric
I7 produced in Example 4

&:. Example of a fiber dispersed in the
monofilamentous state and a void space formed by a
bend/tangle thereof in the woven fabric IT produced

in Bxample 4

BEST MODE FOR CARRYING OUT THE INVENTION

A fiber structure and a method for production
thereof acrcording teo the present invention will be
hereinafter described in detail by way of preferred
embodiments.

A fiber asg a component {(A) in the fiber structure
of the present invention refers Lo a single fiber
having a fiber diameter of 3 um or more and a number
average fiber diameter of 4 um or more, or a fiber
bundle having a fiber bundle diameter of 3 um or more

and a number average [iber bundle diameter of 4 pum or

mere, or both of them (hereinafter mayv be usually
referred to as a fiber and/or a fiber bundle).

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

14



A structure having these components (A) and (B) are formed into a sheet
and, in the cross-section taken in the thickness-wise direction of the fiber
structure, 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 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
s fiberidiarhéter or adibenburd|é diesmetér efi@:limmor orfore apd aomurhbers
average fiber diameter or a number average fiber bundle diameter of 4 hm
(BPfRrE AVRhER tHEPSinGE fiBEESEEET bbRdIB Sisitfle BorhpBrertA) is too
thick, smoothness of the surface of the fiber structure tends to deteriorate
£ . ) . .
and therefore the number average fiber diameter or number average fiber

bundie diameter,of the.camponen, (s praferably, 20.h ”ngf lessaAlse) a

fiber structure containing only fibers as the component (A) may have a

a swrfacewith insuffisieat smeathngssand whensed asa palishing:cloth,
void spaces between fibers become large and uniform retentiveness of

t abrasivergraing deteriokates and agpolishing pressurecdpptied ta abrasive
grains is not easily dispersed. Therefore, it is necessary that the fiber

= §FlceTeT thé preseatihvéntivitificlodes tifrafiienitseis (8) heing'®

single fiber diameter of 1 1m or less. .
usualily 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 obkjective effect of
improving the strength of the fiber structure of the
pregsent invention is not obtained. Therefore, it is
necegsary that the fiber as the component {A} has a
single fiber diameter or a fiber bundle diameter of 3
um or mere and a number averasge flber diameter or a
ﬁumber average fiber bundle dlamester of 4 pm or more.
When the single fiber or fiber bundle as the
component (A) 1s too thick, smoothness of the surface
of the fiber structure tends to deteriocrate and
therefore the number average fiber dlameter or number
average fiber bundle diameter of the component {(A) is
preferably 20 pm or less. Alsoc, a fibery structure

contalning only f£ibers as the component (A} may have



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
image processing software, or the like, or directly measuring it on a
printed photograph. The number average fiber diameter or number

a aferaga fibel Biindlé BRvieteris HRterfmmest By M Easutng the Bt e Mt
diameter ar fiber bundle diameter, of 30 samples obtained at random on

ThePsdine sGHACT o i e crods-s8c i Gy tha ‘ShAifat niéth8d Sand
pdeternining the simple average, which s taken as the nu n%]%qaar%/ glage

fiber diameter or number average fiber bundle diameter. When the
g etossseqtion ofithe fibekis ot camplets rund thecrassosectionalaredy
of the fiber is determined and the diameter of a circle equivalent to the
t areghis 4akeneasya fibheradiametes of thedfibey. 4ai dhe teraw"fiber bundle-
as used in the present invention refers to a fiber assembly in which a
Thliralifpafesingle fibersigre emifermly adhgdd:in thé sabstantizlly sante
direction as that of a fiber longitudinal direction substantially without
©ElehrHhcB I PRE tErm Sate i Whlich 3ot fiterd fe drfariyed - 128 s

(gblb%aqpaljll V\/a!thgut clﬁ%ra(flg%' rgfeés fo a state in which the sum of the
Blea F ciéitafce Bethedn smgfe fiserd I 109 of fess of § (Fdsstécttional

wikeR afidefiber assembhy,in the.crogs;seetion of fipersdn the fitet: st ance
assembly. When the cross-section of the fiber structure is observed after

o€UtHNGkISNecessatyi 10 use @ sharpiautter ¥ possibler afferfreezingnher
fiber structure by dipping in liquid nitrogen so as to suppress fusion of
afiparguge fiber diameter of the fibers (B) is
preferably 10 nm or more.

in the present invention, the single fiber
diameter or f£iber bundle diameter is determined by
observing the surface or cross-section of the fiber
structure using a transmigsion electron microscope
{TEM) or a scanning electron microscope {SEM) and
using lmage processing software, or the like, or
directly measuring it 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 random on the same surface or in the

cross-gsection using the similar method, and

determining the simple average, which is taken as the

16



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
thin or composed of a polymer having a comparatively low melting point,
for example, an ultrafine fiber bundle, the fibers are fused each other
when the cross-section is cut, and thus no clearance may be observed in
the fiber bundle. In such a case, the clearance between the fibers is
regarded as zero. The fiber structure of the present invention can
usually has sufficient tenacity suited for a polishing cloth or a wiping cloth
npyierestenee of thelfiber dridivefiber bundkeastthe componerst (Aj.drx
addition, dropping-off of ultrafine fibers can be suppressed when the fiber
bepictsreds ¥8EE &8 the POIRMING Goth T SvipifG elotP By Bdexidtende 6fe ™
. LSJItragr%e gt‘t)}ersl(B disgerseg in %}Tonofilamemntousts,tate alnd the fiber
* Sndioriver Bundre” For the ﬁurposee of more s%%ﬁre%%fﬁ% dr%ﬁﬁﬁ‘g-%ﬁ of
cife ultrafine fibers,dtis possible tg.eenial, ag abjader, afesig sueh.ag .
polyurethane. However, in the case where the ultrafine fibers are fixed by

ctanglesosdusion, when agglemeratad.alrasiye grairs gpolishingavastes,
which can cause scratches, exist, a force applied on articles to be

opolished £ahdwe.mitigated by movement of fibers. As a result, polishing
with high smoothness and less defects such as scratches can be
condddtéd, tgHerthis ithgw 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 “"sgtate 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 1s 10% or legss 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 is observed
after cutting., it is necegsary to use a sharp cutter,
if possible, after freezing the fiber structure by
dipping in liguid nitrogen so ag to suppress fusion
of Libers.

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

single fibers constituting the fiber bundle are very

17



preferred that the ultrafine fibers are not fixed by a resin. The term
"fibers dispersed in a monofilamentous state" as used herein refers to
fibers in which each single fiber separately exits, substantially. In the
present invention, the following procedure determines whether or not
fibers are dispersed in a monofilamentous state. The surface of the fiber
structure is observed by TEM or GEM 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 mm, the length of
EHHEilRT iSO BRTE MBI and? WheR e RBetidiamétef RIP amadt hiiGrey
the length s at least 10 times the fiber diameter. When the fiber_is not

. ggnt?fﬁ% 55?%08%%?@%’wi§ﬁ AnGtharfiber, it %@e&&r‘déa fh‘éf the fitssts are
pdisRgrsed in, @ manofilamentous.gtate, !%Q‘&Pr%%%[‘érmvx?ﬁ%%”’ when the

fiber structure is seen in the cross-section taken in the thickness-wise
c disegliop of the fiber strugture, Jtig ipparkant that the vitrafie fikersB)
are monodispersed between the usual fibers and/or fiber bundles (A).
o¥dhenthese finefilbers aive dispetsed én a maenofilarmentous:state, flexdbility
of the fiber is exhibited and also structural uniformity of the fiber structure
¢ lsdmproved. TRE pesporidreofihése mohadisparsed fibers s prefarably
large. Specifically, in the cross-section of the fiber structure, the ratio of

the fiBeré nidrivtifsperdetitétvien the ffer® A6@/6F fiberblRBIRS TR) 2

ghe fibers which are not monodispersed |s preferably, 10:1 or more, and
um%?egjg%fgraéﬁlysééf or Jr“ng‘?:orrlég Eerﬁﬁ/ﬁé% {hesf}bjé% %)térugtar?e i$ seen in the

pErPseReslipntaken inthe thicknessawise Ql{%ct@% of the finer strugtuee, o ¢

when the proportion of a cross-sectional area of the single fiber or fiber
thyndle KA)based ana eross-sestional area-of the-fikensiusture is Qo .
small, tenacity and form stability of the fiber structure become insufficient.
ITheddition, dropping—off of ultrafine fibers can be
suppresgssed when the fiber structure i1s used as the
polighing cloth or wiping c¢loth by coexistence of
nitrafine fibers (B) dispersed in a monofilamentous
state and the fiber and/or fiber bundle. For the
purpose of more suppressing dropping-off of the
uitrafine fiberg, it is possible to contain, as a
binder, a resin such as polyvurethane. However, in
the case where the ultrafine fibers are fixed by
tangles or fusion, when aggiomerated abrasive grains
or polishing wastes, which can cause scratches, exist,
a force applied on articles te be polished can be
mitigated by movement of fibers. Ag a result,

polishing with high smoothness and less defects such

ag scratches can be conducted, and thus 1tC is
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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
BO% 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 very small void spaces by bends

P BriangesSorberdstdtt tahgles thereinafiéranay be teferéed fo ds Belds
and/or tangles). These void spaces can impart moderate cushioning

“ pfopertties to the fiber structure of the present invention and, when the

fiver spuctyle. usgd a3 2 polshing clotly conoentiation pf a polishing
pressure against a specific position IS suppressed an&lt%us scra?c es can

¢ bg reduced. Amwagihe fikers (B); the,proportion of the bent.andior o, oy,

tangled fibers is measured by the following procedure. That is, the
s trogs-sectioneef the fiberstaiciureis elserachy-a frapsmisgion electiofe
microscope (TEM) or a scanning electron microscope (GEM) and then the
p proporntionioftise humber ofthe behtandiortapgled sihglesfivkrs amohg e s
100 single fibers selected at random from the single fibers (B) is

vB&tehRned * TRE bropoftfohtof 2He bertRdior #hgtéd fibers is preferably
20%_ar more, more preferably 40% or more, and still mqre preferably 60%

M OP iote: BASEd OR The SAtTe Tibere(B)° % F %%ib%#bﬁnﬁe (APES

s aaqtber,companent cansfitying the. figerstrugiuge of the presentinvention
is preferably composed of single fibers having a number average fiber

s diageterof A arlesssAYhenit issa-fileer bsndigcomposed of these ¢

1,000 times or more. It is considered that, when the

fiber diameter of the fiber is less than 2 um, the

length cf the fiber is 20 pm or more and, when the

fiber diameter is 2 pm or more, the length is at

lzast 10 times the fiber diameter. When the fiber is
not continuously contacted with ancther fiber, it is
regarded that the fibers are dispersed in a
monofilamentous state. In the pregsent invention,
when the fiber structure is sgeen in the cross-section
taken in the thickness-wise direction of the fiber
structure, 1t 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 is exhibited and also structural uniformity
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fine single fibers, tenacity and form stability of the fiber structure can be
sufficiently improved. When a tangle is formed between fine fibers existing
on the outermost surface of the fiber bundle (A) and the ultrafine fibers (B)
dispersed in a monofilamentous state, which exist between the fiber
bundles (A), the fiber bundle (A) and the fibers (B) 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

© fnohbfilafmehtoussstate Hre preférabiibers eohposteeofithe Bamel on
material since the both are easily integrated. The void spaces to be

©fored By Bemas AhBRS tafles ofthe Singfe Abefs RilPte!desciibEd. In

.the fiber structure, the yoid spaces generally exist. The void spaces can

&Bg %féjégéiﬁgg (;lr?{é thlenfo\ﬁ%lv&\a/ing]i\?vg ii‘n%%?%)%/é} %in%flshé e%ranlcge%retween

s thefibers-formed since the fibers caonet e tightly adhared, completely,
and can be formed along the longitudinal direction of the fiber while being

beumeundediy the sEass-sectigns-of3 emorefibers dn addlitien, thare are
void spaces in which one single fiber forms a loop, or void spaces

£ sreounded ibytareintersectiomocofeiplaraditysaf dibérs, whicheareréferred ta
as the void spaces formed by bends and/or tangles of the single fibers in

O thestESentdmention eTHE hethodTordisthghishingthé @bove two kinds
is as fqllows, That is, when the cross-section of the fiber structure is

obselvad by Bhfarging Using SEM® 8F the’iike, 35 fider WhosterésSettion
-1 be gbseryed and afiber whose crosg-seetion canngLbe gbseryed ,

exist. The void spaces to be formed by bends and/or tangles of the single
tfibars insthegeresent inventian refer tovgichspaces surounded.qiiy by the
later "whose cross-section cannot be observed”. The void spaces
ssurtdunded byrhke fibér whesescrogs-sedtioh €annat bieiaksenreda@idthe
- fiber whose cross-section can be observed are not regarded as void
{ 8paded TG ethbyE bETILSETIGriangles bf the shgktfibérs sinceane

gbjective effects imparting resilience of the fiber séructure of the present
Skﬁgﬁﬁﬁfﬁeﬁﬁﬂﬁmﬁaﬁwali' tenacity an form stability

cf the fiber structure become insufficient. The
proportion is preferably 10% or more, more preferably
20% or more, and still more preferably 30% or morxre.
In contrast, when the proportion is too large,
flexibility and cushioning properties of the fibar
structure become insufficient. The proporticn 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 directiocn of the
fiber striucture, at least a part pf the fibers

dispersed in a monefilamentous state preferably form
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In the fiber structure of the present invention, thin single fibers (B) exist
between comparatively thick single fibers or fiber bundles (A). As 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. Therefore, when the fiber structure is
used as a polishing cloth, abrasive grains do not move in the fiber
structure and remain on the surface of the fibet structure, and thus
polishing can be conducted efficiently and uniformly. Such effects can be
v exeErted' By todxistenceaffitafinie fiiels dispérséd irPa afonofilanieridus
state so as to fill a space between the usual fibers or fiber bundles in the
>fiBerGRIETE of e SreBEritiiveridn. By theSw pofishity Busuaiy'
canducted whole supplying a slurry in,which abrasive grains are dispersed
a?n%%gui%%ﬁgf? tagg)wélter. h that ga%%e% when %ﬁesliqcu?él c&rﬁgﬁﬁeg in the

nSEyNas low permeability Lo thepalishing cloth,the layst of a filmy liquid,

is formed on the surface of the polishing cloth, and thus the polishing
o elothis lesselikehy:tocontact With asticies terberpolisked-ana efficiency of
polishing may drastically decrease. However, in he present invention, the
s liquid invthe slgrnpeatbe absorbed and discharyed by tlheabeveveryion
small void spaces and decrease of polishing efficiency can be prevented.
°©Bydh® eisfthed of Bet8 Ibispaeas FekibilityesrtRe fibér ftRftiraen
. particularl joning prqperties in a thjckn irection are improved.
i aé%tﬁr%.gé‘%@[oa;%% Propert gsscraaéci{:e ness diregtion are impjoved
he e 1per structure IS used as a
Among the fibers (B), the proportion of the bent
and/or tangled fibers is measured by the following
procedure. That is, the cross-gsection of the fiber
structure is observed by a transmission elesctron
microscope (TEM} or a scanning electron microsceope
{8EM) 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 fibhers (B)
is determined. The proportion of the bent and/orx
tangled fibers is preferably 20% or 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 ig a fiber bundle composed of these
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polishing cloth, polishing with excellent smoothness and less scratches
can be conducted. It is necessary that at least one surface of the fiber
structure of the present invention is covered with the ultrafine fibers (B).
A state in which the surface of he fiber structure in the present invention is
covered with ultrafine fibers (B) is 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 processing software or directly measuring it on
£ afptinfetPsHdtodraph sand thef ftdd Egnfirfiidd tRatthe fibéridiamete? fs 1
urn gr less. Next, the surface of the fiber structure is observed by SEM or

