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ABRASI VE CLOTH AND METHOD FOR PRODUCI NG NANOFI BER

"~ " STRUCTURE Techni cal Field The present invention

relates to an abrasive cloth, and nore 5
particularly, to an abrasive cloth used for texturing
during the texturing of a substrate and a subsequent
formation thereon of a magnetic recording |layer to
t hereby produce a magnetic recordi ng nedium The

ABRESEE, LLOTeL ANt ST ek FPARTIRCINE pyanorBER
' d with fib . 10 Back d Art | '
Sﬁggm ar\;m, a 'Rgggelti grfecor di ﬁ; ?nregtjﬂm such gs a
net i i sk has been requiring increases in
Tegg’g%?@??@e@}é reco_?di ng dengiwtyI plgeI to r_:rr;rlkab! e
techl Cg%esbﬂ‘é“’i’r?&e'n%ﬂm hr%?&t%sa.%' A%, ahifisive Rigth SR more
i n ‘surface " processing of various substrates has arso

pali’ﬁgﬁlarr Wb &b rhBive @ %etdjfotr qu’étﬂ‘i‘ﬁg a_%l?ﬁlgbﬂle%&%}ih% of a
an years, a spacing

recordi ng density of recent

oS 4 CPI AR ol el i i asr

to RRERBy Wrodngd aith8Mtid rd@¥lingdddhawer i ng the floating
hei ght "of the nmagnetic di sk causes a contact between

a T gsfebent dadehficn NEGBEElateiead Rereathadhénd rodebing a
if there is 20 the projection on the surface of 'the

naf@@bet serudteie inf whidht 4 BGppevtSE cahjiipesed Witk Ranefibérs.
surface. Also, even with a mnute projection that does
Barhtroaube Arbe head crash, the contact with the
magneti ¢ head causes an error that occurs during
r eddi regenhgeaws himggwdtic dardatg nrediwnr suvkr apa anaghetic disk
magnetic head is brought into sticking with the
hagub¢err eregiaiting irmgersescindipacyt Andebycor@imgc desvsityhdue to
troubl e of not being floated. As means for preventing
remigekablestechoinad dnnpeatierenhenre aadoeriasg i srecidenl inhaurface
magneti c_ head, surface processing referred to as
PTrOGesEing Warmwwtraﬁeﬁ%ﬁ@taé%be@ak%qw@-f orned on the
surface of the recordi ng di sk has bheen perforned. 1:he
t exAlORE HItnE BiCraaseseit PoRAGiby @@di Fpcardingofiengity of recent

di rection, . . . .
years, a spacing between a recording disk and a magnetic head, i.e., the

ﬂbating height of the magnetic head has been becoming significantly low,
and lowering the floating height of the magnetic disk causes a contact
between a projection and the magnetic head hence a head crash if there is
the projection on the surface of the magnetic disk, resulting in scratches on
the disk surface. Also, even with a minute projectiori that does not cause the
head crash, the contact with the magnetic head causes an error that occurs
during reading and writing of information. Furthermore, the magnetic head
1s brought into sticking with the surface of the magnetic disk to thereby
cause the trouble of not being floated.

As means for preventing the close contact between the recording disk

and the magnetic head, surface processing referred to as texturing in which
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i.e., the recording density of the disk to be

i ncreased by controlling the orientation of crystal
growh at the tine of formation of a metal magnetic 5
| ayer onto the disk substrate. As a texturing nethod,
a method such as slurry polishing in which slurry
conposed of abrasive grains is attached onto the
surface of an abrasive cloth and polishing is

mBAItEOSTEMk VLD fhhBe8 ! Bhe NRASERECHF HRE FecorBVP WGk Hal been

the case of texturing, it can be said that wavi ness

pedfdrafed. "Ehd t:@uPRIg 8RhABIGs SDesd@ikefdred v ef raftdmdaidction,

di sk surface currently having an average surface
1.0, 0UBhnessrddhg Hendite9r of Bhe &RRULE beeidcusddedr b nepithaling the
in order to neet the increase in recording density
oribigtationt dfecriyed ngrowali £4 thd mahe a$ dohhaties WId Mfketal magnetic
capacity (a target average surface roughness is 0.5 nm
laper betosthe dick stihstyateeason, the attai nnent of fibers
further made finely thinner 15 has been desired for
t heAalar desitueing otdthddr apmktlsdd sgch dasbirdy stolshifgada. which
However, the abrasive cloth that utilizes a current
slawra- cempneed yofeabxasiye grams iibeattapherthiongot dehsokrfagy of an
has, a imtation_ of a single fiber fineness of 0.01
abypeive(dath aademolishing de pesfarmest withy thy cletiy has been used.
therefqQre_has not_had a sufficient | evel that can
H‘?“@%}%‘n dutider paseaplotaxtysmns; i1« nn be i phaswavipgss after the

vofiching sRoTKoRAGTEROHhBmicar bt isk SBriphe clsranly having an
avh iR, St TORAES TibLrp, (ofoRe sGoui Redugyhar smeothed in
orflére 19 MeS} thEVBISHRR, th TR e rausLaER to Lhf (egrBhpapid
ing @486 thaBloudnBib (RibREANERE dfass ehmepr iy 5 oo

or %éé)‘ Ror fl’ﬂg lrga%ng ﬁlae fﬁfﬂﬂdgﬁglseﬁﬁ%tf fibeRs %Scﬁ%isg%? 6&%&2(%' ﬁ)é\’éa]t‘,etn inner

usi ng polymer as “been

hag kR by RS hOReC IR pRUNERET e Bibrtese

W%&%é‘/&{“%hb%&éﬁ@ﬂ(ﬁh ltl;i;:;t l%*tﬂlzf%sna AfFfee .sea-lisland type

obtai ned, which 1s certaln ultrafine as a single

cohju@ite fibeP8pRISng FOVIMASgy hhs BAPMNa3RnASSE s fibBAkineness
the obtained single fiber fineness of the ultrafine

of P INGtede®quiivadsht 1o LAlLbtdr dfEr At Hi)Land itheftg6iciREs BYt had a

sufficient level that can respond to the above-described needs (Patent

Literature 1).

Also, a method for obtaining an ultrafine nonwoven fabric made of
polymer blend fibers has been described (Patent Literature 2); however, a
single fiber fineness obtained by it is 0.001 dtex (equivalent to a diameter of
‘0.3 ¢ m) at the finest level, which has not also been a sufficient level that is
able to respond to the above-described needs. Furthermore, an abrasive cloth

with a single fiber fineness of 0.3 dtex or below using polymer blend fibers

has been disclosed (Patent Literature 3), and the literature has also
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5 di spersion of an island polyner in the polynmer blend
fibers, and since, in a polyner blend systemused in
Patent Literature 3, the dispersion of the r island
polymer is not sufficiently carried out, a single
fiber fineness of 0.0003 dtex (equivalent to a
dianmeter of 0.2 /.t m and that of 0.004 dtex
(equivalent to a dianmeter of 0.6 9 n) are m xed,

desesibbd kRS 4 Birfklb Hhee fiYRNkaS bOM 0003 Atst (hBvaltlt td Beliameter
fineness in obtained ultrafine yarns. In addition, in

ofte gank caheiee obhifited Whicleds fcrtaikly ahpyenslescs iddegle fiber
surface abrasive cloth for a hard di sk, abrasive

fighadsBs Harael, e kY fa0sdrdesedbéd eha@nthd@baimed ¥ihele fiber
cloth due to the Ilarge variation in fineness, and

fiworsegfiehd hitrhfiae granas dasdasiend ihPatwmeiliesnatiubas is decided by
snoot hness of the surface of the hard disk is rather
dispaiwivedof 45 idlradwhlymerain thet painerdgynd diberakand sidbe, in a
fibers conprising a nonwven fabric finely thinner,
padymet ddend sgyistern ngsdvh sn lRetenat bitewtireg 3, aheedispersion of the
. recent years . This is_a technology in which a polyner
islapddradwale xinphsafficidngdy caimjedouts ol singlerfikerdfinérsss of 0.0003
extruded froma_spinneret, and_in the process of fhis

dtgx (epupplent goa; digameter 660& 4 m) padshed of 0P texlequivalent

t housands | s inpressed to_the pqglymer solution,. an )
togdRmatBR P0G &) Wgééeﬁﬂi“ﬁ‘@ﬂyr@t HAAS AN BylaF g VATIgHOR i éysingle

S e o BAOE lg OL FciohoRoie i Whro they
bl j | fi fi f.th f 10-5 )
arf B 45, TH8 et b R e ap e uaraloth 3 sobard, disk,
t .to b i ded 5 whi i 1/ 100 . i
abfe Mihir ety b i B el o Boé AERuRE sl igie o the
it . i I I )
s Ul B0 0L 60 oo Bf HBELUPA 0P L BAR 38, B ot
th t fage of the hard d 'rathef reduced.
qPsido¥ @é&g%@%&g@r&m RGP (RS Go ! AAER ra0h @

wat er - sol ubl e PO owever, er nopl asti c

POl WERAwHRY, b%s %Stﬁﬁgﬁgﬁgg't o Jk itﬁes?ﬂb‘é?é‘t.c&nggﬂging a

t hen processe rospi nni ig. However,

nohoveRe hies HhdIed thiinkehe ahl bR BidepmniRe! WAB! bed?! attracting
40, 4585 (1999)"" (Nonpatent Literature 1), strings

attdiﬁio@ﬁler%bhfggﬁfge_ yarn parts are connected 5
t her ebet ween by beads (di aneter of approximtely 0.5

It THistibal tevh@oldis! rerhipkddbslyaartis dikssledy iBase Slectrolyte

and therefore there has been a | arge
solution and then extruded from a spinneret, and in the process of this, a
high voltage of several thousands to thirty thousands is impressed to the
polymer solution, and then fibers are made finely thinner by the high-speed
jet of the polymer solution followed by bending and expansion of the jet.
Using this'technology may enable a single fiber fineness of the order of 105
dtex (equivalent to a single fiber diameter of several téns nm) to be provided,
which is 1/100 or less in fineness, or 1/10 or less in diameter in comparison

with the conventional polymer blend technology. A polymer that can be

subjected to the technology is mostly a biopolymer such as collagen, or a
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variation in single fiber fineness in a nonwven
fabric in ternms of an wultrafine fiber nonwoven
fabric. For this reason, an attenpt to suppress
generation of beads to thereby uniforma fiber

di ameter has been nmade; 10 however, the variation has
still been large (Nonpatent literature 2). Al so, a
nonwoven fabric obtained by the electrospinning is

w e??é!o&ﬂ:qe 3§()t1¥1‘f1\é?p96@541%2 r e?he‘i' &M B%)Errﬁ&e nP6€ Hssolved

and t ore resulting fiber _
inagd B%ﬁ sbBved®ito Ve %ﬁbf&@@ééd&’bf M8 el dtbdPinhihg M Mbivever,

cases and its strength Ts also l'ower than that of a

ascqaagemérpra@lscﬁgm\qylerﬁhé AR urdS“MAlvalern e BOE585 (1999)
cau3|ng a arge imtation to an appllcatlon