“Bf opfiE IniEroSE5e Aidet MagHichlion of 50 k¥ ahBIEiS E6ffirmed
i vaidspages do potsulietantally existon e suifage, The expression

"void spaces stantially exist on the surface” as used herein
oFefesdo dhe fachthat 10 0F less voidespaces i@ sizef 19 11m2(anmaies

exist in a region of 2 mm square by observing under magnification of 50
r Henes lln:the prasent invention thedfinars (B)awithin a
monofilamentous state, which exist between the fiber
bpundles (&), the fiber bundle (A) and the fibers (B)
disperged in a monofilamentous state are integrated.
This integration has the effects of improving
tenacity and form stability of the fiber structure.
The fibers coeonstituting the fiber bundle {(A) and the
fibers {(B) dispersed in a monofilamentous state are
preferably fibers compcsed of the same material since
the both are easily integrated.

The vold spaces to be formed by bends and/or
tangles of the gingle fibers will be described. In
the fiber structure, the veid spaces generally exist.
The void spaces can be clasgified into the following
two kinds. One kind is clearance between the fibers
formed since the fibers cannot be tightlyv adhered,
cempletely, and can be formed along the longitudinal
direction of the fiber while being surrounded by the
cross-sections of 3 or more fibers. In additicn,
there are void spaces in which one single fiber forms

a loop, or void spaceg surrounded by an intersection
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which the surface is covered are preferably dispersed in a
monofilamentous state. Definition of the fibers dispersed in a
monofilamentous state is as defined above. The fiber structure of the
present invention preferably has a surface light reflectance of 80% or
more. Herein, high light reflectance means that the 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 palishing cloth, since the structure has hit?h Iiggt

e

© feffechante® abragive 'grding 8 hot HibbEto 4R fté RaPRyEFin

-paishing,cloihduing-palishipo apdremain an g siriace and glsg, v
abrasive grains are firmly held by fibers and less abrasive grains are

s 8gglomerated .and thus;polishing with exgellent smeothness.can.bgo g
conducted. When the light reflectance is less than 80%, since the degree

£ of opaning shthediber is insufficientso asio holdithe ahsasive grains, the.
light reflectance is preferably 80% or more, and more preferably 90% or
moreTFhe light refléctanderef the prasent ivéntiortis atrektidé bale
assumed that the light reflectance of a standard white board defined in

5 Y PBI5S (2005°VErRioNT fs 10096 Aha tHer8 % HE tedreticdl uger fiftift

L € % also the Ilgf]}t r%‘lectanc]ef C%asy»ex(gggd 100% depggdlngsogrtgg él_ber a

=1 whoge C 3 O, Carn. ] a
structure ofjtﬁe presen?lnventlon. en ezﬁber éﬁameter IS excesswef)l/

» degreased,5o as to.ephancedhe light reflectance descybed herginaftet, |

the fibers are likely to be cut and polishing may become unstable.
rilBergfare, hedigbtreflectance israreferally 4 2Q%-ordess/ dhe fiba1 e
structure having a high light reflectance can be achieved by making fibers
o Of asarfacekayer tObesvery fine ahe allowingthem 1o exit icenderssee ©
state. Herein, the light reflectance depends on the size of a specific
Lguifaceraren Bf fie fiieTS BH M Surfdbevof e fihé striiéife. THaP B as
the ;‘fedﬁc surface area increases, the reflectance becomes higher. In

© B Sre8&t invEntiSA I8 suRScS RS &F Etbstantially coMposel DAl of
< {1Rers and dtis necessany: that fine, finers are allowed.to. exist dgnsggly ony,e

the surtace layer as if the surface layer
observed and the fiber whése cross-section can be
ohserved 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) exiszst between comparatively
thick single fibers or f£iber bundlies (A). As 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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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 if the
surface layer is 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 thus it is
impossible to obtain a fiber structure which can be used as a polishing
cloth. Therefore, it is necessary to maintain the form through friction
between the fibers by Eter%e%[ Weavinlg, knitting or tarlglin%the fibers. As
TEHSAREE betiieth the © interd&&ions of fibets et fealdS ™ distance

mbf&%%ﬁqggecf@g& .decreases.and, as asresult, the light reflectance can be

increased: Since the distance betwéen the intersections of fibers can be

£ fecreased as the-fibers are-easilybest, itis inpertand that dhe fibess of the
surface layer are made to be thin. In addition, it can be achieved by

£ beading the &hersasingsaisttangsforeet Thatisgfraexamplecthedight-d
reflectance can be increased by a method of decreasing the diameter of

e fie singhe tfiber e € unndriesgdnforcilfly Bending FiBER &t F8ndo by a
force of a _high-pressure fluid flow to decrease a distance between tangles.

MBS irfjB&TySE RigR prédsute fidid fIowSs & ARttty Hréerably
. method since jt has the effects of substantially thinning fibersg Ek))gw

l%is%e?ns?ﬁlgoa bundie of ib&rsin A monotilamentous state.

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 grains are dispersed in a
1iguid such as water. In that case, when the liguid
contained in the slurfy has low permeability to the
polishing cleoth, the laver of a filmy liguid is
formed on the surface of the polishing cloth, and
thus the pelishing cloth is less likely to contact
with articles to be polished and efficlency of
polishing may drastically decrease, However, in the
present invention, the liguid in the slurry can be
absorbad and discharged by the above very small void
spaces and decrease of polishing efficiency can be
pravented. By the existence of these void spaces,
flexibiiity 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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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 reflectance
determined by measuring an average reflectance of reflectances
measured at 380 to 780 nm every 1 nm using a spectrophotometer is
measured with respect to 3 samples collected from the surface layer
portion at any position of the fiber structure, followed by simple 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
D peiridtifity ot 2 et/cmiydecsdriass. v i tIasaagerrRabilifaeidege s 5
herein, a value measured according to a method (Frazier method) defined

15951066 Fro08 e sionfisUset Bt th& fiber structure of the

presenf invention is.composed rpainly of fibers agd 2 ot ofwery sl void
spaces exist in the ﬁber structure, alr permea |I|ty (?OGS not?heoretlca Yy

£ beeame zern. Howeves acgerding o the methad-defipgd in JIo 10964

(1999-Version), it may become a measuring limit of the apparatus or zero.
w T barefere, mithe preseat nyestion, itas difficult to specify the lower limit of

air permeability of the fiber structure and the lower limit is substantially

zeroh state in which the surface of the fiber
structure in the present invention is covered with
ultrafine fibers {B) ig determined by the following
method. Firsﬁ, any position of the surface of the
fiber structure i1s observed by TEM or SEM and a
single fiber diameter of 30 fibers samplied at random
is measured by using image processing software oxr
directly measuring it on a printed photograph, and
then it is confirmed that the fiber diameter is 1 um
or less. MNext, the surface of the fiber structure is

observed by SEM or an opitical microscope under

magnification of 50 times and it is confirmed that

veid spaces do not sgubsgtantially exist on the surface.

The expression “void spaces do not substantialiy
exist on the surface” as used herein refers to the
fact that 10 or less void spaces in a size of 10 upm”
or more exist in a regicn of 2 mm sguare by observing
under magnification of 50 times.

In the present invention, the fibers (B} with

which the surface is covered are preferably dispersed
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When the air permeability is measured, the measurement is conducted
after setting the fiber structure so that the surface of the fiber structure is a
front. Lower air permeability means denseness of the fiber structure, small
void spaces between fibers, particularly less large void spaces.That is,
when the structure has low air permeability, abrasive grains remains on
the surface without being moved to an internal layer of the fiber structure
during polishing, and thus polishing can be efficiently conducted. As the
olishing clot,h),aa polyurethane foam, a nonwoven fabric impregnated with

Y € >
1 hoRyuPkiRate; BRETERPAT Kilitdd fabridSdntithE 1iRE, 1hve Hitherftd BEER
a Y5841 the polisping cloth, if ésm%onnihdf%f dip %‘t%g glomerated %?r%ége
grains and polishing wastes cannot be charged if the polishing cloth has
=2 W air permeability. Thus, there has been known a technique in which air
permeability is enhanced by increasing the size of holes of a foam
structuie or void spaces between dibersn@orexample; Japanaseion
Unexamined Patent Publication (Kokai) No. 2001-198797). However,
pthefe wasnot hcongeptionface light reflectance of 80% or
more. Hereiln, high light reflectance means that the
gurface laver of the fiber structure 1s dense and
algo thin fibers does not form a bundle and ies opened
in a state clicser to monocdispersion. That is, when
the fiber structure is used as a polishing cloth,
since the structure has high light reflectance,
abrasive graine do not move to an internal laver 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 peolishing with excellent smoothness can be
conducted. When the light reflectance is less than
80%, since the degree of opening of the fiber is
ingufficient so as to hold the abrasive grains, the
light reflectance ig preferably 80% or more, and more
preferably 9%0% or more. The light reflectance of the
present invention ig a relative value assumed that
the light reflectance of a standard white board

defined in JIS PB152 (2005-Version) is 100% and there

is no theoretical upper limit and also the light
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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 surface is substantially
covered with fibers, even if agglomerated abrasive grains and polishing
wastes exist, an excessive load is dispersed because of high degree of
freedom of the movement of fibers, and thus the occurrence of scratches
can be suppressed unless large void spaces between the fibers exist.
It is more important that the fiber structure having low air permeability

r pérharkablyteduces it §patels betwearfigeis bEthesuffage faler and
allows void spaces to exist in a dense state, and thus lowering alir

S pEttfidabilfty of theStrfaté ffeF of theSiber Sfucturt™ Fherelsre >4 =«

a Pgimeability of the surface layer is preferably, 2 cefom/ses orless, The
permea@blhty of the surface f’ay%r as Used herein is measuredﬁgyt e

- fellowing.procedurg . « » Y¥hen thethickngssof the fiberstrkicturg gxceeds

0.3 mm, the thickness of the fiber structure is adjusted by slicing or
£ geading skeh as huffing endibe samplera agiuistedisoras teadjust dbae
thickness of the fiber structure at the surface layer side to 0.3 mm, and
uthemedvalue nMidgasusdtbaccordihg to-a miethot:(Fraziarmethody defined in
JIS L-1096 (1999- Version) is used. In this case, it is necessary to prevent
PHahage bt thelfiodt stticthifes Dpenihfof holee and existeriteof VK thih

ortion. When the .
aphigh 1Qght reflectance can be achieved by making

fFibers of a surface layer to be very fine and
allowing them to exit in a dense state. Hereln, the
light reflectance depends on the size of a specific
surface area o0of the fihers on the surface of the
fiber structure. That iz, as the specific surface
area increases, the reflectance becomes higher. In
the present invention, the surface laver is
substantially composed only of fibers and it is
necessary that fine fibers are allowed to exist
densely on the gurface layer as if the surface 1ayerl
igs covered with the fib&rs without clearance in crder
to adjust the light reflectance to 80% or more. In
order to allow to exit fiber densely as 1f the
surface laver is 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 nof exisgt, the form cannot be retained and
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thickness of the fiber structure is 0.3 mm or less, air permeability
measured without slicing or grinding is taken as air permeability of the
surface layer. As described hereinafter, when the fiber structure of the
present invention is integrated with another fiber structure, plate-shaped
body, film or the like, 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
EEdpddedist a-PlarbRAS pdlymersarh hading Bidiffere At SO,
w%em?virég&at least one kind of a mer amon% the g\luralit of polymers

ol
Bach n&vitl B ifteF&t sdfubllity 8f-the holyiner 2N6y fiber tHer&ty = < -
1 developing an wlteafine i bsg@@yé%q ] ﬂ@ﬁédi%g‘@ﬁ; %&%@%&’%% 9%,

give a fiber bundle consisting of the assembled u e fibers; and

pinieeting adigh-prassuie fid flow &t Ocl-to 20MPan, Jo the, fiber;stacture
containing the fiber bundle consisting of the assembled ultrafine fibers.
cEhe lermg 'polymet’i as used innthepresent inventiorerefersa#o ahe
thermoplastic polymer such as polyester, polyamide or polyolefin; a
ithepfiocirablens of fibers decreases, & distance between
the fibere decreases and, as a result, the iight
reflectance c¢an be increased. Since the distance
between the intersections of fibers can be decrsased
as the fibers are easily bent, it is important that
the fibers of the surface laver are made to be thin.
In addition, it can be achleved by bending the fibers
using a strong force. That is, fro example, the
light reflectance can be increased by a method of
decreasing phe diameter of the single fiber to 1 pum
or less or forcibly bending fibers at random by a
force of a nigh-pressure fluid flow to decrease a
distance between tangles. A method of injecting a
high-pressure fluid flow is8 a particularly preferably
method since 1t has the effects of substantially
thinning fibers by disperging 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 folléwing method. That is, it 1ls a
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polymer such as a phenol resin; and a biopolymer such as DNA. Among
these, a thermoplastic polymer is preferred in view of moldability. A
polycondensation polymer such as polyester or polyamide is more
preferably since it often has a high melting point. It is preferred that a
melting point of a polymer formed into an ultrafine fiber after removing at
least one of polymers each having a different 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

r PO PotyetRylEre eefephithdlatey(PET) hias altfeltify point 6fg255C, and

nylon 6 (N6) has a melting point of 220C. The polymer may contain
r&ddifies®Stich dsparfididS farecrtarlaat® aitk t%'fag%??/f}aﬁd?th%ﬁ&e?m

J1 polymer may,also be copalymerized with other components as long.
as properties of the polymer are notimpaired. In'the prégent invention.

-diffgrent selybiitysefers 1o, different selufility.in g cegainsplvent angd.he
solvent refers to water, an alkali solution, an acidic solution, an organic
psalvanina superekitigad fuid osthelikes As lengas-ar adverse indlyence is
not exerted on other characteristics, it is preferred in view of stability of
Lotepsthatd aldifferemeed. in sohubility isilarget sinke onlytpolymierhavisg -
high solubility can be selectively removed. Hereinafter, a polymer having
ArefdtRreRAHigh ¥bltibifity Ry Be F&feAEd t0lasa sBRIbRPPGIIRER fvhkfeas,
a pqlymer having relatively low solubility may be referred to as a slightly
uso%%b’le polymer.

The fiber structure of the present invention
preferably has air permeability of 2 cc/cm®/sec or
less.

As alr permeability as used herein, a wvalue
measured agccording to a method (FrazZier method)
defined in JIS L-1096 (19%99%-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, ailr
permeabllity does not theoretically become zero.
Howevery, according to the method defined in JIS L-
1096 (189%-Version), 1t may become a measuring limit
of the apparatus or zero. Therefore, in the present
Invention, it is difficult to specify the lower Iimit
of air permeability of the fiber structure and the
lower limit is substantially zero.

When the alr permeability is mesasured, the
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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 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 slightly soluble polymer is

employed as an island (domain) in the polymer alloy fiber as a precursor
 of fextafire fitfer AR AIOHRE iISIAE §iz8 Rdohad|Iéd Sinéé Bf Tsland
component is formed into_the ultrafine fiber by removing a sea component

s Bﬂh‘é%bﬁ"ﬁnérealf‘b@afiibeﬁ}?-?ergiﬂ,r%%cﬁzeo &f tﬁg?sflfrfciaigxdetc’e?ﬁnce_ v
i Sb%er¥@9&Q? er_.-sosi;-fsee]?p%q, gf %pg{)ﬁéyﬁ%%% |9¥ 3\%@51‘1@”9&1 seness

transmission electron microscope , followed by evaluation in terms
o of adiamatse Sincethe diameter ghthe ultrafige fipetpearly.dapends on
the size of the island in the precursor, distribution of the island size is
f fegigeed aecording ta dingneterdistributipn of thedultegfinedfiber ofither is,
present invention. Therefore, kneading of the polymer to be alloyed is very
w important and high-kreadingss preferably conduetel by atkheadimgpsive
extruder or a static kneader in the present invention. It is important to
Y H8d e POinER SRy Tibel BbtaiHedsfom tHe Polyrhe PII0YSn e srését
ainv}egté%nf nSa{ celthe é@‘:k“fes%}&fg ti%ejw ineallly ogtwamilncetdﬂulgaf&erfi%er
Becmeés tni orma‘B’y makihg a once a one(f'pdlymer,yfollowedlb
pfikarization, and.ajsq fgdepgrh of theultrafine finer is:limited, it:hegomes
possible to disperse easily and uniformly by the subsequent treatment of
c theshigh-peessuse: fluig dlows Thisicangotche-achjevedda thasfikef wbtained
by a method of combining a plurality of polymer flows composed of a
fsiagle kindnafravpotpmerfiatarspinnimpmaghing of a pinheret lanarmethade

of mixing tips composed of one kind of a polymer, followed by direct
asmﬁﬁma_and knirtted fabric, and the ilike, have

hitherto been used. In the polishing cloth, it is
considered that agglomerated abrasive grains and
poiishing wastes cannct be charged if the polishing
cloth hasg low air permeability. Thus, there has been
known a technigue in which air permeablility is
enhanced by increasing the size of holes cof a foam
structure or void spaces between fibers {(for example,
Japanese Unexamined Patent Publication {Kokail) No.
2001-198797 . Howeveyry, there wasg 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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Although a specific point during kneading depends on the polymer to be
used in combination, when a kneading extruder is used, a twin-screw
extrusion-kneaderpreferably used for kneading. When a static kneader is
used, the number of partitions is preferably set to 1,000,000 or more. It
is preferred that the size of the island is smaller since the finally obtained
fiber is thin, and a combination of polymers is also important 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 Eglymer are

S Pretérably ificompatie However Fdfffe with tibers, even if

agglomerated abrasive gralins and polishing wastes
exist, an excessive load is dispersed because of high
degree of freedom of the movement of fibers, and thus
the occurrence of scratches can be suppressed unless
large volid spaces between the fibers exist.

It is more important that the fiber structure
having_low air pexmeability remarkably reduces wvoid
spaces between Ifibers of the surface laver and allows
void spaces to exist in a dense state, and thus
lowering air permeability of the surface laver of the
fiber structure. Therefore, alir permeabllity of the
surface layer is preferably 2 cc/em’/esec 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
8.3 mm, the thickness of the fiber structure is
adjusted by slicing or grinding such as buffing and
the sample is adjusted so as to adjust*ﬁhe thickness
of the fiber structure at the surface laver side to
0.3 mm, and then a value measured according to a
method (Frazler method) defined in JIS L-1096 (1999-
Version) is used. In this case, it is necessary to
prevent damage of the fiber structure, opening of

holes and existence of very thin portion. When the
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combination of the incompatible polymers results in the difficulty in
sufficiently ultrafine dispersion of the island polymers. For this reason, it is
preferable to optimize compatibilities of the polymers to be combined, and
one of indicators to do the optimization is a solubility parameter (SP
value). Note that the SP value is a parameter reflecting cohesive force of
a material, which is defined as (evaporation energy/molar volume)112,
and if polymers having close SP values are used, a polymer alloy having
good compatibility may be obtained. The SP values of various polymers
CRafeBEST kAdwrt hddre fesériedan P PrasticDAta HE8k- ¢&o-&8itstt by

Asahi_Kesel AMIDAS Co., Ltd./Plastic editorial department, page 189 and
a%ﬁwe?%ﬁ&&s%‘?ﬁf%ﬁ#e#@ﬁ@esﬁh%eﬁvglﬁélb%ﬁﬁee%%%%*ﬁb‘iyrﬁ rsi$ e+ 9

i %a%k‘?é A 10 (miM3)1/g ath raunding.of {%%‘S@@Q&OS%&@ gye fo

ecoming incompatible and an ultrafine dispersion are easily established,
awhichds preferable.Fariexampls, the differance in SPMalua-betwegn 446 ¢

and PET is approximately 6 (MJ/m3)"2, which is a favorable example;
thewpversithe Lase ot N6 and Polyethkylene:(@E) wtherdifferencesth SP

value therebetween is approximately 11 (MJ/m))1", which is one of
fiber structure, plate-ghaped body, film or the like,
air permeability is measured after peeling or
grinding the integrated another £iber structure,
prlate-shaped body, film or the like.

The method for production of a fiber structure of
the present invention includes forming a fiber
structure containing & polyvmer alloy fiber composed
c¢f a plurality of polymers each having a different
scilubility; removing at least one kind of a polymer
among the plurality of polymers each having a
different solubility of the polvmer alloy fiber,
thereby developing an ultrafine fiber having a fiberx
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 0.1 to 20 MPa
inte 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 as

polyester, polyamide or polyolefin; a thermocurable
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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
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
p%%ﬁﬁaﬁngqbamt,%dathgr%?&a]gﬁs%ﬁed‘w'sitraﬁ%erﬁp&ﬁaﬁ%%vm% such
softening temperatyre, or thermal.deformation . temperature is substituted
2 SorhiE el Baint T Firher e Eogb o BIde pCrnt 2nd

o Seing amelf yiscosity of @ palymenqantaiping andsland par do be dqwer
than that of a polymer containing a sea part facilitates the deformation of

p dhesislandqpolmerdyestosheaefores; resulting:in dacilitatinghare ultrafine
dispersion of the island polymer, which is preferable in terms of

p Pedoessingpoyimers into nahofisers.adowever asettirgl thendscositynof-the
island polymer to be too low causes the change of the polymer into a sea

I state taPBe fNtsed WWRereby Adléndftis fo the Wholé fiBers'éafmhot be

increased, and therefore it f%siprefefa le to s%t t:the viscosity,of the island

= PblyRter 16b8 171b Srmbie-dftRator e séa poiymer Y Atlefding ratio
1 QL te igland polymer i, mponant ffom.the yiewpoint oEincteasing a basis

weight of the fiber structure. For example, when the blending ratio of the

sdsjandsRolymetis 10% by weight.the basisweight of the-fiber structine is
reduced to about 1/10 of the initial basis weight if the entire remaining
s 90%=by-weight afrth € Sea pbHiyeer i$:remeved; thediber strudterstbecomes

a loose structure and
resistance. For example, polylactic acid (PLA} has a
melting point of 170°C, polvethviene terephthalate
(PET has a melting point of 255°C, and nylon & {(NG)
has a m@lting_peint of 220°C. The polymer may contain
additives such as particles, flame retardant,
antistatic agent and the like, The polvmer may also
be copolymerized with other components as long as
properties of the polymer are not impaired.

In the present invention, different solubility
refers to different solubility in a certain sclvent,
and the scolvent refers to water, an alkall soiution,'
an acidic solution, an organic solvent, a
supercritical f£luid or the like. As long as an

adverse Influence 13 not exerted on octher

characteristics, it is preferred in view of stability
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thus dimensional stability drastically deteriorates. In order to improve
dimensional stability of the fiber structure, the blending ratio of the island
polymer is preferably 20% by weight or more, and more preferably 40% by
weight or more, based on the entire polymer alloy fiber. Since it becomes
difficult to form into an island when the blending ratio of the island polymer
increases, the blending ratio of the island polymer is preferably set to 60%
by weight or less, although it depends on melt viscosity balance with the
sea polymer. In the polymer alloy, since the island polymer is

© fncohfpatiblelsith theSSealpolyiier thetisaRd pBlyiets afes larger
thermodynamically stable by mutually ﬁgglomeraﬂn the island polymers.

ly“di

® HoWevar: tHe &t pdlyiher® forkibly disper8d tiftrafinély, &iftfthtis
s nere 95:%%1%} of ygry,unstablg polyme %’%t%rxf-_a}ceg compared- with 2, 1,

polymer end having a conventional dispersion diameter in this polymer
r 8oy Fhekefore; wihep dhe Bolymey aliQy,isisimply. spuR. hecause, gf 3 lot
of very unstable polymer interfaces, there arises a "Barus phenomenon” in
s whighitbe pobyymer flowdargedsswells immegdiately adtet digchargmngthe 1y
polymer through the spinneret, and poor spinnability due to the
1 grstabilizéd polymeralfoysurfacéarised, resultng in extesdive thick and

thin evenness of the yarn and impossible spinning.
soluble polymer.

Next, the polymer alloy fiber in the present
invention will be described. In the producktion
method of the present invention, two or more kinds of
polymers each having a different sclubility are
alloyed to give a polymer alioy melt, followed by
gpinning and further fiberization through
solidification by cooling. 1f necegsary, drawing and
a heat treatment are conducted to obtalin a poclymer
alloy fiber.

It is important that a soluble polymer is
emploved as a sea {matrix) and a slightly soluble
polymer is employved as an island {(domain) in the
polymer alloy fiber asgs a precursocr of the ultrafine
fiber and alsc the island gize 18 controlled since an
island component is formed Iinto the ultrafine f{iber
by removing a sea component of the polymer alloy
fibher. Herein, the size of the island is determined

by observing the cross-section of the polymer alloy
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In order to avoid these problems, a shear stress between a spinneret hole
wall and a polymer upon discharge through the spinneret is preferably
lowered. Herein, a shear stress between a spinneret hole wall and a
polymer is calculated from the Hagen-Poiseuille formula (shear stress
(dyne/cm2) = R x P/2L), wherein R is a radius of the spinneret discharge
hole (cm), P is pressure loss at the spinneret discharge hole (dyne/cm?2),
L is a length of the spinneret discharge hole (cm), and P = (8LiQ/mR4),
wherein r) is polymer viscosity (poise), Q is a discharge amount (cle/sec),
£ idvept 18 B UTar EHASERE LdYPR/CRIZ G C B SUMfitS SR Beddmes -

. 0.1 Pain an Sl unit s¥stem.n iFort%xaHr;réple,gn }}hed%oanr}‘/ggtéq:nal Sine
SIRESIRNIRY of Ahblester "a Shear stress Between a spinnerét holé wall

tﬁ%d&%%&@s&iSoJfME&Ofm@a@qqlié preferably sette 0.3MPa gf dess,

en a polymer alloy in the present invention is melt-spun. For this

£ gason, the;spinneret Rale diameter-teads tabeiingiaased andtheution
spinneret hole length tends to be decreased. When such an action is

o exeassiviedy: eentlustede meastrabilitynefithe polymil a¢ a spindérat hioker
deteriorates and thus unevenness qf finengss and deterioration of
& spinnabitityisoeur Thebeforel itig pretferrdd-totised: spifirferefra/Aity-

invention. fTherefore, kneading of the poliymer to be
alloyed is very important and high kneading is
preferably conducted by a kneading extruder or a
static kneader in the present invention.