(NdpatoERbrathite 1308ring@rthat Bee aleafiheSRrAPa g his&nected
has had a big problemas a producing nethod, i.e.

thebeiegwharebpeboady ddianstdrhaf #pmozamatels O uutmhgthat are
nonwoven fabric is as small as approximately 100 cn®,

padydlep padiddé ipairts/in snaty wasds, anelvtrarbfoye diwredrashiveen a large
that is considerably | ower than that of conventi onal

vazintied tins pinghé ngoerT iereeebhavie Aunohwoviseefabpicolih efesms of an
that a high voltage is required, and an organic

ultwsfinen fiban chaxiwoveni fabyar Ker fthisaredsen; kan @ttempd $o, suppress
a nmethod for producing an ultrafine fiber nonwoven .

gengpatien of b tal therakyi unﬁpng @eﬁbem dtametary hps hegn made;

been known ( Pat ent therature Mor e speC|f|caIIy,
hawgver, thevagigidan das ﬁtﬂ hﬁﬁltlﬁrge Eh?&ppﬁgentdémamr@
puI is 25 appli ayon to thereb

" Risppa OPEY G5 bataing 'ﬁ%ﬁ@e 1pRing is PI%Vlded by

r oxi mat el 00 tao 300 nm fined,fiber
evaflﬁratm Fopusdent facte BbedtS, Al dipeatedion dpiJhsrere o

re%éﬁg}ﬁ%”ﬁ%%ﬁfﬁ%%r i phE e etign g, G?H%t%ﬂ%%# iy qmany cases
%oﬁj{?‘%’% uﬁﬁgg \e[gwéﬁ gﬂ? tﬁg‘g of ! a(p ned 1o$. Iﬁ%%%ﬁdfabnc,

een POSSI
wlgfcﬂ%atv% Bl Lgﬁlas%xg gggwﬁg@&@%&,@ghﬁﬁnﬁgﬂl 8 gite%!l Bhhent. In
adﬁ?ﬁénh@ﬁe b (%%agg %Hf% BatiSa g%ﬂ)@h(lh &0 'Epﬂﬁﬁl‘iilcmg

m crofi gat es whereas t synt hetic

m@ﬂl Mgl dﬂi%%e ve én Eﬂﬂﬂleﬁs Ha®a sfZeWf 4 réddletisUhSnwoven

fherefore eati ng does not cause fibrillation
fapﬂt: isPAd KRId1Z 3l l%dxﬂmﬁﬂélyt 100 cnf2t81 pkbd@stakiby €5 4t most
or

descri bes a netho
several grams per hour that is considerably lower than that of conventional
melt spinning. There have further been problems that a high voltage ié
required, and an organic solvent and ultrafine yarns float in the air.
Also, as a method for producing an ultrafine fiber nonwoven fabric, a
procedure utilizing cellulose fibrils has been known (Patent Literature 4).
More specifically, this is a procedure in which a beating technique for pulp is

applied to cuprammonium rayon to thereby fine the average diameter of

fibers down to approximately 200 to 300 nm, and then the fined fibers are

arranged in a mesh-like form on an ultrafine fiber nonwoven fabric made of
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i nduci ng acetic acid bacteria to produce cellul ose and
then configuring a 10 structure in which cellul ose
nanofi bers are arranged in a nesh-like formon an
ultrafine fiber nonwoven fabric made of polyester.

I ndustrial utilization of the nethod has been
difficult, however, since the productivity of this
method is too |low. Meanwhile, cellulose fibers as

Pog%%%litﬁg%%%\fﬁlamgmﬂaﬁhe probl emof 15 their

ssen avi-ng poor dinensional stability due to

th%{%g‘?&nc%hgf beﬁﬁtn%r t%{:}ﬁﬂéﬁu%t Uitert ThEY h&E conventionally

nanof I bers nade of a-syn c polymer having good
‘ﬂﬁﬂ% | ol L Lhot, B8 ible to fi
esgaie u (Iglg gqﬁ%{rﬂﬁl&asﬂo}g%%ﬂ [ ﬁéé[gﬂgiétrh I%@%g%fnti onezll()pobsesgt ?ng ne

a ﬁ%ﬁeﬁg YRlymeP8ath Be P,@Iy%@t&e& N¥Ibh AR & fsfdif@eter of 200 to
ia which is ik

net ers, ely to cause 20 nonuniform

300008 K} BEREAE SThid Khd hiheheagisa cRllatedys erigihdly thaposed of
cellul’ose frbrillation has been required. :

mitdsiNET BREfogabs Wldresd Oled syatlatid polynidrededendvichhve such a
resi stance, thermal resistance, affinity with a

clexrffloril straothrehmd thezefofre the bahting ddesarst chuserfibyillation but
into a nesh-like structure, a nmethod for producing the
pulesfizatitee. dhr addition, 2Batortp bsedatirendndestubes madeetdiod for
a synthesis polyner that has a wide variety of types,
indneingadeatic aeld ﬁbo@eia heprodeee roeuuﬂasedanﬁsth@@s@qnf?@mng a
above, an attainment of fibers to be referred to as _5
stiuotunoin ekich cpHulasemansfibers are varaegesd x;hatrwésls'hgﬁ dorm on
or_ polymer used in the _productjon, can _be widely.. .
argplirafige fibar aeneoype dabis masle ofﬁﬁmtpr-\laﬁiua‘%rﬂaﬁﬁﬂ%zatm of
singl.e fiber finenesses and hayve an extrengly s |
thejmgfod havbeen dHbeult, RoNgEet, gEPer Ppage sty od ghus method
. order to performnore precise polishing, it is

18 eRyifi¥-ed that the fibers conprising an abrasive cloth
be f.i ner .i

e e AR A ok 50 st B S ot o
g, RN $oht BHRRcPBE A Yo 8y B8 of
willL R L DR LN SR ARE oS fib8rd 6 FPIAS LS HR R ME! Bl ving
good dimensional stability have been required. |

Also, cellulose fibrils obtained by the conventional beating technique
cannot be produced with uniform fiber diameters, which is likely to cause
nonuniform pore diameters, and therefore a procedure other than cellulose
fibrillation has been required.

Furthermore, also in order to control the chemical resistance, thermal
resistance, affinity with a support, and the like of ultrafine fibers forming
into a mesh-like structure, a method for producing the mesh-like structure
composed of nanofibers made of a synthesis polymer that has a wide variety
of types, instead of cellulose, has been required.

As described above, an attainment of fibers to be referred to as
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10 polishing is set higher thereby enhancing contact-
bet ween the abrasive cloth and the polishing target
has commonly be used. However, setting the tension

hi gher causes probl ens such as reduced stability
during processing and elongation of the abrasive
cloth sheet. This in turn may lead to other problens
i ncluding the occurrence of defects such as scratches

e R S o BB BR bR S pgTEDE L2E8 i the

PRGSO R ARUR b VRIS o B T A p Ffdtion in

353003 5AEn 505 R T B8RP “GAAR B i, famoter
exam ned Publication No. Heil O-53967 Patent

U
haﬁi egpa’ieﬂ}lérp‘gt' Japanese Patent Unexani ned Publication

eSS HRITR T AT Al U3 BR e

. it : ' A; 9
A48 3088 e A B

softel) SHOSIHIRH e | BURNH A QRJiRST sAEht Be cRIthS eRbwever, is
Invention 1s to provide a novel abrasive cloth having

cofrepbh8MelP b ASHI I N ehATingle ih Yriles t®¥bedinnuEAsiend polishing
el ongation of the «cloth during polishing by using

ratélPs peecirednnahad {18y ferlidon AGpiednidl the @hraaiveatlothn during
in single fiber finenesses. Also, another object of

polizimy essstthichve tidreby iehhamciigeorteactbeivween theedlbradive cloth
for producing a nanofiber structure, by which a ]

arbtiof pdléshiagrtardairtas cononpnlysbagsediidowbeers setditeg Hie tension
thernopl astic polynmer that are readily arranged on a

highpp@atises mrotksns sdcheah reilikeed stapilitnrdwing rgaessing and
10 In order to solve the above problens, the present

elomgamen of thmmbirssive eloth fehaesnilitus dontigurmay olggd to other

problems including the occurrence of defects such as scratches on the surface

of the polishing target. Therefore in order to prevent the above problems, the

attainment of an abrasive cloth that can resist such higher tension has been

required.

Patent Literature 1! Japanese Patent Unexamined Publication No.

2002-224945

Patent Literature 2: Japanese Patent Unexamined Publication No.

Heil0-53967

Patent Literature 3: Japanese Patent Unexamined Publication No.

2002-79472

Patent Literature 4: International Published Patent Application No.

97/23266 pamphlet

Nonpatent Literature 1: Polymer, vol. 40, 4585 (1999)

Nonpatent Literature 2: Science, vol. 285, 2113 (1993)
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(1) An abrasive cloth conprising a sheet-like materi al
having at least in its part nanofibers made of a

t her nopl astic pol ymer, the nanofibers having a nunber
average single fiber fineness of 1 x 10-8 to 4 x 10-4
dtex in which the 15 sumof fineness ratios of single
fiber finenesses in the range of 1 x 10-8 to 4x 10-4
dtex is 60 %or nore, wherein the stress at 10 %
elongation in a longitudinal directionis in the

Digelagaressf Investiobo N cm wi dth. (2) An abrasive cloth

¢ SKp SPicth Sh4R? BEP e HateBHOR Brie OBt G b oG ppive cloth
hayiBe AP IR gRng Sharacielisties BY SoLorearie FiRrigh of tbe
clo LR tERE i vpis SgTselentol pagofiPers HGHEE 3F Smal
verBHgin B Rele BPPEBBRBETRE™ n the range of 5 to 200

S B IPRSERR I b yi0e . v
0 LSRR S AP i

cof:sé:)riéliﬂg Fe mla@khof @SPHdrBRfblAsti@mblPRAer Ghat here readily
above (1 I

o
to (3), 7 wherein the sheet-1ike materi al

' af PONPH b siralrrhesh-(ikb 018, b Beipredaded. h
argégg‘?(?gréd Si]%pgny one gf t he Sabolve (1) to (3)p?t wher ei n

t helrs baRt-tol dedverahe abave ipgoblaes, dhe prevaenivention copbprises
The abrasive cloth described in any one of the above
thebllbwinSgonfigurakidnel n the sheet-1ike material is nmade
of a knitted fabric. (7) The abrasive cloth described
i N @rrosteraeivet detlnbmuprising 4 shédylike wirgeriah having at le@st m
S between a val ue of conpressive elasticity of the .
its pertt nandfderameadadf atbermaplastid polyroen thgmempiikaes havinga
that under a load of 0.5 Kkg/cnR2 is 4.0 or less. 10_.
e hverdgesngle Gbex inenessrofbbd 10F tond xoHE* dext jpwhich the
above (1) to (7), _wherein an abrasion resistance "
swoef f ifuicanss vatiohef snela fibendinerasses i therapgegf 1 310° to 4x
| ess. (9) The abrasive ¢loth described iri apy ?ne %f .
1Qhaltenggeb 2 o% mene, wherein the stress at 10 % elongatfion in a

longitudinal direction is in the range of 5 to 200 N/em width.

(2) An abrasive cloth comprising a sheet-like material having at least in
its part nanofibers made of a thermoplastic polymer, the nanofibers having
a number average single fiber fineness of 1 x 108 to 2 x 10°* dtex in which the
sum of fineness ratios of single fiber finenesses in the range of 1 x 108 to 2x
104 dtex is 60 % or more, wherein the stress at 10 % elongation 1n a
longitudinal direction is in the range of 5 to 200 N/cm width.

(3) The abrasive cloth described in the above (1) or (2), wherein 50 % or
more of the nanofibers in a single fiber fineness ratio falls within 30 nm in a
single fiber diameter difference.

(4) The abrasive cloth described in any one of the above (1) to (3),
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wherein a surface roughness val ue of the sheet-Iike
material is 100 ft mor 15 less. (10) The abrasive
cloth described in any one of the above (1) to (9),
wherein a surface hardness val ue of the sheet-I|ike
material is 20 or nore. (11) The abrasive cloth
described in any one of the above (1) to (10), wherein
the sheet-like material has at |east on its one
surface a napped 20 surfac nposed of ihe.
Wheneht tlb%ﬁbeetplﬂsr) mpytarigh ey C@@o?%l‘&%‘é?&‘r faé’éﬁf in any

a6y (The ALY S8HORPLL fRyAIon 2Re g BEPEe 15 Yo )
whdiger Pheabset BFEtBape! i BRte gl SPron eﬁ%Lﬁegs

t hu@Eﬁ‘é‘%@gﬁf‘l‘%ﬁé I BEGia o™ ghBs Bhe PRl O(fH]a“’ @,
wheel] i€ shof s BRAEHAT Y AR Y ARG R b 000 D

spta(ﬁ? T S'a%?a&lag rc? d@@éjﬂwf i@pﬁ“‘?ﬁ ond of ERE %ﬂﬁ% ) to (6),

yheric el astone e abrasive cl ot

Wﬁtr?‘x%‘fl? erd xJaP,lot Ige b%mgﬁré (34)a1uph @F EdgnpReBsivR0 |eYa['&{d1ﬁ3r of the

onmer 1S polyuret 5 (16) The abrasive cloth

sh@@t‘ﬁﬁ{bt}ﬁg}:éﬁ‘alt ﬁﬁd@ba\asa& Je‘f)() prkg((éﬁé an#h@egivmder a load of 0.5

content o he polyneric elastomer is in the range of

keOnt %5 80 Miefs.of a fiber weight of the sheet-like
material. (17) A method for producing a nanofi ber

St (YT abwhsivei dloth dapefib&trin g peisoDdihé izhove (1) to (7),
whi ch nanofi bers having a nunber average di aneter of 1

. whérdin ablbrasionsigdrcotoatfitient b phasheat-Iplod yragerial is 50 mg

di spersed in a dispersion nediumis attached to a
ordggport, and then the dispersion liquid is renoved.
(18) The nethod for produci ng a nanofi ber structur

des(® i Dzl abmasive claﬁb\d@scllb? inhaneionet pf thariﬂ?qu@eE]Q to (8),
made of the thernoplastic grrer have a nunber
whereingesaifaperenglyiess ‘taduemxf thenshest-fikg)matrrigptsntR) #m or
) for producing a nanofiber structure described in the
ess.
(10) The abrasive cloth described in any one of the above (1) to (9),
wherein a surface hardness value of the sheet-like material is 20 or more.
(11) The abrasive cloth described in any one of the above (1) to (10),
wherein the sheet-like material has at least on its one surface a napped
surface composed of the nanofibers.

(12) The abrasive cloth described in any one of the above (1) to (11),

wherein the sheet-like material is formed in such a way that nanofibers are

laminated on a support.

(13) The abrasive cloth deseribed in the above (12), wherein a thickness
of the nanofiber laminated layer is 70 % or less of a thickness of the whole

sheet-like material.

(14) The abrasive cloth described in any one of the above (1) to (13),
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above (17) or (18), wherein in order to attach the
nanofi ber dispersion liquid to the support, the
nanofi ber dispersion liquid is sprayed to be thereby
attached. (20) The nethod for produci ng a nanofi ber
structure described in the 20 above (17) or (18),
wherein in order to attach the nanofiber dispersion
liquid to the support, the support is inmrersed into

wARE LA BE i Eh S RtaRan s o sk, B F g g space i
. The net Eod. ﬁor roduci € nanof i ber structure
impregnatgd Fith & R Y%ﬁ}‘gﬁ,gl%f °A€r (18), wherein in order
t h t fi di i | i guyi t .
suddol iy abTaRRET elodR dPARREIR"He, dtighe o 00, b Bin the
h t. (22) {h t hod f duci fib
oled B ek 3Fball B one of the above (17) to-
(2108 18! Gy DR HSURREN iy e UARALT0 4 BF (SHPRAErein a

produci ng a nanofi ber structure,

coig‘tb%%.tfghggi&?%ﬁl%?fc lab@¥ 1%isan THERSH B R 0GR 60 BT a fiber

m and made of a thernoplastic polyner

W@Fﬁt OF aReLISRY 151k fdbSAer si on mediumto thereby
p

epare a nanofi ber dispersion liquid, and then the

nan@f) RshethcPRr ProQuling HHhAofiBersstRhefiiredwherein a nanofiber
papermaki ng with a use of a porous support as a base.

di%[?e‘l‘)sioﬂl Wt IRORh i ndiefihiss havindarair ber asdrage idiameter of 1
escribed in any one of the above (17) to (23), :

to\§0oreh Al pedeasttar ddroropidstidwolparefdrbelisperced imianidpersion
in the nanofiber dispersion liquidis in the range of

mOdid@dDis dtathedto WsubPor Andihenrtbiertidpésiopiquidiaxgngoved.
nanof i ber structure described in any one of the above
( 1718} The2B)ethoh dox produdog cenanefibeinsucture described in the
nanofi bers contained in the nanofiber dispersion -

aboveg 1D, mhergin the nanefibers madwaf the thermoplastig pelyger have a
The method for producing a nanofiber structure

nufaber avrudgesliametensf be 280 nthe above (17) to (25),
V\/ng ein_a concentration of a disp {)sant cont gi ne
t hel Pg 8

Ak mether Jprpsediripe qupanPRbenh strete, gfegibed’in the
abc())'vg (8%%1011‘: 818%,0 Wh\gtréi(;/{) in order to attach the nanofiber dispersion liquid
to the support, the nanofiber dispersion liquid is sprayed to be thereby
attached.

(20) The method for producing a nanofiber structure described in the
above (17) or (18), wherein in order to attach the nanofiber dispersion liquid
to the support, the support is immersed into the nanofiber dispersion liquid
to be thereby attached with the nanofiber dispersion liquid.

(21) The method for producing a nanofiber structure described in the
above (17) or (18), wherein in order to attach the nanofiber dispersion liquid
to the support, the nanofiber dispersion liquid is coated on the support.

(22) The method for producing a nanofiber structure described in any

one of the above (17) to (21), wherein a porous support is used as the support.
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(27) The nethod for producing a nanofiber structure
described in any one of the above (17) to (25),
wherein a concentration of a dispersant 20 contained
in the nanofiber dispersion liquid is in the range of
0.0001 to 5 w.% (28) The nethod for producing a
nanofi ber structure described in the above (26) or
(27), wherein the dispersant is at |east one type
selected fro the group consi sting, of ,a noni onic
at (38 SamethomformoRRe & JEneRHET Sttare, Ry papefibers
di.spersant. (29) The t hod for. produci a nanof |
hayinhct RBEReS AR (REteTa ot 8 ?%8%:‘?5]%%& P of a
otential of, the nanof.i ber falls wthi he r e
thppoR alsgi°+801¥ﬁ?eraﬁﬁet PErE 'elpsgnmspgrélﬂé ﬁloeg?%%i EOOfthereby
di spersant . .{ 30);. The .enui.si.o iLhed | :
prenafe nnnapaiihe Ao B Rk SREHhEHCHe, AghBELEr Mpersion

e € nano
. | . - 100 -
i PG e AP gfing w783 DIE 4 PR ek DB base.
o ORE T BE B B RN o o b SRCA e in any

on%agpfthgedcpo%cwst&@&'w vAheir$ a RehcdMELtibRadT R0 nAMofibers
and the di

spersant is the cationic dispersant. (32)

BBtiothd Qb nBiPEL Aidp@rdicnaN@hiddRy i thelGhuge of 0.0001 to 1
cogtekggri bled In aﬁy one ng@rt ﬁe gg%‘ve (126) to (%1),

wiierei n a nol ecul ar wei ght of the dispersant is } 10
In the range of 1000 to 50000. (33) The nethod for
pr o@ekiMe meihod fobprodicing taunencfiisar stradtire desgribedan any
of the above (17) to (32), wherein a fiber ratio of
ortei 0fylthe f abises (XONtal2@] whereilen wancéntvetion aefdthenanegbers
within a dianeter range nore than 500 nmand not nore
cohb@imed im thé salofiber dispessionsliqaid) isThetherange ©6§0.001 to 0.1
produci ng a nanofi ber structure described in any one
wbte.t he above (17) to (33), wherein the support is

conposed of at |east one structure selected fromthe

gr g&ﬁ) ddres mstthod for prodignng veRanalber: strysHEe, dedsc?b%aéﬁ any
01{9213%@9031)53;%1%9 tfoa ég)?'wﬁgr%ilg og nc]:on%g&?r%ttio%f 0 hz? dispersant
contained in the nanofiber dispersion liquid is in the range of 0.00001 to 20
wt.%.