Tt is important to use the polilymer alloy fiber
obtained from the polvmer alloy in the present
invention, Since the thickness of the L[inally
nbtained ultrafine fiber becomes uniform by making a
once alloyved polymer, followed by fiberization, and
alsoc the length of the ultrafine fiber is limited, it
beéomes possible to disperse easily and uniformly by
the subseguent treatment of the high-pressure fluid
flow. Thls cannot be achieved in the fiber obtained
by a method of combining a plurality of polymer flows
composaed of a single kind of a polymer in a spinning
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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a polymer measuring portion at the upper portion of a discharge hole.
Specifically, the polymer measuring portion is preferably a site in which a
hole diameter is smaller than that of the discharge hole. In view of
sufficiently ensuring spinnability and spinning stability in melt-spinning, a
spinneret face temperature is preferably set in a range of from a melting
point of a sea polymer to 25C or higher. As 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
OYarrig akoliffporant AStlesened dboveriherpolmer-allél) &ta Yery
unstable molten fluid and is therefore preferably solidified by cooling

*imaditely 2rérdSchatding #iugh a Shinheft “eréfdfe BdiS@nce
x{rom4he spinneret fo H&%%‘i,gi%'!;! %%Eoff%%".' ng Is preferably, setin a range

from 2 to 15 cm. Herein, thé term "beginning of cooﬁngg" means the

s Pasition whetesRasitive Gooling otihe yarmisdnitiatedand is replaged by a
chimney upper end portion in an actual melt-spinning apparatus. A

p spihaingispeed és-natparticutarlydmmitesl butds preferably a high speed in
view of increasing a draft in the spinning process. A spinning draft of 100
or mére i§ a prefefabte aspech mtviéw of gdéareasifig tesobtaihed diltiafine

fiber diameter. )
smaller slnce the finally obtained fiber is thin, and

a combination of polymers is also important

In order to bring a.shape of a cross-section of
an ultrafine fibery into & ¢ircle shape as close as
possible, the island polymer and the sea polymer are
preferably incompatible. However, a simple
combination ¢f the incompaiible polymers results in
the difficulty in sufficiently ultrafine dispersion
of the island polyvmers. For this reason, 1t is
preferable to optimize compatibilities of the
polyvmers to be combined, and one of indicators to do
the optimization is a solubility parameter (SP value).
Note that the SP value 1s a parameter reflecting
cohesive force of a material, which is defined as

(evaporation energy/molar volume)/?

. and 1f polymers
having close 8P values are used, a polymer alloy
having good compatibility mav be obtained. The 8P

values of various polvmers have been known, and are

described in “Plastic Data Book” {(co-edited by Asahi
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The spun polymer alloy fiber is preferably subjected to drawing and a heat
treatment, and yarn unevenness can be decreased by setting a
preheating temperature upon drawing to a temperature of a glass
transition temperature (Ty) 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
Kp6lginebaith& spun yarhtd covdringtyarn and adaid wideyeen tnent,
composed of short fibers according to the purposes. Next, a fiber
P e Getd&lineliding the poRmer Shoy fiddr i€ forrhéed ePfe fiSer strutfire is
A9t par iCLLI%réyeI}ilmié%doandoﬁxamrgpzlgs Ehsergg iréclgﬂdena woven éab{ié}:, 3
knittéd fa ric, a fonwoven fabric and a composité ?he?eof, and a
(ﬁ%’?ﬂ(’)?“t_e“{v'tgMeﬁﬁ%’é@ﬁ%f'Q%rsﬁﬁléChjﬁl_%wg‘ dha polyyiethane
foam resin. Typical examples of the knitted fabric include, but are not
vhmied toy aisatindideot kpit fabrie asib knitfalrc, a-hafitigatkanitfabric:
a pile knit fabric, a plain knit fabric, an interlock knit fabric and the like.
efypital exatplesictithaiwowenifabric mchkide, ut @ not limited teaemplie,
plain weave fabric, a twill woven fabric and a satin woven fabric of a
Lsifgé: déEBIe ™fipleict niditiplé Steicthfe: afié a dbubfe velvet voven

fabric, a single_ pile/plural pile, double velvet waoven fabric, an interlock
a@@%@m&/&e%efﬁgrig a{éﬁr{éﬁiﬂaﬁke Wi fabiic End thEARP The

e%}%%\%qveen fabie %l%rlrt?e produged by emplgying:a Q}?éh%i{‘y%a'ﬁ@i@%

iber made of a polymer alloy is formed and then a nonwoven fabric’is

(etainediy care ok papasdnaking or a mathodqin svhigh-a pepwoven fabric
is directly formed from a polymer alloy using a melt-blow method or a

agpupbomcimethodl 1 (fingeessary, awesinior aschemical tan be applied
to the fiber structure and the surface can be processed by gigging or

upresE carftbdiSo fiBémehA be cut by needle punching and fibers can be
tangled by a hjgh-pressure fluid flow. It is also possible to produce a

composE fromier Stradtires 1 heddid pdhhing oF PRigR-présbreen

p@ﬂ%%@@gugggg%agﬁg¥ylawarﬁ 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 tenperatures should
be suppressed low, which has also an advantage. Note
that an amorphous polymer has no melting point, and

therefore glasgs transition temperature, Vicat

scoftening temperature, or thermal deformation
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According to the present invention, a fiber bundle containing assembled
ultrafine fibers is obtained by eluting a readily soluble polymer as a sea
polymer from the thus obtained fiber structure including polymer alloy
fibers.Herein, the larger the number of ultrafine fibers obtained by eluting
the sea polymer from the polymer alloy fiber, the 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 environmental
tbumelen ait iscpreferreditd use tas-a $olvent fohdissaving mareadilyngoluble
polymer from the polymer alloy fiber, an aqueous solution-based solvent.
Specffi¢aliy: ftis pfetdrred forgsesd hgutidl téalkali Af@eolisgdiution™ the
neutral to alkali agueous solution as used herein is an aqueous solution

SRaving 3 p BFe fo T4 A& § chEmidal fo BEJS&RFE not BaftictiaRy 22
s Iiled Fox example, the afiemicalmay b an aguequs sojyfion,containing
[ [ Ibits t '

organic or inorganic salts, which ex e pH in the ‘above range, and

«8¥aaRles phthe chemical include alkalimetal salissugbas.sediven ot
hydroxide, potassium hydroxide, lithium hydroxide, sodium carbonate and
tsediumhydiogenicarkonate;antdalkaliner force, resulting in
facilltating an ultrafine dispersion of the island
polymer, which is preferable in terms of processing
polymers intc nanoflbers. However, selbting the
viscosity of the lgland 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 viscoslty of the island polymer
to be 1/10 or more of that of the sea polymer.

A blending ratio of the izland polymer is
important from the viewpoint of increasing a basis
weight 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 welight 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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earth metal salts such as calcium hydroxide and magnesium hydroxide. If
necessary, amines such as triethanolamine, diethanolamine and
monoethanolamine, reduction accelerators, carriers, and the like can also
be used in combination. Among these, sodium hydroxide is preferable in
view of cost and ease of handling. Furthermore, it is preferred that the
sheet is subjected to a treatment with the above neutral to alkali aqueous
solution and optionally neutralized or washed to remove the remained
chemical or decomposing products, followed by drying. Therefore, as
£ }ke reatilly $6ltbleSpolyiiér, Aakah-fyarolyzel bolyiiers SGch &< pBester;

and hot water-soluble polymers such as palyalkylene glycol, polyvinyl
P SIORGT i dBrVALVES thetect & iged By S0cH » BrotLL

Yedt hfe ?}efgr%’b@/ used’ By such'a producﬁé”ne

o Meshod, there can he obtaingd a flber hundle i, which ulyafipg Jibers, ; o

having a fiber length of several tens of micron meter, sometimes
p&eptimetes-oidar arggssembledsce it becomes difficult to
form inteo an island when the blending ratioc of the
island polymer ilncreases, the blending ratic of the
island polymer is preferakbly set to 60% by welght or
less, although it depen&é on melit viscosity balance
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. Howeveyr, the
island polymer tls forcibly dispersed ultrafinely, and
thus there are & lot of very unstable polymer
interfaces compared with a polymer blend having a
conventional dispersion diameter in this polymer
alloy. Therefore, when the polyvmer alloy is simply
spun, because of a lot of very unstable polvmer
interfaces, there arises & “Barus phenomenon” in
which the polyvmer flow largely swellsg immediately
after discharging the polymer through the spinneret,
and poor spinnability due to the unstablilized polymér
allioy surface arises, resulting in excessive thick

and thin evenness of the varn and impeosgsible spinning.
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In the present invention, it is necessary that the diameter of the ultrafine
fiber is 1 um or less, and is preferably from 10 nm to 1 um. When the fiber
diameter is less than 10 nm, tenacity and abrasion resistance become
insufficient because of too low fiber tenacity, and thus it is impossible to
use as a polishing cloth, a wiper or the likeln contrast, when the fiber
diameter exceeds 1 um, flexibility and high surface area as features of the
ultrafine fiber cannot be obtained and the dispersion effects of the fiber
due to a high-pressure fluid flow are insufficient, and thus the object of the
Ipresefitinvémtion’carhot B& aehigveth 1 ems . a2 shear stress

between a spinneret hole wall and a polymer upon
discharge through the spinneret 1is preferably lowsred.
Herein, a shear stress between a spinneret hole wall
and a polymer ieg calculated from the Hagen-Polseuille
formula {shear stress {(dyne/cm’) = R x P/2L). wherein
R is a radius of the spinneret discharge hole {cm), P
ig pressure loss at the spinneret dischearge hole
(dyne/cmz), L is a length of the spinneret discharge
hole (cm), and B = {8LMQO/7R4), wherein v is polymer
viscogity (poise), O is a discharge amount (cm’/sec),.
and ® i1s a circular constant. 1 dyne/cm’ of a CGS
unit system becomes .1 Pa in an SI unit system.

For example, in the.conventional melt-spinning of
a polvester, a shear stress between a spinneret hole
wall and a polvmer 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 bhe
increased and the spinneret hole length tends to be
decreased. When such an action is excessgively
conducted, measurability of the polymexr at a
spinneret hole deteriorates and thus unevenness o©f
fineness and deterioration of spilinnabllity occur.

Therefore, it is preferred to use a spinneret having
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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 ultrafine fiber is determined by the
afallowinggroceduse.:Using aEM photegraphof @fiber crosssectorg ana
ultrafine fiber cross-sectional area is determined by image processing
AdSiENarE AhditRérfa singte fibdridiameéter istdetemiined 88sUMIAG tHat e
uItraflne fiber has a _circular cross-section, The production method of

P prédent invBhEST fetlics Tnjcting alﬂlgwlbf’géu?e N4 FloW iRB B S F
lgbe&%rygtg{?e Ml%% ul(grg flgg J|b§£ b qézlaler gTehehe@ressmn

"Injecting a high-pressure fluid flow" as used herein means collision of a

liquid under @, MPa or more againstthe fiberstructyg; Which aiMs at ang
monodispersing and opening of the ultrafine fiber. The liquid used in such
s @ treatment is: preferably wateria vieve pfiapetahility scash, icollisiontenesgye
quantity and efficiency. The liquid also include an aqueous solution, a
t@ispersionant drsemuionprepared Y miRing waeowittp fthéror a
components, for example, an organic solvent, an alkali, an acid, a dye, a
mRkint AUttt aos%ﬂ%nﬁ@aad%ﬂﬁéﬂi%éné UrdhaReBRAAG TRE A 28

pressur of th h| h- pre sure id is set in e fram CLI. to 20 MPa,
G-1an(§: pre%erabla ro%n 1to Iglzll ﬁ% pres@glubr’e%gnloﬁ/eﬁ]e Ispersion

pefleats.of the yggﬂfwsé@ewe@% Sg&ﬂgge@h {n eonteast. uhentheg o p

pressure is too high, dropping-off of the ultrafine fiber occurs during the
dseatmentand thedines siiyctygeiisbeaken, whichhg setpietereda The

term "pressure of the fluid flow" as used herein refers to a pressure of the
cfind insitlece ndzztd. Jedianteter of dheindzzlexfos njecting atkighi-presssire
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 set in a
range from 1 to 15 cm. Herein, the term “beginning
of cooling” means the position where positive cooling
of the yarn is initiated, and is replaced by a
chimney upper end portion in an actual melt-spinning
apparatus.

A gpinning speed is not particularly limited, but
is preferably a high speed in view of increasing a

draft in the spinning process. A sBpinning draft of
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fluid is from about 50 to 700 idim, and preferably from about 100 to 500
jnn, and a distance between nozzles is preferably 1 mm or less. The
injection time and number can be optionally selected. When the treatment
is conducted a plurality of times, the 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 quality of the surface, a method of relatively transferring a
nozzle head and a nonwoven fabric or a method of conducting a water
L§pragingitimatment by inserfing alwire gauredrito spaté batweén
nonwoven fabric and a nozzle after interlacing can be used. In such a
dfeathfent €is preferBE Wdt Fhigh-préssuestiuid BEW isafifsmBy -
inject%g on the surfacle of the‘fibEr stru ttge. Specifically, a cquer factor
obtainétf b;? Hﬁ%iﬁgoaﬁ Bfea SN Surfddedt the fil?erresl;'r%%taure,yon which

Sgé\%@g low is applied, byJhe eptice syrface atea of fhe fber stricgure is

rably 80% or more. The cover factor can be increased by fluctuating
ud-nazzlehead-atdightangles ia Bnning ditection of @ sheetnauangipgg a

nozzle on a staggered form or treating a plurality of times using a nozzle
tlhavirg a diffesentpattent: aihercoverfastor eap be calculated; fer giass
example, by the following methods.
transition temperature (Tg) or higher of the island
polvmer.

The form of the polvmer 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 polvmer, and a spun yarn, a covering varn
and a hard twist varn composed of short fibers
according to the purposes.

Next, a [iber structure including the polymer
alloy fiber is formed., The fiber gtructure is not
particularly limited and examples theréof inciude 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 polyurethanes foam

regin, Typical examples of the knitted fabric

include, bhut are neot limited teo, a satin tricot knit



(1) In case of using a nozzle having each inline array of circular holes in a
fixed state The cover factor can be determined by the following
equation 1: (Equation 1) 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

fabric, a rib knit fabric, a half tricot knit fabric,
a pilie knit fabric, a plain knit fabric, an interlosk
knit fabric and the like. Typical examples of the
woven fabric include, but are not limited to, a plain
weave fabric, a twill woven fabric and a satin wéven
fFabric of a single, double, triple or multiple
structure; and a double velvet woven fabric, a single
pite/plural pile double velvet woven fabric, an
interlock velvet woven fabric, a chinchilla-liike
woven fabric and the l1ike. The nonwoven fabric can
be produced by employving a method in which short
Fiber made of a polvmer alloy is formed and then a
nonwoven fabric is obtained by card or paper making
or a method in which a nonwoven fabric is directiy
formed from a polymer alloyv using a melt-blow method
or a spun-bond method.