(27) The method for producing a nanofiber structure described in any
one of the above (17) to (25), wherein a concentration of a dispersant
contained in the nanofiber dispersion liquid is in the range of 0.0001 to 5
wt.%.

(28) The method for producing a nanofiber structure described in the
above (26) or (27), wherein the dispersant is at least one type selected from
the group consisting of a nonionic dispersant, an anionic dispersant, and a
cationic dispersant.

(29) The method for producing a nanofiber structure described in the

above (28), wherein a zeta potential of the nanofiber falls within the range of

10
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20 According to the present invention, an abrasive

cl oth having excellent polishing characteristics can

be provi ded by suppressing el ongation during

pol i shing by using unprecedented nanofi bers having a

smal | variation in single fiber fineness. Also,

according to a nethod for producing a nanofi ber

structure of the 25 present invention, nanofibers
B v bl 3RLANANLS, HISTIRRIAS LG crDghy mer can

readi I'y ’be arranggs I'na desired mesh=1Tke formon a

su | r f] 0 -1.he .

St rog) dbe RERed ledcifhdt SEUE aRRv0e, DHPRh Hltp potontial

OfBH}%EPgﬁgﬂH&I 19/ by 1880 h—?‘@b AV DECHEEIGH 95 mV, and the

ens in the process of production. Brief
di EhPid B RhioHiAWsPEfsalitd- 1 Is a TEM phot ograph

show ng a cross-section of a nylon nanofiber, 5 which

i S @18 Thea iRt Bo®@ o pReNRihP Y nahofiber BARRARMe described in the
invention. Fig. 2 is a TEM phot ograph show ng a

aboi8 285 6fhéin @f zataPPdteitial F tRY ndridfider Wxe6eds+5 mV and is
Exanple 1. Fig. 3 is a graph illustrating a variation

ndtmérHam 100V, fambtiesdisporiagt isahethatienk: dispdusanpl e
1. 10 Fig. 4 is a graph illustrating a variation in
si @k Thebrrethod dmeprodarcimg a nanefibdresisucturExdesptibed .in any
Fig. 5is a graph illustrating a variation in single
onei dfdhefdlmend86) an(31g, wheteain ammoleculabwesghtrof the dispersant is
~ Comparative Exanple 1. Fig. 6 is a graph illustrating
ingheaangeiofA00A tei50§0B. f i ber fineness anong 15 ultra
mcro fibers in Conparative Exanple 1. Fig. 7. is a _ .

di a@BAr’n“hq method formpradusing ai nanefslen sfauggwg degcribed in any
ex les. Fig. 8 is a diagramillustrating . .
or@mafggé above b0 tos2h avhargippdberpagio of singly ﬁiaea@mﬁamed in

illustrating .awi ng. machine used in the Xa S.
the amqfiberg %néi_a %iﬂénggv&hm P dameieT AgnEe gﬁ?wnﬁwglngbs nm and
ndlBSote hats 9000 1 SUREIEY ve Bxanple 1.

(34) The method for producing a nanofiber structure described in any
one of the above (17) to (33), wherein the support is composed of at least one
structure selected from the group consisting of a nonwoven fabrie, paper, a
woven fabric, a knitted fabric, and foam.

Effect of the invention

According to the present invention, an abrasive cloth having excellent
polishing characteristics can be provided by suppressing elongation during
polishing by using unprecedented nanofibers having a small variation in
single fiber fineness.

Also, according to a method for producing a nanofiber structure of the
present invention, nanofibers made of a melt-spinnable thermoplastic

polymer can readily be arranged in a desired mesh-like form on a support,

enabling the production of a nanofiber structure comprising intended

11
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Fig. 11 is a photograph show ng a SEM observati on

result of a surface of a nanofiber structure in

Exanple 29. Fig. 12 is a photograph showi ng a SEM

observation result of a surface 25 of a nanofi ber

structure in Example 42. Fig. 13 is a photograph

showi ng a SEM observation result of a surface of a

nanofi ber structure in Exanple 43. 12 5P Explanations

of nunerals 1. hopper, 2: nelting section
caspbﬂﬁmgwmlbbxgh PEC CLYHyIRRA GV ibRWE aBy ogﬁlﬂrﬁﬁe?eepf preplems

chi mey, . yarn, 8: collecting/oiling guide, 10 9:
1n¢h¢§@0%ﬁ%éfmﬁod%ﬁWQﬂ 10: second take-up roller, 11:

wound yarn, ﬁ metering section, 13: discharge hole
Bm%ﬁﬁ?ﬁﬂﬂﬂﬁylﬂ DrﬁW§&ﬁbrge hoIe di aneter, 15: undrawn

yar f roller rst hot roller 18:.

T R TIEH Bhot Oatﬁpilashm%a il spOpEghp nvlon nanofiber,
ar.n t Wi.n- scr.ew

ngg rlg E.}?ltﬁ érx%qg]ala é)? a nano\ﬁ%e of the present inlvartisy”
Fig. 2 is a TEM photograph showing a cross-section of a polymer alloy

fiber used in Example 1.

Fig. 3 is a graph illustrating a variation in single fiber fineness among
nanofibers in Example 1.

Fig. 4 is a graph illustrating a variation in single fiber fineness among
nénoﬁbers in Example 1. _

Fig. 5 is a graph illustrating a variation in single fiber fineness among
ultra micro fibers in Comparative Example 1. |

Fig. 6 is a graph illustrating a variation in single fiber fineness among
ultra micro fibers in Comparative Example 1.

Fig. 7 is a diagram illustrating a spinning machine used in examples.

Fig. 8 is a diagram illustrating a spinneret used in the examples.

Fig. 9 is a diagram illustrating a drawing machine used in the
examples.

Fig. 10 is a diagram illustrating a spinning machine used in
Comparative Example 1.

Fig. 11 is a photograph showing a SEM observation result of a surface
of a nanofiber structure in Example 29.

Fig. 12 is a photograph showing a SEM observation result of a surface
of a nanofiber structure in Example 42.

Fig. 13 is a photograph showing a SEM observation result of a surface

of a nanofiber structure in Example 43.
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22: chi p wei ghing device. Best Myde for Carrying Qut
the I nvention 25 An abrasive cloth of the present
i nvention and a nethod for producing a nanofi ber
structure of the present invention will hereinafter be
described in nore detail; however, prior to the
description, definitions of the term 13 "nanofi ber”
to be used for descriptions of both inventions will be
explalned or Although nanof i bers thensel ves have
il am : @raltce between both inventions, they are
deflned as having a slightly different neaning
1: hieppebet ween in the present invention. 5 In other
wor ds, when "an invention of an abrasive cloth" is
2: sealbingfeationer ei n, a concept of the nanofiber refers
to . a fibher having a single fiber dianmeter of 1 to 250
3 ﬁﬁﬂvpﬁgﬂﬂgﬂ%ase of a nylon 6 fiber (hereinafter
sonetlnes referred to as N6), 1 x 10-8 to 6 x 10-4
4 gPERINgMAREyver . when "an invention of a method for
produ0|pg a nanofiber 10 structure" is described
5 KBSV concept of the nanofiber refers to a fiber
6: h Vlnﬁ a single fiber dianeter of 1 to 1000 nm (1 u
"HPMRRE difference between the two definitions is
7:a%§$ciated Wi th a point whether or not nanofibers
t have a single fiber dianmeter nore than 250 nm

8: %Qﬂe‘%tg??/ ]_{}%:%&1%0 nmare included in a parent

a 15 single fiber fineness of a

9: Iﬁ}g@%ﬂ:@ﬁ" Bller a single fiber dianmeter of a nanofiber"
is ca as t he average val ue of neasurenent

10 abstsisd fde-apebilph e fibers in the description of each
i nventi on. at is, in the case of "the invention of

112y ARidgame Cl ot h", they are not included whereas in
the case of "the invention of a nethod for producing

18 maeefidasct®inl ucture”, they are 20 included. In any
of the present inventions, a primarily comon

13 sksohpireeholslenighht t he concept of the nanofiber is
essentially a general termof a fiber having a single

14 idisvhadcaieiediaghetert o 1000 nm (1 a m); however, in
the case of "the invention of an abrasive cloth", a

1&tumdrawmayafeat ure as t he abrasi ve

16: feed roller,

17: first hot roller,
18: second hot roller,
19: third roller (room temperature),
20: drawn yarn,
21 twin-screw extruding kneader
22: chip weighing device.
Best Mode for Carrying Out the Invention
An abrasive cloth of the present invention and a method for i)roducing a
nanofiber structure of the present invention will hereinafter be described in

more detail; however, prior to the description, definitions of the term

13
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25 cloth can be clarified by a discussion based on the
aver age val ue obtained by wusing fibers each having a
single fiber diameter of 1 to 250 nm(in the case of
N6, 1 x 10-8 to 6 x 10 -4 dtex) as a parent popul ation
in order to performgood 14 texturing w th higher
preci sion, rather than by a discussion based on the
aver age val ue obtai ned by using fibers including those

each having a dianeter npre than 250 nm and |ess than

“nanefbermtodre nerd Erndascriptipnsseinrathi wea@oew@hg‘?e efiﬂ@lmed-
i.nvention qf a thod for, 5 producing %fnanofi b%r both

Alghqugh magofibers themgelvigs chave admopt mop difergnes, betyeey bo

PR RO Bl A0, e ARSI kBT Ygprent. meaning
di aneter, .anﬁ a technical .feature can rather be
th%*’%‘*f“‘ﬁ’?%‘&l“ﬁ)‘} ¢ RECSCHLIRYRLIY based on the average
I bt ai b ing-fibers ipcluding. t , .
i ofhas GG, o ai® ettt o o ine, OPRE, 88 ftkoribed
1. F 10 _Ho [ ' h i 20, |
b G SREEEYC e WaPRTs0PRCtp JLB0: ile | X8e S
a4 02 il MRRRAR bPRSIAAE ey ometimes

re%gg%j{}?g{éﬁlﬂ;)algﬁgigﬁg LH-edtdan 250 nm and |ess than

nmare in and that where they are not

| notydeder, Tited @25 0RvbALbAMNE a aREtHd R pRddrPReseAbliber
invention, the fibers each 15 having a single tiber

stFl@URYefs 18R9edl hdrdif, 450rtghtan the nadiley wiféwi tred fiber
and nost of fibers fall within the range, so that the
havanh € atsipgleullRir dianidter 5D ttb M 000aitni(kduhy).such fi bers.
On the assunption of the above, the description is )
hershe differenpe beteedn the o defipitiend is assacereilrwithna point
of the abrasive cloth of the present 20 invention is
whéthier torenathmasifiters [thah haoepr siwde dibehabametsemore than 250
material having in its part nanofibers that are nade

" nmfamd tlhey tiogh SO00c npolayesnchidedhiive pareninpepulafiepagden “a

single fiber fineness of 1 x 10-$ to 4 x 10-4 dtex in "
singledtbertfineneanpba Hanebiber’sor a siaglofiber digraeter 9€p nanofiber

finenesses in the range of 1 x 10-8 to 4 X a_10-4 dt ex
Bg%l}ltmie fibers

isicelopdatprlons ther average Nolee phmeagyremaant vales

inttrlllg ers(ce:ls'i%[c]itoni or%Veearg:thi icl)lr\]rén%:ircl)g. q‘%g%fi‘is,bi%rthe case of “the invention of
an abrasive cloth”, they are not included whereas in the case of “the
invention of a method for producing a nanofiber structure”, they are
included.

In any of the present inventions, a primarily common assumption is
that the concept of the nanofiber is essentially a general term of a fiber
having a single fiber diameter of 1 to 1000 nm (1 £ m); however, in the case
of “the invention of an abrasive cloth”, a structural feature as the abrasive
cloth can be clarified by a discussion based on the average value obtained by

using fibers each having a single fiber diameter of 1 to 250 nm (in the case of

N6, 1 x 108 to 6 x 10 4 dtex) as a parent population in order to perform good

14
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refers to a single fiber having a dianeter ranging

froml1l to 1000 nm (1 m; however, specifically and

nore preferably, a fiber having an average single 15

fiber diameter of 1 to 250 nm(in the case of N6, 1 X

10-8 to 4 x 10-4 dtex) is wused as the nanofi ber.

Morphol ogically, it is a general termfor al

including single fibers conpletely dispersed, single

fibers partially bonded, and a gre%ates_(such as 5
tesiirane yith rhighee precipions apthey Bians Py digussian Eﬁ%ed on the

R Y Rneing SRR, Brfafind S35 SobhoBabins o
iAo b Bl A S By BB Treot Lhe b

o SBh 5 e Fieh TR, Bl 8 B BP EvBRAGh B Pbthod o
polBLERCh AR G BB LB OP RS shpesie
oeichlioBh o8 FREThATeFTIOET T P FRRERARAL bha P  fie
s, BT TERNE 9%, tel BnlP 1Efre MBASHt BoP be! dAfilied by the

Si e fi r di ameters. S tine,

di%déﬁ%fo% 835 bn P}?/é/itaﬁgre?gedkré tﬁﬁtaﬁfi&&flﬂri 08P GhefR #M&@uding

noved, and on ose eac aving a“di aneter of 250

tho8a £hdh hBGiHPS Bifthe ¥ ABrithdh %50 Ot aflid¥sd Biar@ 1000 nm.

specitic gravity of 1.14 g/cnB)) or less, i.e., in

t herrhwegsy, fih @R bkric@se Sthe?dlis abargadiiibiics dpheiduk dverage
be neasured. Also, in the case where each of

valasohhd Fistrilnaiond of the Adrofiteeetiniended int tid ptesbas imvention
nodi fied cross-section, a 20 cross-sectional area of a
betiwvegh eéhé iches wileré iths fiboeasavtehaviagh disanateeanome than 250 nm
defined as an area of a circle, assumng that the
arck loss thentli0o0 nmkeas iachdehafd thes wherecihey aZal nofliaciwlgd.
a dianmeter fromthe area enables the single fiber
di diile¢ eeasaroisthathbtetordihg Thehapeesens inypntions the Afpes each
fiber finenesses is obtained as follows. First, .
hasiing laesihiglrefibeli diranetes range o dstor 220 nan enw bgeesupdly obtained
place in 25 nmunit and the first decinmal place in .
anghatossfoft flbensi tatbmathin the sangr v that she mrgenk popylation is
integer. The single fiber finenesses are cal cul at ed
mf’ﬁéYrPfiqi@lQﬁlﬁ’glsélc flihs&p. di aneters, and a si npl e aver age

of themis found. In.the presenf . .. . . .
nt elassugllf)tgon ofnchte a%oee,etsh% ciescmptlon is hereinafter provided.

Firstly, a first requirement of the abrasive cloth of the present
invention is that the abrasive cloth comprises a sheet-like material having in
its part nanofibers that are made of a thermoplastic polymer and have a
number average single fiber fineness of 1 x 108 to 4 x 10 dtex in which the
sum of fineness ratios of single fiber finenesses in the range of 1 x 108to 4 x
104 dtex is 60 % or more.

Note that as described above, in the present invention, the nanofiber
refers to a single fiber having a diameter ranging from 1 to 1000 nm (1 £ m);

however, specifically and more preferably, a fiber having an average single
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16 invention, this is referred to as "a nunber average

single fiber fineness". One exanple of a

cross-sectional photograph of the nanofibers is now

shown in Fig. 1. In Fig. 1, a neasuring scale of 100

nmis also shown, and it turns out that single fiber

di aneters of alnost all the fibers are 100 nm or

below. 5 It is inportant for the abrasive cloth of the

present invention that,th nunber. _av al X

By SRRmetPBAESSOHE0 AEL iartbei BEPSLING b HE® T e 167 dgex) is

x. 10-8 to x 10,4 dtex (in the case of nylon 6 (a
u%éééitbiecm@% 8y of 1.14 g/cnB), equivalent to a

< Momepeigeicaflyonois 1r seariadi i oot o dnErars %?ngle”ﬁbers
co wﬁ@f@h hareed ngR s paebelitoiied RAjaRtety Gych o
b%@ﬂ%ﬁ)gﬁg“lg}% 48)}121%11%br%5 I%%{ljé: lﬁ%tgg’s hﬁ 2%}%55%)82 hlé;?i a fiber
1eg$¢g§$;g 2 G0l Glordt 39[5{)9@ 45cif bP L ANAR RGimite

her “inmproved in

%afﬁe Pes‘é’h‘: I}n%r}% e?ﬁgtj-é vaBy Qﬁﬂ%rfﬂtﬁﬁpof tHesingle

erage si ness 1s preferably

x 10 4 dtex (in the case of
ﬁgerr%&%ejs%\g(g%é;%ﬁﬁ??@aé? avity of 1.14 g/cnB),

eqUIN&@dee Rhnt Qe AoBidife® Hy Rrfelineiit &t Slrek bP MHofe NWhints a
nore preferably from1 x 10-8 to 1 x 10-4 dtex (in

rb&ﬁ:h%sﬁ athiel |208rRs GBcime ol fd shestalké n@feribl Ydbrasive cloth)
g/cnB), equivalent to a single fiber dianmeter of 1 to

cohOBining , randfibeid hés phafreedblthrolglomal. Gaxsilssion o ebectron
x 10-5 dtex (in the case of nylon 6 (a specific
miprasdopy (CEM) d¥a s28ngingdpctrenunicabsope (SEM)simbimmeters of
fi ber diameter of 30 to 80 nn). Also, the variation in
5(siargngorei singléi fibers sandomdy t smmpletbfarbempeasvoedr tei thereby
the abrasive cloth of the present invention is
measuneateldant tdtal bHRE0 sinplefibles dismeterss Adhis fimeefibers each
fi neness of each of_ the nanofibers in the abrasjve
hasting ha bliageter eerxdeedmgszﬁﬁ dfmt aeanrpmoyedopad enlyehhase each
(dti + dt2 + dtn). Al so, ﬁfrequenc
8

hmng@rdlametﬁaﬁﬁﬂmmﬁéébﬁ cna@p yloncfox 20; t@ﬁé" fatsgpecific
S 8 O 1900 L APrOUE! ety DM e
mao@ﬁsr%%@pazm@%ssﬁ%&% IRCENC S TR
cofniq)nr?snl%%S the P ne%rﬂ 11ke material has a modified cross-section, a
cross-sectional area of a single fiber is first measured, and the area is defined
as an area of a éircle, assuming that the cross-section takes a form of the
circle. Calculating a diameter from the area enables the single fiber diameter
to be obtained. The average value of single fiber finenesses is obtained as
follows. First, single fiber diameters are measured to one decimal place in
nm unit and the first decimal place in each of the diameters is rounded off to

the nearest integer. The single fiber finenesses are calculated from the single

fiber diameters, and a simple average of them is found. In the present
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all the nanofibers contained in the abrasive cloth,
and a single fiber fineness conponent having a | arger
fraction value nakes a |l arger contribution to
characteristics of the nanofiber abrasive cloth. 5 In
addition, in the present invention, such variation in
single fiber fineness anong the nanofibers is
obtained in a simlar manner to the above described
procedure for obtaining the average value of single |
inférntson, thiniederwed to a2 number ataragssingly fiber fgenesy- One
at three or nore points the procedure i which a .
example ofex ciosaseftionalhpletograeh phithei Ranqiiisrs ds yew shown in
cloth) 10 containing nanofibers at.least.in its

t
Figs 1ol Biseld a measiing sealerpin Usnenis alse shPwn: andif turns out
' TE i |ect i
thaEEee Ao SHATIHIETD PhalaPGRA Tbr SHGES AFY 100 RERGT DRPE
or nmore that are random y. sanpled d..t
t heitoBymRSAARCIOR th @hERdiyS Ry O HHe B R g W Htjqpopat the

e AR R RBE TS LR TS O e KU 00 b Epf efikdof 1x

ove-descr
f i ni; h S i<b 5
16 EE S 107 e (Pl i APfn i o Spelin 'y o 124 grom?)
t hat, 60, % or fy- i '
o it e OSREE A Ao e
3 l - . [ i f 3 / 1 c
e R R

pl%mlc?d %goﬁﬂzbeéon\ﬁ@ﬁ onal beABAR8dIRPE donfughteTeroépinning, and

nanof 1 bers eac aving a finenéss nore than 4 x 10-4

cal t%%?.d%_d’i?%fa)éi&%"él@ih havaRs 8 tedursRbinpAstels dfffdrene fitdny that
ultilTing the function of a nanofiber abrasive cloth,

oftthieScotRahtistal hbmsstablioth toy 0f abraxdue tlogh@niablingosrheothness
i mproved, and further abrasive grains to be unifornly

ofcahair@ Hisktte Hehfarahsihpeowddoih comparizon witheihieatsinventional
| ow 25 variation in fineness, resulting in_enabling

aliraeivendeth Mssnwhbar haerhgti sikglesfibéminenassie preferably from 1
significantly inproved. Preferably, 60 % or nore_ of

x 10 tb & =10 4fdtee festhe atseofmilbs 6iat specifiheravabigel bildg/cm?),
x 10-8 to 2 x 10-4 dtex (in the case of 18 nylon 6 (g

eqpiealenit ¢o gr singleyfidr diatdetgt ofid)to Eflnwal mere psefgrably from 1
single fiber digmeter of 1 to 158 nm,_ nore. 3)

x pPéfterlaplP4diex (anthe efselofaylon® (apspecifio grayity efl A g/om®),
the case of nylon 6 (a specific gravity of. 1.14

eqyligalent toaysing fher flé;lrge rmﬁ Ltg gg@ lnm)Y and tJilr%'her preferably

from 0.8 x 10'5 to 6 x 10 dtex (in the case of nylon 6 (a specific gravity of 1.14

g/cm?), equivalent to a single fiber diameter of 30 to 80 nm).