If necessary, a yresin or a chemical can be
applied to the fibeg structure and the surface can be
proceséed by gigging or press, and also fibers can be
cut by needle punching and fibers can be tangled by a
high-pressure fiuid flow. It is also possible to
produce a composite from fiber structures by needle
punching or a high-pressure fluld without using a
binder.

According to the pregent invention, a fiber
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The cover factor can be determined by the following equation 2: [Equation
2] R1 xx100(%) P cos 0 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

bundle containing assembled ultyrafine fiberszs isg
obtained by eluting a readily soluble polymer as a
sea polymer from the thusg obtained fiber structure
including polvmer alloy fibers. Herein, the larger
the number of ultrafine fibers obtained by eluting
the sea polyvmer from the polymer alloy fiber, the
better the degree of mixing the polymer in the
polymer alloy fiber, and the shorter the length of
the uvltraline fiber. Therefore, the fiber after
treating with a high-pressure £luid flow Lg excellent
in disgpersibility. In view of reducing environmeﬁtal
burden, it is preferred to use, as a solvent for
dissolving a readily soluble polyvmer from the polymer
alloy fibexr, an agueocus sclution-based sclvent.
Specifically, it is preferred to use a neutral Lo
alkéli agueous solution., The neutral to alkalil
agueous solution as used herein is an agqueous
gsolution having a pH of 6 to 14 and a chemical to be
used is not particularly limited. For example, the
chemical may be an agueous solution containing
organig or ilnorgasnic salts, which exhibits the pH in
the above range, and examples of the chemical include
alkali metal salts such as sodium hydroxide,
potassium hydroxide, lithium hvdroxide, sodium

carbonate and sodium hvdrogen carbonate; and alkaline
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flow from a circular hole to a running direction of a sheet. The above
formula can be determined from the following equation 3: [Equation 3]
41:C2 x100(70)

earth metal salts such ag calcium hyvdroxide and
magnesium hyvdroxide. ITf necessary, amineg such as
triethanolamine, diethanolamine and moncoethanclamine,
reduction accelerators, carriers, and the like can
also be used in combinaticn. Among these, sodium
hydroxide i1g preferable in view of cost and ease of
handling. Furthermore, it is preferred that the
sheet is subjected to a treatment with the above
neutral to alkall agueocus soluticn and optionally
neuvtralized or washed tCo remove the remained chemical
or decomposing products, followed by drving.

Therefore, as the readily soluble polymer,
aikali-hydrolyzed peolyvmers such as polyester; and hot
water-soluble polymers such as polyalkylene glycol,
polyvvinvl alcohol and derivatives tLhereof are
preferably used.

By such a production method, there can be
obtained a [iber bundle in which ultrafine fibers
having a fiber lengih of several tensgs of micron meter,
sometimes centimeter-order are assembled.

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

registance become insufficient because of too low
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-Px Ail+ S2 wherein L (mm) denotes a width of fluctuation, S (mm/sec)
denotes a running speed of a sheet and C (Hz) denotes a frequency 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
£détermined segardingzeath @rray as onédreatmentandithe sumwefdhe s a
obtained cover factors is taken as a cover factor of the entire treatment.
PAS affuicrentperdtire 6f &highpressure fluid &y -temigerataretinasrange
from a normal temperature to 100C can be applied. It is preferred that the

it striétufe RconfinGotRhEFe&tEE B§ Pracing G a BT With 't Bsi =S
h‘g%%lgg%ef gr.an gpening and running using.a cpnveying system sych as
cannot be obtained and the dispersion effects of the
fiber due to a high-pressure fiuid flow are
insufficlent, and thus the object of the present
inventicn 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 congtituting the fiber bundle is 60%
or more is preferred since the fiber diameter has
high uniformity and thin fibers do not ccexist and
thus a surface having high smoothregs containing
fibers dispersed highly can be obtained after
treating with a high-pressure fluid flow treatment.

In the present ianvention, the diameter of the
ultrafine fiber is8 determined by the following
procedure. Using & TEM photograph of a fiber cross-
gection, an ultrafine fiber cross-sectional area is
determined by image processing software and then a
single fiber diameter is determined assuming'tﬁat the

nltrafine fiber has a circular cross-gsection.
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conveyor. The nozzle can also be fluctuated in a length or width direction
of a knitted and woven fabric, and not only one surface but also both
surfaces can be treated. The technique described in Japanese
Unexamined Patent Publication (Kokai) No. 60-39439 aims at 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
distributimgithe glirafihe diberstérsthestirfanes ofa fiberrstrutture, ranidothe
fiber bundle containing the ultrafine fibers is substantially cut. Thus, the

i presefrtEfverttion s basicallyidiffidreRETeora Wicalidveitdcirique ide &
idea. According to the method of the present invention, a fiber structure

*h&\idg & Stitce ESverBE witfl Uitfar@ fibeF e fiftPstate8 bolifelt © -

hen_the fiber.structure is used as a pplishing cloth, smoothness, of »
A o e 6 o bAtbtis BF SN s e

a@nd, unifpraidy of thesirface Since; a substantial syrface;areq ohthe fibers
increases, wiping properties are remarkably improved when the fiber
vMstEuGhred® usedhas aniping ot iber structure, 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 digpersion and an emulsion
prepared by mixing water with other components, for
examnple, an organic solvent, an aikali, an acid, a
dye, a resin, a lubricant, a softening agent,
silicone, urethane and the like. A pressure of the
high-pressure £luid ig 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
ultrafine fiber are not sufficient. In contrastc,
when the pressure is too high, Jdropping-off of the
nltrafine fiber occurs during the treatment and the
fiber structure is broken, which i1s not preferred.
The term “pressure of the f£luid flow” as used herein

refers Lo a pressure o0f the fluid inside a nozzle. &

diameter of the nozzle for injecting a high-pressure
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Japanese Unexamined Patent Publication (Kokai) No. 2005-23435 and
the present invention are identical in that ultrafine fibers constituting the
fabric are treated with a high-pressure water flow. However, as is
apparent from the production method, the ultrafine fiber of the technique is
a continuous yarn and the 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

£ andd form Of afibebstuictdre dtainéd byma treatrdents € £ ¢ Fakthernioren
Japanese Unexamined Patent Publication (Kokai) No. 2004-256983

aRistloses an'ERtifictdl ledthertfrnéd fom R R&TOPEFYSHMBNY 4fid €

; describes that,a high-pressure water floyy treaiment. may be copducied,
However, stch 4 high-pressure ‘water flow freatment aims at tangling

ndiRels.constituting a fibet,stuuctyre thareby insreasing.tenagity of the fiber
structure, and orienting the fibers in the thickness-wise direction of the

v fibarsteucture therehy inpprexing texturesandwals@ an tanghing treatment is
conducted prior to removal of one component of a polymer alloy fiber

r therelbyrexhibiting ukrafine fiberst Thus; thexteehnigae of tespublication
and that of the present invention are quite different in an idea and effects.

L 494 BRE Bfpreferred aspects of the present invention to conduct a heat
treatment at a temperature, of 100fC orhhig%e,r aﬁtgr inéection of ngle L3
high-pfesRare ilid fidw “Ré§drdihg theé fiberstruchire dbtiined by the

£ PISsent ipvention,. a fiper hundle. coptaining.agglomeratedsultrafine fgrs ;.
Is monodispersed by kinetic energy of a fluid, sometimes by swelling

a effects.cand-thys shape retention-ofdhe fiberstruetne detesiorates. Jhe
monodispersed ultrafine fibers can not be used sometimes according to

tthe applications suchasladiper usedin@ ctedrny roonz sin€e droppingroff
of the monodispersed ultrafine fibers is likely to occur. In that case,

nozzle head and a nonwoven fabric or a method of
conducting a water sprayving 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 ig uniformly injected con the surface of the
Fiber structure. Specifically, & cover factor
obtained by dividing an area of the surface of the
fiber structure, on which a water flow is applied, by
the entire surface area of the fiber structure 1s
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 Torm oy treating a plurality of
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it is 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 100C or higher, preferably 120C or higher, and still more preferably
130C or higher. When the polymer constituting the fiber is melted,
flexibility as a feature of ultrafine fibers deteriorates and scratches are
made when the fiber structure is used as a polishing cloth or a wiping
cloth. Therefore, it is preferred to treat at a melting point or lower of the

© poRAnEE samd preferably Beteiperatirewhith ae®etthan tie Rieltingt he
point by 10C or more. Such a heat treatment method is not particularly

“HAREd AR CBR beppPSpriately SERERY fron? metRotaex@mphitied & &

‘ bglﬁngﬁgr eé%rgpllgﬁtshere can he employed a method of exposing to
?ug -ter'np%rature air, a'method of irradiating with infrared rays, a method

( ©F exposing.to high-tempgrature steam, and 8Methed ch iniine
array of circular holes in a fixed state

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

[Bguation 11

%x 100(%)

wherein R denotes a diameter of a circular hole and P
denote a pitch {(center distance) of a circular hole,
(2) In case of uweing a nozzle having each inline
array of circular heles in a fluctuated state

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

[Egquation 2]

R 1

X

x100(%)

COs

whereln R denotes a diameter of a circular hole, P

dencte a pitch (center distance) of a circular hole

angd 08 despnotes 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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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 the like. Since a fiber structure containing a
plurality of layers is 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 layers" as used herein includes that the
above surface layer and one or more layers containing fibers are included

fint thevfibes straetarel By idcluding the plurality of layers, while having a
feature of the surface layer in which ultrafine fibers are monodispersed,

[ EAaratietisticd such as tenacity, elasticity, compression characteristics
and wa eppermeablllty of the entire fiber structure can be adjusted in a
deﬁredt] andd.'Specif c@P ushioning properties can be imparted by
pray rgg Tb“éﬁaifé E; above surface layer with a nonwoven fabric

layer c ntalnlng thicker fibers. By combining with a woven fabric, tenacity

wisdpreved ang:thug derastabilitywcandie inpraved: when tha.surface
layer contacted with a substrate is selectively allowed to maintain moisture

{y ferening dsurfaee layerusing adydrophilic polyses land formidg @
lower layer using a hydrophobic polymer, efficiency of polishing or

{Bleanihg cantte itnpfé\Rsdl: e CFhed pol§rief Eorstitudifg the fibers included

in the surface la er and other Iag/ers is not
{3} In case conducting a treatment a plurality of

times

When a treatment is conducted & 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 arravys, 3
arrays and the like in one nozzle, a cover factor is
determined regarding each array as one treatment and
the sum of the chtained cover facitors is taken as a
cover factor of the entire treatment.

Ag a fluid temperature of a high-pregsure £luid,
any temperature in a range from a normal temperature
to 100°C can be applied‘ It is preferred that the
fiber structure 1is continuecously 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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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
polished or abrasive grains to be usedin view of abrasion resistance,
retentiveness and dispersibility of abrasive grains, and surface
smoothness, the polymer constituting the fiber is preferably polyamide.

¢ Exaniples. of the polyantideinehite pbRfmérs having anadhiide bBnd, such
as nylon 6, nylon 66, nylon 610, and nylon 12. On the other hand, When a
1 epgsthate matéAdits Rares theptlymér Confstittting thePfiier & gieterably

olyester. As a polishing cloth for texturing a recordi dislég rﬁposed of
f%bg aj‘scs’su%%iiraf%?%ig%ngr%d?n%efoksc%r%?gc?uir%a%ora?dl%é%tly g%nding glass.

s dPe polyester.is pat particularly limited as long as it is a polymer
synthesized from dicarboxylic acid or an ester-forming derivative and diol

or amester-iorningdesivatie-thereof and can ba tsed asthediberned
Specific examples thereof include polyethylene terephthalate,

7 polytrimethylene 4erephthdfate; polytétraméthyléfd tetephithalate’
polycyclohexylenedimethylene terephthalate,
tpBlythyRenelz 6 naphthalehe thcarboiiag ed in & woven fabric
- PVeinylene-L.2-Dis(Z chiorophepppetiane ddot preferrea cthac
a pressure of a fluld 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
fiver structure, and the fiberx bundlé containing the
nltrafine fibers is substantially cut. Thus, the
oresent invention is basically different from the
above iechnigue 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
ig obtained. When the fiber structure is used as a
pelishing cloth, smoothness of a substrate aftex
polishing is improved because of excellent smoothnesé
and uniformity of the surface. Since a substantial

gurface area of the fibers increases, wiping

properties are remarkably improved when the fZiber
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dicarboxylate and the like.In the present invention, a polyethylene
terephthalate or a polyester copolymer containing mainly an ethylene
terephthalate unit, which is used most usually, is preferably used. The
method of laminating a plurality of fiber structures is not particularly limited
and methods exemplified below can be employed. For example, a method
in which fiber structures are integrated by tangling of fibers by needle
punching or a high- pressure fluid flow in a state where a plurality of fiber
structures are laminated can be employed . Such a method is preferred

s &inee itdoes hot regpiite dve asevdfcd bimdefariththerefore air permeability,

liquid permeability and flexibility of the fiber structure do not deteriorate.
WheF BAEHE etRG R R0yt Seé itisadsiredtharfiefekai) No.

2005-2343% and the present inventlon are identical in
that ultrafine fibers consgtituting the fabric are
treated with a2 high-pressure water flow. However, as
is apparent from the production method, the ultrafine
fiber of the technigue ig a continuous varn and the
technigue aims at properly increasing a fiber space.
In contrast, the present invention aims at
monodlispersing ultraiine fibers thereby uniformly
distyributing 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
s{ructure obtained by a freatment.