Also, the variation in single fiber fineness among the ‘nanofibers
comprising the abrasive cloth of the present invention is evaluated as follows.
That is, let a single fiber fineness of each of the nanofibers in the abrasive
cloth be dt;, and the sum of them be a total fineness (dty + dtg + -+ + din). Also,
a frequency (the number) of nanofibers each having a same single fiber
fineness is counted, and then let a product of them divided by the total

fineness be fineness ratio of the single fiber fineness. This corresponds to a
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range of 1 x 10-8 to 6 x 5 10-5 dtex (in the case of

nylon 6 (a specific gravity of 1.14 g/cnB), equivalent

to a single fiber dianeter of 1 to 80 nm. Stil

further preferably, 75 %or nore of the total

fineness ratio falls within the range of 0.8 x 10-5 to

6 x 10-5 dtex (in the case of nylon 6 (a specific

gravity of 1.14 g/cnB), equivalent to a single fiber
wedghtrBtastionf(valnme fegtion of pachkséngledihaspiingisss component to

polymers in the present_invention_ i clﬁ&e pol yest er

all( ther eannfiheas centanedan the pbragye clpthsapin) singly Ghex flueness

' Per ei naf

ol yolefin, and.  pol yphenyl ene sul fjde er ..
cogmq%gpﬁggavﬁ@g & Jzyl?gepy ragtn%/jpgﬁ u%ﬁgak%%?( agger con%nfautlon to

pol ycondensat i on polyners represented by pol yester and
chgmdraristes at e pap lﬂﬁréflg@éﬁf%eﬁﬁg’cause of their higher

" RS SRR B ool e oo
S o, SRR A . P om0
o REAELORLET B ES SRRSERE S B dal M e e
SBRBALAE! Y SR Bae RSl ond i e e

prg(?ézﬁiﬂetige%&wﬁy rBEs SORPY BB archtlifid BfatBihethbididde cloth)
0 not damage characteristics of the pol ymer. Still

i 1td34rlSs bhRrve® thiAgPRitRin@hissi
R

cldBbdn ARFPE- (TR Nt aheimihk @le@iei imlcrostopbe(SEM) and
present invention, a nonwoven fabric 25 obtained in

sigsle ik rBimchats GhRY adddiberaoe nre ahgedre randomly sampled
irection of a sheet w dth by using a cardi ng nmachi ne

areNeheasaral staphereliyo theasne hanienat ed tead ofrkbG semgle fiber
foll owed by needl e punching, directly fornmed by fiber
diapietaisngr suete, ak@l isisamehly hbcetisagy ¢o chpain hbadi sy, N grumber
obt ai ned by a papermaking nmethod; a ~ material in )
simfiiaetondecd hdver desaribedt tame ddbbdatrong themysrageyalue of single
spraying, inmmersing, or coating ; or a woven/knitted
fifexlfinenessepr ef erably used. Anong them a nonwoven
fabric in which a short fiber web is needl e punche

5 nlax the presebt anvention, ihds imppEemiknal 600f o MPEH of'thetotal
ﬁr?eenr:eséistrgti\gnf;ﬁg v&];lill?lrnl 1(::hei IS"ange of 1 x 108 to 4 x 104 dtex (in the case of
nylon 6 (a specific gravity of 1.14 g/em?), equivalent to a single fiber diameter
of 1 to 200 nm). In other words, it means that the number of nanofibers each
having a fineness more than 4 x 104 dtex is nearly equal to zero. As well as
sufficiently fulfilling the function of a nanofiber abrasive cloth, this enables
the stability of product quality to be improved, and fur.ther abrasive grains to
be uniformly carried onto the abrasive cloth due to a remarkably low
variation in fineness, resulting in enabling the smoothness of a hard disk

surface to be significantly improved. Preferably, 60 % or more of the total

fineness ratio falls within the range of 1 x 108 to 2 x 104 dtex (in the case of
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preferable as the abrasive cloth since a materi al
havi ng a high entangl enent of ultrafine fibers, high
denseness of surface fibers, and a | ow variation in
surface fiber density is preferable in order to
uniformy carry abrasive grains. 10 A needling
density at which the short fiber web is needl e punched
is preferabley 1000 to 3500 needl es/cn2 fromthe of
hlgher densification of fij (formation, of %

nyiem 6da sgaelﬁ&@"ﬁvw@ tl&%gknﬁﬁ,@qvémlaﬁbfﬂ%ﬁémg Bf 1heﬁﬁametef

fibers. is |

de#ﬁsb’i%w)om%r@rﬂrg abi}b n%%%ggoe 3 f@é 74 ’&ﬁ@ ltpx (in the
cafp inslom g BreGRECER Sﬁ/ﬁg 2} egATARNELO ganpEiber
diRrEePhb e ﬁi?rﬁﬁ) %@?‘Sﬁ#er Robexf af,}}e“yrha{rggh 2 4L RS 1o 6 x
B R 5008 Pl M5 BRSPS 15 dgent o

G55 BFRED B 3050 R SR B AR b o o

th{eq:%i?alt i esug rﬁ@% fati8 'vﬁ%hﬁ{%@réﬂ%g&eo Bibeps tQ%%@'I@g dtex (in

, I N poor densen Note that th

th\gar{a@e Co‘fvlﬁrloﬁ%:(é)% é’é}ﬁe?xﬁeﬁ vidre1 el dicmey %rqu‘i@élbﬁf to a single

are respec i vel'y expfessed by thé follow ng

%ﬁ%gﬁl%ltgpﬁg(Y%goqﬁﬁpr factor value = warp weavi ng
ensity [yarns/inch] x (warp fineness [dtex])1 2, and

25 MRS theaneplabtie tipdlyMatdith thavphdseneduiagtics Aélude polyester
[yarns/inch] x (weft fineness [dtex])1' 2. The nethod

(hbpsinpfted usimetithhe adfeveddescas HRETS hoblyamide; walpolefin, and
the 20 fibers for directly obtaining the sheet-I|ike

polplssridbné sulfide {imrbincufteardoyndtimies eeferrdd tmals ®PS), and many
mat eri al obtained by single conponent fiber spinning,

ofspdycaidendatippepdynjerg ateprésended sy paiylegteroan polyamide are
splittabl e conjugate fiber spinning may

mermpngfembIArtmegusm efitheir fraghes meli;lng\mmts af tb@melpmg point
sol'ubl e polyner is 5 eluted fromthe sea-island ty

of eopglygerds f1i65e°|0 ehighes thgrmad resigincy of é&%t@%@%@em 1s

as the sea conponent and_a poI ymer all oy, whic
goodecupugh, twhi hich tihepredekstioe Fob eEABDI.c SRt meq‘?mg point of

i_nvention, ,as the_i sl and .conponent, enab
polylactic acid (hereinafter sometlmer;pre erred to as %’ii) 1s 170 °C, that of

PET is 255 °C, and that of N6 is 220 °C. Also, the polymer may have
additives such as grains, flame retardant, and antistatic agent. In addition,
other constituents may be copolymerized to the extent that do not damage |
characteristics of the polymer. Still furthermore, the polymer having the
melting point of 300 °C or below is preferable due to its easiness in melt
spinning.

As the sheet-like material in the present invention, a nonwoven fabric
obtained in such a way that short fibers are arranged in a direction of a sheet
width by using a carding machine and a crosslapper to form a laminated web

and then followed by needle punching, directly formed by fiber spinning such
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4 fiber dianmeter in an nanofi ber aggregate to be
reduced. The nunmber of scratches can thus be reduced
at the time of polishing by using this material 10 as
an abrasive cloth, and therefore such a material is
preferable. Furthernore, a material in which a readily
sol ubl e polyner is eluted froman island core-sheath
type sea-island conjugate fiber conposed of. a
core-sheath type island conEPnent havi ng a pal.yner

é%mewbwing@rsmm'hom, an @bhained; i@ pa g method; a
pol ymer as_the core part; and sea conponent E Vi n .
matrials 1 ewhighy n@&PﬁBP@ BEF yHERCHEE SR 3 THRROTT acRraying
B oS D v R G b S Ea AR Amon
110y MOREOVRRe BITSY o iigh g U ot = aetdk e thched.

lishi. h t I bl h s
B0 HER0 3Pl oA bR bl MR gt i
pigfalie SATEG aBiifs fh plfs LRl afinsa Bl entangloment

i dabl . ¢ : | B L ae
of MR, BRESOINER derloefls of SLEROE Huiths, B8 n \dly Vasiation in

_s%r?z?%i,\g%teag éeﬁf%l@% ?Ql %ﬂ&éraib[b iHeoRRIY PR rufifd: @iy SalyUbBfhsive

imlar to the above-descrfi bed
g!sﬁg.ﬁsl sl and type conjugate fiber case to be 25
chieved. As elongation characteristics of the
fibrﬂsﬁéé%llfﬂgﬁaéhﬁfy A Sy RICRSIR shdrf Ve ®8b istndedle punched is
i mportant that the stress at 10 % el ongation in the
preleda®@y 1000 tac 500 igelléHemdronb ehabf hiihee dehsifitatioder fibers
dry conditions (under the conditions of a room
(foenpasatafre dehs Bapped duafaeehiddetty othighe®gnianglerhent of the
200 I NNcmw dth. Fromthe perspective of processin
fibddfsi &f énizylean than AH00i nepdlescm?, nétehdensemess of soxfage iﬁi@rs of
by using the abrasive cloth of the present invention,
an hebraabreasloth i pobr,i whiakt 18 mufagoraipe, landeiff b grceeds 3500
having a wiwdth of 30 to 50 nmand then_used.

needles/cm?, processability is deteriorated as well as damage to fibers
becomes significant, which is also unfavorable. A unit weight is preferably

3 g/m? or more in the case of the wet papermaking, or such that warp and

| weft cover factor values of a woven fabric are respectively 500 or more in the

case of the high density woven fabric, and if the cover factors are less than
400, voids among single fibers becomes large, resﬁlting in poor denseness.
Note that the warp cover factor value and the weft cover factor value

are respectively expressed by the following expressions-

Warp cover factor value = warp weaving density [yarns/inch] x (warp
fineness [dtex])2, and

Weft cover factor value = weft weaving density [yarns/inch] x (weft fineness
[dtex])12.