Purthermore, 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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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 short fiber nonwoven fabric, a long fiber woven and knitted
fabric using a composite yarn in which a difference in yarn 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
adhesive is not particularly limited and general acrylic-based,
polyurethane-based, polyamide-based, polyester-based and vinyl-based
onghasivesccanbe wded: Ipthey applicaticr of théadhesive einethod of
applying an adhesive using a gravure roll, a method of applying using a
&%

b dfethod bt fakfiRating®Shedts contdifing difadiesieigue of

L mPloved and fber strucures can be itegrated by aporopriately applying,
presBure or heat. ™ IA'the production méthod’of the presentinvention a

oRQlYmegs elasiamer such as urgthang mayche.appligd as long as the

effects of the obtained fiber structure are not impaired. As the polymeric

elastarper forsxampte, ghereLande usedyatqus polymerie elastamers,
which enable the objective texture, physical properties and quality, after

iappropriate setectiomdnd examples thereekinglade patyueethane, acryl,
styrene-butadiene and the like. Among these, polyurethane is preferably
tgsaeinaiaw of faXiBiity” The metiat for peotiuginginiection of the

high-pressure fluild flow. Regarding the fiberx
structure obtained by the present Llnvention, a fiber
bundle containing agglomerated ultrafine fibers is
monodispersed by kinetic energy of a2 f£fluid, sometimes
by sweliing 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
nltrafine fibers is likely to occcur. In that case,
it 1s possible to improve shape retention of the
fiber structure and te 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, preferabiy 120° 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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polyurethane is not particularly limited and can be produced by
appropriately reacting polymerpolyol, diisocyanate 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 polymeric elastomer is not substantially exposed to a
surface. From such a point of view, the content of the polymeric elastomer
is preferably 10% or less, more preferably 5% or less, and still more

d preferably296 or boss, vasedtomthe entire weight. YWven aselvéntsased
polymeric elastomer is used, a wet coagulation method is employed and,

sWhBA BWWater-dispéEiblé Pofynietie idsidtHerds BSéd, ArhéatseRsitide

coaqj;lation metggg is used. That is, mj rgtion of tge g)glg/mteric elastomer

=i 2

surfate’is pre?gr‘abfytsulpsbrgsse ST Fbwever, it Viewof the fact

miDAL e fiber sructyte qhigined by the presen 'HX%Q“OQJ@SF%!%G'E deatyre,

and the feature is more excellent compared with the prior art, it is

aPreferrrd-that,the fiber daes gotisubstantiallycontain APOYMe G o int
elastomer and is mainly composed of a fiber material. Furthermore, it is
valse prefegreddhatdhe fiber material is substantially composed of fibers of

a non-elastic polymer. For the purpose of improving flexibility of the
fiber Stafcture, & erdimplifRRtidtRmenicimiseicortluetel. ThE Biumiglimg !y -
treatment can be generally conducted by an apparatus such as a texturing

LATAEHIRG of Aty fHPmAGNINE RRAPIpERtA), §5at iy ~rom

methods exemplified beleow. For example, there can be
employed a method of exposing to high-temperature aii,
a method of irradiating with infrared rays, a method
of exposing to high-temperature stszam, and a method

of dipping in hot wateyr. Examples of the apparatus
used in the heat treatment include a continﬁous drver
of transferring articles to be treated using a
conveyer, a batch-tvpe dryver such ag tumbler, a
steamer, a jet dyeing machine and the like,

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

fiber structure. By including the plurality of
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a tumbler and a relaxing machine can be used. In the present invention,
the crumpling treatment is preferably conducted after conducting a
high-pressure fluid flow treatnent. When the crumpling treatment is
conducted prior to the high-pressure fluid flow treatment, the effects
drastically detate 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  to 250C after
conducting the high-pressure fluid flow treatment, fiber apparent density
Leas be incréasedl. hay ako prefefred beeagse surface smbdtiebs i
_excellent and surface roughness can be easily adjusted within the scope
* Bf the'gréseént vehtiG. WhEf fife thicknB&8E Fdiivet 16 fess than 0.1
ime, texture is too hard, and it is_not preferred. Although the thickness
c}rhaalil Cetr%jdﬁgztdl Fosm(gi}'lec?ﬁaﬁ%é ﬁr%%t‘hgeyeffeé‘t%ao? %%h%%éfs’sion are

c ed.Futhermare, whenthe fiber sfrycture is treated at.a femperature

of lower than 100C, the effects of compression are lowered, and it is not
t peeferied. Mhen therfibet sttuetuiesisdepataskat atempesaturerofhigher

than 250C, scratches are likely

desglred range. Specifically, cushioning properties
can be imparted by providing a lower laver of the
above surface laver with a nonwoven fabric laver
containing thicker fibers. By combining with a woven
fabric, tenacity is improved and thus form stability
can be improved, When the surface laver contacted
with a substrate ig selectively allowed to maintain
meisture by forming a surface laver using a
hydrophilic polymer and forming a lower layer using a
hydrophobic polymer, efficiency of polishing orxr
cleaning can be improved.

The polymer constituting the fibers included in
the surface laver and other lavers 1s not
particulariy limited as long as it ig a polymer
having a fiber-forming ability and various polymers
can be selected according to the purposss and
applications. For example, when the fiber structure
of the present invention is used as & 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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to be formed by fusion of fibers, which is not preferred. When
compression is conducted prior to the high-pressure fluid flow treatment,
tangling by the high-pressure fluid flow treatment does not easily proceed,
which is not preferred. Furthermore, it is preferred to form
unevenness or grooves on the surface of the fiber structure by 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

P polishing wasteziare 8asiy stpphed af@ diseharged Theltermiew of
"embossing” used herein refers to processing of forming an irregular_

2 DRREM Sh & Tabrie By i sinh Hé Tbrit thrdtgh A HetdroR& Stifpted =¥

o With.an iyegular patiern and a egilientroller made of a,.compregged
cotton, a compressecha’per or aTubber while maintaining at a given

p daREAtWE sRescribing apout an emhossedipaitern.dhe patern is not
specified and a sculpted roller with a satin pattern, a lattice pattern, a

psheckpattern, & sheepLpaitest, a kangasoa-pattetr or thellikeds preferably
used. In the present invention, an area of a concave surface

p pieferably dccounts femd %6 6% (cofivers sutfacesared isofrom.96% tovn
20%), and more preferably 10% or more and 45% or less, of the area of

5 the antire@enfbblsedfitersirtiefird. Regattling AtempeAurdddt @ hddte
rolleg), otptimtum cor%ditio,nslmay b% selecte accorc(ij{n to the processing

asﬁélec'ﬁ p?&s?ng%?hfk%%%s of a fib&r § fuctiurg, and the Tiumber of

- 8ADOsSINg s Regarding prefetable conditan,range, inthe pressing, @ as o
processing temperature is preferably no more than a temperature which is

pd0Cdowerthan adnelting peiskeftheutrafing dberia vigy afipmecessing
stability. A linear pressure is from 5 to 400 kg/cm, a processing speed is

cfropr@.6do 20 na/mirl and apassing numbeh isdftong £ o d0dAmmes rece is

reguired for directly grinding glass. “The polyvester
is not particularily limited as long as it is a
polymer synthesized from dicarboxylic acid or an
ester-forming derivative and diol or an ester-forming
derlvative thereof and can be used as the fiber.
Specific examples thereof include polyethvlene
terephthalate, peolyvtrimethylene terephthalate,
polyvtetramethylene terephthalate,
polycyclohexylenedimethylene terephthalate,
polvethyvlene-2, 6-naphthalene dicarboxvlate,
polyethyvlene-1,2-bis{2-chlorophenoxy)ethane-4,4" -
dicarboxvlate and the like, In the present lnvention,
a polyvethyvlene terephthalate or a polvestey copolymer

containing mainly an ethvlene terephthalate unit,
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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 contrast, when the linear pressure is
less than 5 kg/cm and the processing speed exceeds 10 m/min, pressing
effects become insufficient, 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 fibers do not form a bundle and exist in an opened

wiigtd For exafthlé ten g fibérstructurd FedSeteasta wibtisg cloth such
as eyeglass wi%erdothe fiber structure is not only excellent in wipiﬂge

propériigs Bt 470 Make o S&rktchor thB bbjett Futthermore. when
s ihe, iy Spyicuge Sysed ps.a B‘BJFQE‘%/C'@QM%%&P the nanufaciyting

process of hard disks, silicon wafers, infegrated circuit boards, precision

= Mstiyments optical semponents andiihe Jikes sincechigh-eliegis of =
retaining abrasive grains are exerted, agglomeration of abrasive grains is

néassdiBelyto@Qcur Aldo; ecausenefthigh smeathneésstefdhe fibér by
structure, surface smoothness of articles to be polished can also be

t extrdrhaly imprévetleTie fiverstediure Rar alsdbe Usedasiarficial

blood vessels and cell culture substrates by utilizing bio%omp%tib[lgy_ .
pEyﬁM§%E§luld flow in a state WwWhere a plurallity o©

fiber structures are laminated can be emploved

Sﬁch a method is preferred since it does not require
the use of a binder and therefore air permesability,
liguid permeability and flexibility of the fiber
structure do not detericrate. When such a method is
emploved, since it is desired that fibers
constituting the fiber structure can freely move LO
gome extent, it carn be preferably employed when the
fiber structure isg a short fiber woven and knitted
fabric, & short fiber nonwoven £fabric, a long fiber
wovern and knitted fabric¢ using a composite yarn in
which a difference in varn length exists, or a long-
fiber nonwoven fabric partially cut by needle
punching. I+ is also possible to mutually integrate
fiber structures through an adhesive. The adhesive
ig not particularly limited and general acrylic-based,
polyurethane-based, polyamide-based, polyester-based

and vinvl-based adhesives can be used. In the
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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 viscosity of a polymer
was measured by Capillograph 13 manufactured by Toyo Seiki Seisaku-
sho, LTD. The residence time from charge of samples to the beginning of
the measurement of the polymer was set to 10 minutes. B. Melting point
Using 080-7 manufactured by The Perkin Elmer Corporation, a peak top
temperature showing melting of a polymer at 2nd run was taken as a
aﬁ@ﬁ%@%ﬁ%ﬂp of the adhesive, a method of applving an
adhesive using a gravure roll, a method of applyving
using & spray or a2 method of laminating shests
containing an adhegive ig emploved and fiber
structures can be integrated by appropriately
applying pressure or heat.
In the productlion method of the present inventiocn,

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 guality, after
appropriate selection and examples therecof include
polyurethane, acrvl, sivrene-butadiene and the like.
Among these, polyurethane is preferably used in view
of flexibiliity. The method for producing
polyurethane is not particularly limited and can be
produced by appropriately reacting polymerpolvol,
diiscoyanate and a chain extender. Either a solvent
system or a water dispersion system may be used, and
a water dispersion system ls preferred in view of
working environment.

When a polymeric elastomer is impregnated,

sufflcient attention must be paid so that the
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A temperature increase rate was set to 16C/min and an 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 alloy and then a fiber
perogsseétiorewas bbsarved by ascanning efeetron Migrossopes@EMP 2
shown below. When a cross-section of the fiber structure is observed, the

SHBdristrticturd TR fioveh By dippiRd imiquid-mittogér for 10MhiRbites? ©
tﬁ%eggfgﬁggﬁgagﬁé%@%ggén95 preferably 10% or less,
more preferably 5% or less, and still more preferably
2% or less, based on the entire weight. When a
solvéntmbased polvmeric elastomer 1s used, a wet
coagulation method is emploved and, when a water-
dispersible polvmeric elastomer is used, a heat-
senslitive coagulation method is used. That is,
migration of the polvmerlc 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 pribr art, it 1s preferred that the £iber
does not substantially contain a polvmeric elastomer
and is mainly composed of a fiber material.
Furthermore, it is also prefserred that the fiberxr
material is substantially composed of fibers of &
non-elastic polymer.

For the purpose of improving flexibility of the
fiber structure, a crumpling treatment can be
conducted. The crumpling treatment can be generally

conducted by an apparatus such as a texturing machine

or a dying machine and, specifically, a jet dyeing
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thickness direction by a blade of a razor, and then vapor deposition and
SEM observation were conducted by the above method. SEM apparatus:
Model S-4000, manufactured by Hitachi, Ltd. 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 P. 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
myfasieasurediip tia plateof 0ddpme. a Jiger dying machine,

a tumbler and a relaxing machine can be used. In the
present invention, the crumpling treatment is
preferably conducted after conducting a highmpréssure
fluid fiow_treatmamt. When the crumpling treatment
ig conducted prior to the high-pressure fluid fLlow
treatment, the effects drastically deteriorate
according to the high-pressure £luid flow treatment,
which is not prefe:red.

Furthermore, when the thickness is reduced by 0.1
to 0.8 time through calendaring at a temberature of
L1008 to 250°C after conducting the high-pressure fluid
flow treatment, fiber apparent density can be
increased, It is also preferred because surface
smoobthness 18 excellent and surface roughness can be
eagily adijusted within the scope of the present
invention. When the thickness is reduced to less
than 0.1 time, texture is toco hard, and it isg not
preferred. Although the thickness may be reduced to
more than 0.8 time, the effects of compression are
lowered. Furthermore, whenr the fiber structure is
treated at a temperature of lower than 1006°C, the
effects of compression are lowered, and it is not
prefaerred. When the fiber structure ig treated at a

temperature of higher than 250°C, scratches are likely
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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-1096 (1999-Version) G. Light reflectance A sample of 5 cm square was
prepared and a reflectance at 380 to 780 nm was measured in a state

to be formed by fusion of fibers, which is not
preferred. When compression is conducted prioxr to
the high-pressure fluid flow treatment, tangling by
the high-pressure fluid flow treatment does not
easlly proceed, which is not preferred.

Furthermore, it is preferred to form unevenness
or grecoves on the surface of the fiber structurs by
embossing when the fiber structure of the bresent
invention is used as a polishing cloth. The fiber
structure having such a surface is useful to improve
uniformity of peolishing or to vreduce scratches since
abrasive grains and polishing wastes are easily
supplied and discharged. The term “embossing” used
herein refers to processing of forming an lrregulaw
pattern on a fabric by passing the fabric through a
metal roller sculpted with an lrregular pattern and a
regilient roller made of a compressed cotton, a
compresged paper or a rubber while maintaining at a
given temperature. Degcribing about an emboessed
patitern, the pattern is not specified and a sculpted
roller with a satin pattern, a lattlice pattern, &
check pattern, a sheep pattern, a kangaroo pattern or
the like is preferably used.