The method for producing the above-described short fiber web or the
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Then, while the abrasive cloth having the tape-Iike
formis brought into contact with a substrate in a
state where the substrate is continuously 10 rotated,
the abrasive cloth or the substrate is reciprocated in
the radial direction of the substrate to be thereby
continuously run. During the running, slurry
cont ai ni ng free abrasive grains is supplied and

ﬁb?fa% traeeq i B Spagt B%Z%a%‘ﬁ%ﬁ G 4 Bfppiialy tgited
|
BB S A o
o AR 0, e R L "
enfi1BFL AR ﬁ‘?e[ﬁ‘ﬁ' A EBteril S%%sﬁ%fér%%ﬁﬂﬂ%@&é@%?%m is
eh&@ﬂfﬂ%lm the %Qﬂtlﬁﬁhdttﬁ'ﬁe %QH]{ ke Ghel E@mﬁﬂsﬁ@é:&é)feafd?ﬁf soluble

abrasive stratetothereby perform

po}ﬁhép LE¢RE! éeamo%aeﬁ% a@h@ arﬁﬂyﬁer%m@f wiHigh $¢!BStrc@bfsor to

I's polished with the abrasive cloth having the surface

thWﬂafiloﬁfb@r Yf4hepratdAChfntidn, ias Heeldimd kembonpat,f @idbles a
the polishing under the condition that a worKki ng

fibeenBhateteF 1APPh Renvibel Yagdrepate2@o Wel sedippli eTheonuidber of
abrasive cloth. Controlling the stress at 10 %

scieltohgataw thudnbé bedhwdgiit thadi riale of padishing by 26ing thisanaterial
abrasive cloth to be 5 to 200 Ncm w dth enabl es the

as elamngehinasive pdotbentade therdefhee abndsi o e nwdterial ha i pxpferable.
the tape-like formto be suppressed to 3 %or |ess,

Furtheranpree aimetegialfinoehichagramskly sdduble polymenésieluted Sem an
a 22 reduction in the denseness of surface fibers,

island coresshemthetypefsegrislamsheoniugate Bberocamapesegniea sere-sheath
a lower level. A case where the stress at 10%

type dslgadi strmmnetmeha‘@ﬁg.a pelmer alloscas the sheatinpart and a
aprasive cloth is less than 5 Ncmw dth is

shgh%v%ﬂhableepolm@rr%élb% cpxe part A W 2l %ﬁag%&mleml%t haging the

B PR ARG 1

o R e B PR BES TS 2ot
sh%?@hgsziiﬁ%%gﬁﬁ%,@%a?eg shgh};/ cy)rl sCIolPlgfet igslaflr{d.sdlsﬁgftrhqpmatenal as
an abrasive cloth, at the time of polishing thus not only enables the number
of scratches to be reduced but also the polishing rate to be increased since
the core is hard to some extent.

Also, a material obtained in such a way that a dividable conjugate fiber
arranged at least in its parts with a polymer alloy is divided and then a
readily soluble polymer in the polymer alloy is eluted allows the effect
similar to the above-described sea-island type conjugate fiber case to be
achieved.

As elongation characteristics of the abrasive cloth of the present

invention, it is important that the stress at 10 % elongation in the
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fibers at the surface of the abrasive cloth are not
present, whereby scratch 10 defects are likely to
occur. On the other hand, a case of nore than 200 N cm

- width is also unfavorable. The reason is that the
abrasive cloth in a wet condition due to the slurry
containing the free abrasive grains is brought into
contact with the surface of the disk, and becones a
dry condition because of the s%;ee2|n 15 ouyt

_of
lomtgdmaé dirggtiongH g ahasive ¢lat Y 5PB Orasr @nder the

strongly pressed onto th str urface V.
copgitianePigerass §elapgratu;€%r)§2§% a gl or 41955 B%o 200

fsurfai%aroughness becones | arger. Mre preferably, the
N§¥”r‘éfé t 10 % elongation is in the range of 10 to

of 190t BhEetatectiet oS0 R betlinbfin §f Fpecod

foaft?ei B0 Y s eaePrasile oIfih ST Frfine, ipventiop, the

ek LA S AL F198 050 and
thgﬁ% rabed below.. That is, in the case vvhere .a

Ilke material to be the abrasive cloth 25 is a

NOMOYE &Vﬂﬁ@ Eﬁ& fzﬂ*‘fve?‘ El'bﬂﬁ ia@in%lﬁle%a%eqﬂﬁ@fdrﬁi‘ iCRFbuRAt into

attainéd in SUC ber “orientation is

coRf4ANGSG stii‘&&gﬁﬁa W%@t@f@%ﬂﬁ&b NEheOkuMEr8fe ik ontinuously
punch processing to thereby make an adjustnment. O if

ro%:«ﬁ%ds ttheSshrakiveZdloth W0 dhé Ambeietis Dechtiousteddin ¢he radial
Ncmw dth or nore only with the nanofibers, the

difddtReSofahe Ldbsate gabé ehedy d@ﬁt@hbaslyadnby)mmg the running,
with other fibers each having a single fiber fineness

slefryleontdinsg fleealrasivielprabasts ofpplieylanl sttaehepertilid gurface
gravity of 1.14 g/cnB), equivalent to a single fiber

ofdhambirasivb chfththringrthe tapewikenfbioni to thieneby mohisbveaurface of
fabric made of the above-nentioned other fibers, a

arf ialwmimwmt aldoy nkagneticsemrding diskeohadglzss Ingglﬁ@tl@ mecording
m xture, a |am nating nethod, a bonding _method, or a

disk xwhighmstshpeefamedomethgl. oy . comdlatlmafﬁrrfm prlishipgoglurry in

herein neans a nethod for |l aninatin ] nofi hers
whichoabrasiveegraing avitlathagh hardages, sucht lam%gi gucggparticles,
| am nati ng

are dispersed in an aqueous dispersion medium is preferably used.

In order to uniformly control the contact of the surface of the abrasive
cloth with the substrate to thereby perform uniform polishing when a surface
of the substrate is polished with the abrasive cloth having the surface with
the slurry attached, it is preferable to perform the polishing under the
condition that a working tension of approximately 10 to 20 N is applied to
the abrasive cloth.

| Controlling the stress at 10 % elongation in the longitudinal direction
of the abrasive cloth to be 5 to 200 N/cm width enables the elongation
percentage of the abrasive cloth having the tape-like form to be suppressed

to 3 % or less, ultra-precise surface roughness to be attained without a
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other fibers onto a sheet-like material nmade of only
nanofi bers. Various nethods may be enpl oyed, for
exanpl e, a nethod for |am nating nanofibers onto a
nonwoven fabric nade of other fibers by a papernaking
method or an air-laid nethod, a | am nating nethod by
sprayi ng, inmersing, or coating a 15 nanofi ber
di spersion liquid onto various supports to thereby
attach nanofjbers, or_a nethod for m pati ng, ot her
refliefaon ionthe slemsemesrent Fubtace ﬁh%r@e i3:0 omifBé?% Og;ﬁcmt‘lh
any of above. nethods._ The bondi ng net hod herei n neans
deﬁefﬁéﬂ?‘hbﬁ suppyessed ta askemer 1 ?YQ& material made of only

RSl AR B8R U Pl i

h t ed d.b t ' .

A s e
d f fib

R o S A B Bhg AR G fuing

beﬁg@gﬁ‘e@o&xseezga@ Lo sﬁ%z@%re SA0 % I DO, g i
Bl A, D 5L 4 e tgoe, g ol o

ab%isﬂr% 5 %? %%ﬁ'ﬁ%éh%d fih RRA® pa ?ghﬁ?hgﬁ{g BT BRsBk0 where

I's car aheatln a nethod in which

fiRRY eaédﬂé(%é bPehs abpgélv@%ﬁ)tﬁmf h@@{)resaﬁt pwa@wtgpg@atch

are directly bonded to a sheet-I1ike erial made o

dete 8 art 1ARIP to Bfcra. fil mby a nmelt blow nethod or a
spun bond net hod, and then a sea conponent is eluted

andopeiy adthbf diand)eapedssnes mbte)thkinbe0s, Nevm awidthhéd also
f(f for directly bonding other fibers to a sheet-1like
umfaverdble. Thdeeafornintifdthdiesabrasbye dothelin abivetvcomdibiod, due to
or a spun bond method. Anong those, the nethod for
theosidirng cantslinpte th& érevpdlamisate gIHIpSIISIh‘Igughh énto contact with
nanofi bers and a filmis preferable since it enables
thetaerfaceatl the chgatammhbemdsea donconditiod hécamseof Qme/squeezmg
damage to surface snoot hness of the abrasive cloth
outeafameistufe,samé cposequenitly the pbrasivergsainsears sirongly pressed

film and thereb 10 highly preC|se proc to be
orge rthe stbdtrape Surf%/iaev wiaexeby sicratghylef @fH?é 311”@ Eljﬁe E%Pci?ur as well

the material] that has a film _ form as_pol oIefln1 0
assgnriage rppEheetsbecuppedargsy. plarg 9# % e pizges at 10 %

elongation is in the range of 10 to 200 N/ecm width, and further preferably in
the range of 30 to 200 N/cm width.