In the present inventlon, an area of a concave

surface preferably accounts for 4% to 80% (convex
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where a 50 integrating sphere 130-063 (manufactured by Hitachi, Ltd.)
and a 10’ sloped spacer are attached to a spectrophotometer U-3410
(manufactured by Hitachi, Ltd.). The measurement was conducted using 3
samples and a reflectance was determined by simple averaging of thee at
560 nm. A standard white board attached to the apparatus (manufactured
by Hitachi, Ltd.) was used. 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
sgulistrate svasssubjecfetto NP platingtreatrremt amdthem peolishedb 1y
Using a disk having a controlled average surface roughness of 0.2 nm, an
I tol&ed %%Fé%i\féﬂégaﬁ%gfuﬁy" cdrtdiing’diarhéifd st Ravitig a
o ,E’ar;im—%y gggiclgsdei%fm%te}g g:: 1 éo %0 nmuwas dro&ged Io j:[ge sgrface ofa
poﬁ‘s“hlng ERtH°iR Bread ARtount 6FIT mi/min, and-thér poﬁshlng was
+ £Qpdycled yndey he canditions qf.a.disk fotatignal speed0f 300 1pm, 2.,
pressure of the tape against the disk of 98.1 kPa and a tape running
népeed et6 em/Minder-3Q secandsdiextyinglessing speed,
pressing, thickness of a fiber structure, and the
number of embossing. 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 1s
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.

Wwhen the linear pressure is 400 kg/cm or more
and/or the processing speed is less than 0.5 m/min,
breakage occurse as a result of an excessive pressure,
which is not preferred. In contrast, when the linear
pressure is less than 5 kg/cm and the processing
speed exceeds 10 m/min., pressing effects become
insufficient, which is not preferred.

The fiber structure obtainsd 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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In accordance with JIS 30601 (2001-Version), surface roughness was
measured at any 10 points of the surface of a disk substrate sample after
texturing using a TMS-2000 surface roughness analyzer manufactured by
Schmitt Measurement Systems, Inc., and then substrate surface
roughness was calculated by averaging the measured values at 10 points.
A lower numerical 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

f dEnalyzergrooveshavingsa depth Banmwi more werel regardedbas: e ¢
scratched. The number of scratches was measured and the evaluation

s s condiiB e dBPaR averagd 6Pthe e dshfetdvat e Grabr urfatel SR 4

Iower numerlcal value shows higher performances. Exampé%
5 fib
&L ptoductivh of i nonw%venuﬁ%nc SEHELLS L ¢ Frber

structure is not only excellent in wiping properties,
but also makes no scratch cn the iject. Furthermore,
when the fiber structure is used as a polishing cloth
used in the manufacturing process of hard disks,
gilicon wafers, integrated circuit boards, preclsion
instruments, optical components and the like, since
high effects of retaining abrasive grains are exerted,
agglomeration of abrasive grains is lessg likely to
oceur. Also, because of high smoothness of the fiber
structure, surface smoothness of articles to be
polished can alsoc be extremely improved. The fiber
structuré can also be used as artificial blood
vessels and cell culture substrates by utiliziag

biocompatibility.

EXAMPLES

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

A melt viscosity of a polymer was measured by

Capillograph 1B manufactured by Tovo Seikil Seisaku-
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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
poly-L-lactic acid (optical purity: 99.5% or more) having a weight average
molecular weight of 120,000, melt viscosity of 30 Pa's (240C, 2432 sec')
and a melting point of 170C were used and the content of N6 was
adjusted to 45% by weight, and then the mixture was melt-kneaded at a
kneading temperature of 220C to obtain polymer alloy tips. The weight
average molecular weight of poly-Llactic acid was determined by the
s TollowhigPprocétigrer Aschibroform sblutiofiof a saimpleawas Mixedwitte
THF (tetrahydrofuran) to obtain a measuring solution. The concentration
EBf poflatidacit s sffustébto™ 256 By e ht. Usirghgel PeriiE&tion
chroma&ogﬁrap% (GPCL\éVaters 2690 manufactured by Waters
w?:%rpso?ation? a polflnsltfllrenée Se(quivalent weight average molecular weight
BW%QEEG{ i %goq¥1g1easuring at 25C. The melt viscosity of poly-L-lactic
acid was 86 Pa's at 215C and 1216 sec-1.

TUsing DSC-7 manufactured by The Perkin Elmer
Corporation, a peak top temperature showing melting
of a polymer at 2Znd run was teken as & melting point.
A temperature increase rate was set to l6°c/min and an
amount of a sample was set to 10 mg.

C. Observation of fiber cross-section by TEM

An ultrsa-thin piece was cub in a cross~séctional
direction of a fiber and then a fiber cross-section
was observed by a transmission electron microscope
{TEM) shown below. Nvlon 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 alioy and then a fiber cross-
section was cobserved by a scanning electron
microscope (SEM} shown below. When a cross-section
of the fiber structure is observed, the fiber
structure was frozen by dipping in liguid nitrogen

for 10 minutes, taken out immediately and cut in a
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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 80C and a linear
pressure of 20 kg/cm using an embossing roll at a contact bonding ratio
of 16% to obtain a long-fiber nonwoven fabric having a single fiber
fineness of 2.0 dtex and a basis weight of 150 gitm2. (Production of
composite sheet> To a nonwoven 'Fabric containing the obtained
tdlyivier aloyfilsars tam il Bolutiork (SMPOGDE nfantfectured By Howren
Corning Toray Silicone Co., Ltd.) was applied in an amount of 2% b

v eiyht Bas& o it waiyht Sfitle iB&RT ToHowad by Pe&dIe PuREr g& Gt

100 neeq:ecl%/gmnzlégkgg&am a nonwoven fabric containing polymer alloy

b}’ibetrs%a%lng a basis weight of 120 g/m2 and a density of 0.09In a state
SEM apparatus: Model £-4000, manufactured by Hitachi,
Lrd.
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 visual field. Using image
processing software, sach diameter of 300 single
fibers or fiber bundlies sampled at random in the same
visual 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-10%6 {1995-
Version) .
G. Light reflectance

A sample of 5 om sguare was prepared and a

reflectance at 380 to 780 nm was measured in a state
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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 flow under a pressure of 12 MPa was injected
through a nozzle with 0.1 mmel) 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 injected

whroBgh thd RoZzid Ra%5 Abljuste FET hAEit ineetLEduNd Fightdglesdd
the sheet.In this case, a cover factor was 150%. By diggin the obtained

0

bkt Sificidre ift BA Aquibls 3961y wRibY SSdidiAHyaFoxidessctltioh™ ™ & ¢
£ £99C. Lath ratio of 110N fA62 ;3410 (manufactured by

Hitachi, Ltd.}. The measurement was conducted using
3 samples and a reflectance was determined by simple
averaging of the values ét 560 mm, A standard white
hoard attached to the apparatus {(manufactured by
Hitachi, Ltd.) was used.
H. Polishing charaét@xistics

A fiber structure (gheet) was sglitted to give a
tape having a width of 38 mm, followed by peolishing
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 is&lat@d
abrasive grain slurry c¢ontaining diamond crystals
having a primary particle diameter of 1 to 10 nm was
dropped on the surface of & polishing cloth in a feed
amount of 10 ml/min, and then polishing was conducted
under the conditions of a disk rotational speed of
300 rpm, a pressure of the tape against the disk of
8.1 kPa and a tape running speed of 6 ¢m/min for 30
gseconds {(texturing).

In accordance with JI8 B0601 {Z2001-Version),

surface roughness was measured at any 10 points of
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hours, 99% or more of poly-L-lac ic acid as a sea polymer in the polymer
alloy fiber was removed by hydrolysis. The thus obtained sheet is referred
to as a composite sheet. The composite sheet | was observed by SEM. As
a result, a fiber bundle in which 500 or more ultrafine 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
tighovie Thadiforsttherebysdispetsing séime fiberPaffibefdEshstituting the
fiber bundle in @ monofilamentous state tg obtain a fiber structure. The

€ 4HIS ShtaMmet ShESt i@ réféfred 16 Bs ATohfh08itd SRESHTH® The BbEAN&E

composite sheet. |l was Rbsecr\tle(]jﬂbgi SEM. As are ult,.the gntirle surface
e y : o S
m&o?‘fheaﬁbte%%ﬁ%itu?re i%sccon\}éred with fibers ?\Be)nhav]gniaga number a\?erage

asdipet diapeterof 110 ina monofilmentoys state ydthout clgaranee; In
the cross-section, the fibers (B) having a fiber diameter of 1 pm or less

b¥nhurberaverage-fikersiarmetes d 19-nm)dispetsedingaomoneafilamentous
state form fine void spaces due to tangles or bends and also exist
1 dogetherawithra fibér bunidies (&) thavingtd fitker bundle diameter 3 um or

more (number average fiber bundle diameter: 8.3 um).
With respect to the entire region of both surfaces of

5 substrates after texturing, namely, 10 surfaces in
total as measuring objecis, using Candela 5100
optical surface analyzexy, grooves having a depth 3 nm
or more were regarded ag scratched. The number of
scratches was measured and the evaiuation was
conducted by an average of the measured values of 10
surfaceg. A lower numerical value shows higher

performances.

Example 1
{Production of nonwoven fabric>

Nylcon 6 (hereinafter referred to as Né) having
melt viscosity of 212 Pa-gs {262°C, shear rate: 121.6
gsec ) and a melting point of 220°C and poly-L-lactic
acid (eptical purity: %9.5% or more) having a weight
average molecular welght of 120,000, melt viscosity
of 30 Pa-g (240°C, 2432 sec ") and a melting point of

170°C were used and the content of N6 was adjusted to
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The obtained fiber structure had a thickness of 0.5 mm. The fiber structure
had airpermeability of 0.5 cc/cm2/sec. The fiber structure had a light
reflectance of 96%. The obtained composite sheet was slitted to give
a tape having a width of 38 mm and 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.

£ Eampld 2197 Frwa Rifldd BRforWisydh'abics wetd intBgrated By 2 4 =<

conducting a treatment of injecting a water flow to the composite sheet |
a%b?ai%él f% %aqnpﬁg r?[pu@nla'féjrt%hreesac’mél\eﬁcgrcl}di{jl;onts,oaso|1:rjltl‘:3lx1ar?n518 %gfcrept
» thatthe pressure of the water flow was adjusted to 1 MPa. The thus

obtained sheet is referred to as a composite sheet Ill. The composite

Shaﬁﬂbwﬁéﬂb&ﬁvﬁibyage molecular weicht of poly-L-

lactic acid was determined by the following procsadure.
s chioroform sciution of a sample was mixged with THF
{tetrahydrofuran) to obhtain a measuring solution,

The concentration of polyvlactlce aclid wasg adjusted to
0.4% by weight. Using gel permeation chromatography
(GPC) Waters 2690 manufactured by Waters Corporation,
a polvstyrene eguivalent welght average molecular
welight was determined by méasuring at 25°C. The melt
viscosity of poly-L-lactic acid was 86 Pa-s 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 spesd of 4,500
m/min, collected on a moving neat cénveycr and then
heat-fused under the conditions of a temperature of
80°C and & linear pressure of 20 kg/cm using an
embossing roll at a contact konding ratio of 16% to
obtain a long-fiber nonwoven fabric having a single
fiber fineness of 2.0 dtex and a basis welght of 150
g/m?.

<Production of composite gshest>
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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 110 nmin a
monofilamentous state without clearance. In the cross-section, the fibers
(B) having a fiber diameter of 1 pm or less (number average fiber
diameter: 110 nm) dispersed in 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 pm). The obtained composite
sheet was slitted to give a tape having a width of 38 mm and polishing
char&etersticeiwere evalfiated: The epimpbsitersheeh had athickrdss of
0.6 mm. The fiber structure had air permeability of 0 cc/cm2/ sec

P ¥heESdrefiet imit bf fs8). The sheét SRowedi& FefleEfANEE Bf 97%.

The disk was ogished under the same conditions as in Examgle 1. Asda
marg‘éluﬁf—f" fhteu5i§§a &r Eo?i‘éghiﬁarsﬁé\zfv%d Sofce rgoﬁgﬁﬁé:’s%@of%.% anﬁtand}
w40e pumber.gf scratehes,of 0.9 and js extramely, excallentjn smpathness.

and low scratch properties. In Fig. 2, a SEM photograph of the surface of
wdhefiRerstructive praduead inciexampledl is-shawe dpxxanmple Snkheasfiker

structure obtained in Example 1 was
1000 needels/cm2 to ohkhtailn a nonwoven fabric
containing polymer alloy fibers having a basis welght
of 120 g/m® and a density of 0.09 g/cm®. In a state
.where a nonwoven fabric and a needle-punched nonwoven
fabric containing polvester 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
mmg circular 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 nozzle 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 welght sodium

hyvdroxide solution (85°C, bath ratio of 1:180) for 2
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embossed to form random strip-shaped concave portions. The treating
rate was 1.5 m/min and the temperature of a sculpted roll was 140C. On
the surface after embossing, stripe-shaped recesses haying a depth of
several micron meter which surround a region of about 500 um were
formed. Under the same 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
has 356 myAhine Cofripatativé Bxahiplé 112 < Aldeng fisel noawdver fabric
was produced in the same manner as in_ Example 1, except that only N6

P b t3Bd i plat of the Botymér-aifoy tipsrt the rodGctdn of thd Y
n{20g:fiber nonwoygen fabiic in Example 1, Then, ip the same manner as in
xamp?@z f the long-fiber nonwoven abric was mtegrateé3 with &
ag a composite sheet. The composite sheet I was
observed by SEM. As a result, a fiber bundle in
which 500 or more ultrafine fibers are assembled 1s
formed. The fibers are drawn out from the composite
sheet and a fiber cross-szection was cbhserved by TEM,
and thus a single f£iber diameter (number average
fiber diameter} of the fibers was determined. As a
result, it was 110 nm.

Then, the water flow was injescted 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
gsheet II. The obtained composite sheet IT wa%
observed by SEM. A2s a result, the entire surface of
the fiber‘stxucture ig covered with fibers (B) having
a number average fiber dlameter of 110 nm in a
menofilamentous state without clearance. In the
crossg-secition, 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

vold spaces due to tangles or bends and also exist
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polyester 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. The surface of the obtained fiber
structure was observed by SEM and a fiber diameter of the fibers existing
on the surface was measured. As a result, it was 15,0 um.In the
cross-section, although the same fibers as those on the surface existed,
fine void spaces due to interlace or bending were not observed because
t otz tdrge fibertdiamelerp e r Thergbtaindd fibérsstructure had adhickness
of 0.7 mm. The fiber structure had air permeability of 24 cc/cm2/sec. The
bfibeistruétura hiada ght Peflettante BE 67%.(Tha sk wasepotisited drder
the same conditions as in Example 1. As a result, the disk after polishing

LERGwEd SurfReTdaghfiess 642 nm and the number of scratches of 3.1
and '%v%é”%%‘%'é’i‘Qfgﬁo%'i‘bsé@ooé'?!leéé89940‘%59""&0%%@8%'8%5 of
Example 4

0.5 mm. The fiber structure had-air permeability of

0.5 ce/ecm?/sec. The fiber structure had a light

reflectance of 96%.

The obtained composite sheet was slitted to give

& tape having a width of 38 mm and polishing

characteristics were evaluated, As a result, the

disk after polishing showed surface roughness of 0.30

nm and the nunber of scratches of 1.1 and is

extremely excellent in smoothness and low scratch
properties., In Fig. 1, & 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 indecting a water flow to
the composite sheet I obtained in Exampls 1 under the
same conditions as in Example 1, except that the
préssure of the water flow was adjusted to 1 MPa.
The thus obtained sheet is referred to as a composite

sheet I1II. The composite sheet IITI was observed by
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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 poly-L-lactic acid as a sea
-portion and the number average diameter was 110 nm. Using the
obtained polymer alloy fiber, a twill woven fabric was produced and then
dipped in an aqueous 3% by weight sodium hydroxide solution (95C, bath
5 Fatio ofXk100)fes2 hburst hnd #iusio9%s ormbra-ef thé seapofyiieriin the
polymer alloy fiber was removed by hydrolysis. The thus obtained woven
s fatic 58 Fetert@d fPAS A Woveh FabriciPTRE nuMberavetage fibdrombe
diameter o ,tlge fib%r,of th% Woveor% fab{ig I was 120 rim. A Wgte]glownw%s
aYnﬁé:c:E’tg(? to tha Woveh Tabric runider the sate conditiohe as if xrg?np gy’
s 101¢ dhus.qhtained wWoven fatric s referred do as awovepfahrig,|l. The,

woven fabric 1l was observed by SEM. As a result, the entire surface of

¢ fhefiner syuctyre;is.coverediwith fibers (B)having:a numperaverage fiber
diameter of 120 nm in a monofilamentous state without clearance. In the

{ cross<sectors the Bbars B havingha fiber: diameterof 1dhsprelessd in
(number average fiber diameter: 110 nm) dispersed in a monofilamentous

2 st fofrh bl §Facesdue t6 Hierldceror behdihgHriciso 4st to

together with a fiber bundle (A) having a fiber bundle diameter of 3 um or
Efoté Biunber BBy ser bufidle %?%frﬁ&teli?gi%eﬁrkh?ﬁn”ﬁgt.kb, % SEM ¥

hatograph .of a_cross-section,of the woven fahric Il is sho In Fig. 4, a
bﬁf@%’,?g PR) h%‘”»%%,ﬁ lt’o c% glam@ter W 11 ;gxp]}

. ey U.I% = B
magnlflca on pnotograpn o e same cross-section Is own.
The wovenfgbhadalf 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 perﬁ@ability of 0 cc/em®/ sec {(measurement 1limit
or less). The sheet showed a reflectance of 97%.

The disk wag polished under the same conditions
as in BExample 1. As a result, the disk after
polishing showed surface roughness cof 0.26 nm and the
number of scratches of 0.9 and is extremely excellent
in smecothness and low scratch properties. In Fig. 2,
a SEM photograph of the surface of the fiber

structure produced in Example 1 is shown.

Example 3

The fiber structure obtained in BExample 1 was
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permeability of 0 cc/cm2/sec (measurement limit or less). The woven
fabric 1l had a light reflectance of 95%. This woven fabric was laminated
on a polyester film using a double-stick 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 0.30 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,
epblishimgiwas cdheisted aaxdcapt that Atartinatessbtained by fangifatigens -
the woven fabric | on a polyester film was used in place of the woven
ThforicH Bif Exatplé 4 STHE fuoven fabie 1 vad bséRed by SEM2AS A

result, a lot of clearances of warp yarns and weft yarns of the woven fabric

© ExidtedH hiEt&E wifete fiB&% natthd a nutiber Bierayé fib& diameter of
o33 DI fopm adfirn byndle, op the swiacen Ei%g’v@éfké PhetogrARDOf

a woven fabric 1 is shown. In the cross-section, only a bundle of fibers
=bBavPg 8 flbek ron meter which surround a region of about
500 pum were formed. Under the same conditions as in
Example 1, the disk wag polished. As a result, the
disk after polishing showed surface roucghness 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 as in Example 1, excent that only N6 was
used in place of the polymer alloy tips in the
production cof the long-fiber nonwoven fabric in
Example 1. Then, in the same manney as in Example 1,
the long-fiber nonwoven fabric was integrated with a
polvester single fiber needle-punched nonwoven fabric.
Then, dipping in an aqueous sodium hydroxide solution
wag not conducted. Furthermore, the treatment of
injecting a water flow was conducted under the same

conditions as in Example 1.
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diameter of 1 km or less (number average fiber diameter: 120 urn) existed
and void spaces of fibers formed by interlace or bending were not
observed. The woven fabric | had air permeability of 33 cc/cm2/sec. The
woven fabric | had a light reflectance of 60%. The woven fabric was
laminated on a polyester film using a double-stick 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 lextremelf/snferiorfintsnsocthriessiantl |6 seratchiproperties. was
INDUSTRIAL APPLICABILITY  The fiber structure of the present
olentiG cdybé EtfitadRfusedtfoP WMpifig BIEME Stick as ey8glhss #ers,
and Eolishing clothes and cleaning tapes used in the manufacturin .
©Brotess Bf Rard dicks “Sifiddh Wafsrs ifte§rateaircuithdards® pratision
; Instruments, gptical components and the like: GLAMS., cnougn che
same fibers as those on the surface existed, fine
void spaces due to interlace or bending were not
ohserved 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/ecm’®/sec. The fiber structure had a light
reflectance of 67%. The disk wasg polished under the
same conditlions as in Example 1. As a result, the
disk after polishing showed surface roughness of .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 varn of 92 dtex, 36 filaments,
followed by drawing and further heat treatment to
obtain polymer alloy f£iber of 67 dtex, 36 filaments.
In the polymer alloy fiber, N6 as an island portion

iz uniformly dispersed in poly~-L-lactic acid as a sea
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1. A fiber structure comprising: (A) a single fiber having a fiber
diameter of 3 pm or more and/or a fiber bundle having a fiber bundle
diameter of 3 pm or more, and (B) a single fiber having a fiber
diameter of 1 pm or less, wherein the component (A) has a number
average fiber diameter and/or a number average fiber bundle diameter of
4 pm or more, at least a part of the component (13) 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
pesmhponent(B) dispersed it theameneflaméitous state isadsent AAd/or -
tangled to form a void space, and at least one surface of the fiber
Ustriigtuted'is cobéretiifith the coffponAt (8. © P2 ThedfibeY Strdctife’ &n
accarding to claim 1, wherein the fiber bundle of the component (A) is
£ %rlc %?s grqé?geg anH]t%en P?geé QH.anﬁfqﬁeéug i%
composed of single Tibers having'a number dverage fiber diameter of
pPMAIERE oo iTu%g f&?g&%g%%? (€ AGepIqing,fo clgimy & or 2, wherein the
void space formed by a bend and/or a
of 1:100) for 2 hours, and thus 9%% or more of the
sea polyvmer in the polymer alloy Liber was removed by
hyvdrolysis. The thus obtained woven fabric is
referred to as a woven fabric I. The number average
fiber diameter of the fiber of the woven fabric I was
120 am. 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 fabxic II was 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. 120 nm in a monofilamentous
state without clearance. In the cross-section, the
fibers (B)] having a fiber diameter of 1 pm or less
{number average fiber diameter: 110 nm) dispersed in
a monofilamentous state form fine veolid 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
pum) . In Fig. 2, a SEM photograph of a cross-section

of the woven fabric IZI is shown. In Fig. 4, a high-
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tangle is a void space surrounded only by a fiber such that the fiber
surrounding the void space has a cross-section that cannot be observed
from a scanning electron microscope (SEM) photograph, wherein in the
cross-section of the fiber structure when observed on the SEM
photograph, both a fiber whose cross-section can be observed and the
fiber whose cross-section cannot be observed exist. 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
mgpe of clammis t 1o 4EWherfein-aiv pernieabilitytis? colom2/sec BEless.
6. A method for production of a fiber structure comprising: forming a fiber

s 8Flictre dont&iRfMt a polymer YIfoy fibet EBmpEsed-of e Plufatity of

po%mers each haV|n%a dlff/erergt solubllt ; removing at Iealst one klnd of a

ps& ﬁ%$ %%%tﬁepLHm?y /sec sasurefient limit

legsg}. The woven fabric II had a light reflectance
of 95%. This woven fabric was laminated on a
polyvester fililm using & double-stick tape, followed by
glitting to give & tape having & 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
gseratches 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 T on a polvester film was
used in place of the woven fabric II in Exanple 4.
The woven fabric I was observed by SEM. A5 a result,
a lot of clearances of warp varns and weft varns of
the woven fabric existed in a state where fibers
having a number average fiber dlamelter of 120 nm form
a firm bundle on the surface. In Fig. 3, a SEM
photograph of a woven fabric 1 ig shown. In the

cross-section, only a bundle of fibers having a fiber
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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 cm to give
a fiber bundle consisting of the assembled ultrafine fibers; and injecting a
high-pressure fluid flow at OL1 to 20 MPa into the fiber structure
containing the fiber bundle consisting of the assembled ultrafine fibers,
and wherein the fiber bundle consisting of the assembled ultrafine
fibers is a fiber bundle in which a number average fiber diameter is from
10 to 300 nm, and a number ratio of the ultrafine fibers having a fiber

d {iameter-ofck0 to 300 mm i3 6% ofmeree r ai dhedaethad: tor
production of a fiber structure according to claim 6, wherein the polymer

d ARE\Pfiser is dBAIMEH byeohvarifg Ame! plufality GEFohRers eathhavihg
a different solubility into a polymer allpy using an extrusion kneader and/or

far g‘t‘éﬁc Rﬁed“db?%ﬁé\ﬁgq By s&ﬁﬁfﬁé?g W@.rﬁwenfﬁéth%]a%&rﬁ'r%auction
rQLa J;g%]ra%;[rurct%rg ia&cgr%ﬁggc%agmp% Ahnergin fhe fiber structure

accor oclaim 1is pro
cc/om’/sec. The woven fabric I had a light
reflectance of 60%. The woven fabric was laminated

on & polvester film using a double-stick 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 (.43 nm
and the number ©f scratches of 2.5 and is extremely

inferior in smocthness and low scratch properties.

INDUSTRIAL APPLICABILITY

The fiber structure of the present invention can
ke suitably used for wiping cloths such as eveglass
wipers, and polishing clothes and cleaning tapes used
in the manufacturing procsss of hard disks, silicon
wafers, integrated circuit boards, precision

ingtruments, optical components and the like,
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ABSTRACT A fiber structure including: (A) a single fiber having a fiber
diameter of 3 pm or more and/or a fiber bundle having a fiber bundle
diameter of 3 [err] or more, and (B) a single fiber having a fiber diameter
of 1 [err] or less, wherein the companent (A) has a number average fiber
diameter and/or a number average fiber bundle diameter of 4 [err] 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 fiQ%%%r gtu’re, at least a. part of the
component (B) dispersed in the monofilamentous state is bent and/or

tangled to form @ yoid.space . and.atleast.one syeface of the fiber
structure is covered with the component (B).

() & single fibey having a fiber diameter of 3
pm or more and/or a fiber bundle.having a fiber
bundle diameter of 3 um or more, and

(B} a single fiber having a fiber dlameter of 1
pm or less, wherein the component (A} has a number
average fiber diameter and/or a number average fiber
bundle diameter 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
structure, at least a part of the component (B}
dispersed in the monofilamentous state ig bent and/or
tanglied 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) is
composed of single fibers having a number average

fiber diameter of 1 um or less.

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

wherein the void space formed by a bend and/or a
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tangle is a void space surrounded only by a fiber
guch that the fiber surrcunding the void space has a
cross-section that cannot be c¢bserved from a scanning
electron microscope (SEM) photograph, wherein in the
cross-section of the fiber structure when observed on
the SEM photograph, both a fiber whose cross-section

can be observed and the fiber whose cross-section

cannot be observed exist.

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

surface is 80% cr more.

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

cc/cm?/sec or less.

6. A method for production of a fiber structure
comprising: forming & 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
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polymers each having a different solubility of the
polymer alloy fiber, to develop an ultrafine fiber
having a2 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
0.1 to 20 MPa into the fiber structure containing the
fiber bundle consisting of the assembled ultrafine
fibers, and

wherein the fiber bundle consisting of the
assembled ultrafine fibers is a fiber bundle in which
a number average fiber diameter is from 10 to 300 nm,
and a number ratioc of the ultrafine fibers having a

fiber diameter of 10 to 300 nm is 60% or more.

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

static kneader, followed by spinning.
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8. The method for production of a fiber
structure according to claim &, wherein the fiber

structure according to claim 1 is produced.
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ABSTRACT

A fiber structure including: (A} a single fiber
having a fiber diameter of 3 pm or more and/or a
Eiber bhundle having a fiber bundle diameter of 3 um
or more, and (B} a single fiber having a fiber
diameter ©f 1 pm or less, wherein the component {A)
has a number average fiber diameter and/or a number
average fiber bundle diameter of 4 um or more, at
least & part of the component (B) is dispersed in the
component (A} in a monofilamenfous state in the
crosg-section taken in the thickness-wise direction
cf the fiber structure, at least a part of the
compoenent (B} dispersed in thé monofilamentous state
ig bent and/or tangled to form a wvolid space, and at
least one surface of the fiber structure 1s covered

with the component (B).
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