Means for controlling the stress at 10% elongation in the longitudinal
direction of the abrasive cloth to be in the range of 5 to 200 N/cm width for
manufacturing include, methods such as, but are not limited to, those
described below.. |

That is, in the case where a sheet-like material to be the abrasive cloth
is a nonwoven fabric, the stress at 10 % elongation can be attained in such a
way that a fiber orientation is arranged by needle punch processing or water

jet punch processing to thereby make an adjustment. Or if the stress at
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series may be used; however, considering versatility,
the use of a polyester filmis desirable. 15
Furthernmore, the m xing nethod herein nmeans a
formation of a sheet-like material in a state where
nanofi bers and other fibers are mxed wth each
ot her. For exanple, nanofibers and other fibers are
m xed, and then any of various methods including an
entangllng met_ hod by needl e unchi, or a

elongation esanet %taé]ﬂuﬁté@ toa i N{cwi wﬂgha% nb%rﬁePﬁla’k Wigh the
20 net hod may be e Y In the case wher

nagwdibers,i W FEEE? ok % SZ%HSE%%O%BF‘B g @t Bsmixture with

e L T P 1SS, A e o

oA SR 5 e 0
5 ﬁ#ﬁﬁn he srpeeugiited (o, ftl"ql Rl BN Bt Y the

L P%% Bine¥ iRl A ‘%Qﬁn‘* Q’fi‘%rlg BB orner

fi bzgggat 0&%%5#‘1 I?%Sthg%&tu}é %'I?ﬁ{m];’cﬂ%nﬁ%h&f élb?éndmg

e of nylon a specific gravit

m8 hoéi %ﬁlg %ﬁ?{%)meﬁm ﬁﬁ%%tehzhglo%ea' ngl e fiber dianmet er

nore, or wt woven/ knitted or

P OrpRY efhlﬁﬁﬂtiﬁ% nﬁ@ﬁh&f LRiRbaMRmEE R | ABfkbOBLN laminating

bers or wmth a filmenables the stress at

nfdRaL i Aot » sheeRrlikaimatbri®l MR ofleplendfibgr®ror laminating
required characteristics such as the surface

othBf Hiidraoyntos hr Sisstdikel hdfeeladn@adeosf only nanofibers. Various
strengt h/ el ongati on, or cushioning properties of a

metierls hiakdba@mnepidyel, for exanplee annéthed fwrlaminatihgbralm,ﬁbers
a woven fabric, or a knitted fabric may be used in a

orftbri hemwoeem fabtiontade ofather filescby bashrermeding methodor an
case. 10 Furthernore, as another indicator of a

aivdaidapiethod,na lamenassg méidod by sprayfingeinasersing, @r(qoatmg a
single fibers falling within 30 nmin a single_ fihe

naticihere disprrsioay ehq@%l o1ithe vaamfs. @@mom& Hipn thegeby attach
abr asive cloth, which neans the ree of

nayfthers, ot adneﬂrodafordapupamga@té@ﬁ A8 wdpEeRoyEpYRn fabric
of fineness, i.e it rreanstil t the higher this

marleof 8680 RETLDY any o, @bpyae A€Svariation is. In

The bonding method herein means a method in which a sheet-like

material made of only nanofibers, and another sheet-like material or a film
are separately fabricated by an ordinary method, and then stacked and
bonded to each other. Various methods may be employed, for example, a
method for bonding a sheet-like material made of nanofibers to a sheet-like
material made of other fibers or a film with the use of a binder, an entangling
method by needle punching or a high-pressure water jet, a method in which
other thermofusible fibers are preliminarily mixed into a sheet-like material
made of nanofibers or other fibers, and then thermofusing is carried out with

a heating roll, a method in which polymer alloy fibers that are nanofiber
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15 the present invention, the single fiber fineness
ratio in which the single fiber dianeter difference
falls within 30 nm (in the case of nylon 6 (a specific
gravity of 1.14 g/cnB), equivalent to a single fiber
fineness of 8 x 10-6 dtex) is preferably 50 % or

nore, and nore preferably 70 % or nore. Preferably, in
the abrasive cloth of the present invention, the ratio

pr§%ue1§t9r$ 9& A tct;}?r\‘lﬁ%nl&% dgﬂ; b &£ Q*HB gé \ﬁ?ai%k‘%ﬁ tﬂl%&éréf gf:laélhﬁbers
or it Bgeé rfelk $0wOnePhad lﬁg/ & hsb Io&sﬁ dT n a sea

conpressi ve elast|C|ty ratio IS O talne OWs.

corp®hehf is EMitEd aRE RmRASHHREBN p (5[?&{&9%1 ﬁ’l?ers or a method

described in after-nentioned exa conpr essi ve

fort aﬁéaagr%dnamg Stir ﬁmssﬂae@fshbwﬁkm;%kﬁl mBa&e bf hahofibers
nmeasur ed rom wh a graph of distortion and a

byGoH¥lEBEW ehdthad) dﬁa@? ﬁboﬁartﬁamddal gradients at 0.1
and 0.5 kg/cn? are defined as respective conpressive

el asmbaptthovelthemethvd fohhbondlitg aciieat ke Mutehind eimprising
the conpressive 26 elasticity value at 0.5 kg/cn2 by

the manofibefs dnk g/fdnPid prefefdbiedime iGenshiek stress atielorigagion to
conpressive elasticity ratio S nmeans that a difference

bei contuglhed showte angedamage stoostrface smtethnedsownf thadabrasive
and that under a high load is small, i.e., even in

clathébasavee i stpeponidy unesu1§a¢membb§llms iof ¢hwtfzhmn ¢ aad thereby
sheet-ljke 5 material is pressed against a polishing

hlglalbfgmec@@mrﬁgea@,mg ‘éhb‘h@er weeddi f f erence in di st ortl on _
of the sheet lik terial_is small. This e
oniAp et P?#éf%iﬂiftn%?et%@ém hﬁx@énﬁﬂt%ma&m@i tL@t ha a film
mai nt ai ned pregci se poli shing

forgay pUchES P Slafrdgetigenpo g%aFeggaw% Q¥f P@ﬁ’[ﬁ’?ﬁ‘%ﬁ}ﬁ fgtfide

ol i shin tob mtigated. othereb ess
seb I TG St b S JEtSEBS Sieicka polyester

ﬁlcush onj rf)g properties are given to the sheet-11i ke
WelPets EI‘Dreferably t he: conpressi ve el asticity ratio

£ g AR i, ARGt o
shé& tefl éq}f %’erﬂilq}l 2 rstﬂ?—:r&rhe é”&a%%ﬁ%fse an rbtim@? fihers are mixed
B hibF e

materi al, rasi on reS|s

Wiﬁg%faﬁhcdtﬁ@{' Fér @ﬁ&flﬁ)‘l@bﬁ??éﬁ)béﬂ 25d o t * yggse fa?' u{g;ﬁe and.

rasi on resistance coerficient 1s o

thé Oy offvAridiar sndthdls qiﬁﬁx(ﬁﬁgpﬁﬁ%rﬁﬁﬁgﬁﬁgnﬁaethod by needle
punching or a high-pressure water jet, and a mixing and papermaking
method may be employed.

In the case where a sheet-like material to be the abrasive cloth is a
woven fabric or a knitted fabric, binding force among fibers is high and
constituent yarns do not move so much within the fabric, and therefore
increasing the number of the yarns per unit area and the amount of fibers
makes the density of the fabric higher, thus attaining the stress of 5 N/cm
width or more at 10 % elongation, or similarly to the- above-described

nonwoven fabric, the use of a mixture with other fibers each having a single
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the sheet-like material by using a neasurenent nethod
to be described in the after-nentioned exanples. If
the abrasion resistance coefficient is large, fibers
are likely to drop off fromthe sheet-like material to
formpills and 20 slurry is aggregated onto the pills,
which is likely to cause scratch defects. For this
reason, the sheet-like materi al that is unlikely to be
abraded even during poljshing, e

., _the sheet-like
fibenfnengss phis HiSdterlin the case @ﬁny}oélsfﬁ %l?ﬁfégc gravity of 1.14
fficient is desirab he abrasio i st ance
/Bt ﬁ%w@mnﬁ o a;@ﬂ%@ér@kﬁl‘y;{ r 6 085 W) eor With 2

prefer abI

wispdeniaied R IpTR (BT el rﬂﬁile %F&*t’f é!?%bﬁl‘gp%f ‘1‘%&5 fibers,
oriwﬁ%ﬁlaaenaﬁﬂeﬁr g sboespgraioesntapm oo e SERRERL | 1o

M oA B e e e e

%‘ia'h‘oi“' "2 eBiRr A 1500 SRR, St T or fyohiBoing

prﬂ%% rHe: L P agﬁeé[@' lﬁlge Q%g’laﬁh' nﬂlﬁc@h%e%tkp}é Hﬁh%v&ﬂ Sfabric, a

Seleft “HE blescrl Inth

wrﬂ;etne AR L drOR 1%3%?% nﬁgﬁb% NE2A iNaldmib fREHe? to the

nesé enabl'es not on ace snpot hness of the

ab%@@%fesl:ﬁgé‘d Bh&LVEh fAlric Qﬁsé ncreased to thereby

I nprove a processing precision during polishing, but

al SPuRREARLYE A Mhdthek ndRatdl 604 Whiiagiondipefinehiss| there is a
uniformty of a fiber orientation at the surface of

firldife s§ Ratib-dfiskeclgdters dhllingheitthy 300gmegas isbrgloffiberbameter
abrasive grains are unlikely to occur and an

diffefaticeelic ¢hof natofticrbewithan the hbrasipprobsthedvhithemeans the
surface roughness is preferably 60 ,u mor |ess, and

degwseof @rebatmiblon ¢t ganannnlaa'sundAhb oerteriviatite obfinehess, i.e.,
surface roughness is referably 0.5 u mor nore.

it Mherms thatuhkddehbntits em—:fsstliaélosheéhe lawer vhe wariafiongs. In
preferably 20 or nore. Note that the surface hardness

the prefent mydntipnythagingirefitenfoeseasratio i whiehothe single fiber
described in the after-nmenti oned exanples. A lar .

8h(r@ specific

digumeter differeane fellermbbie Hbumdiny tharcse| of yylon
sheet-like material,  to be inpr in .
erButty it dol & 6PE co RSB DREL Boehbaenergel 8 % 10¥tex) i
material to be mai ntgl ned du§ % [}8/overrent of form
prefexpply #9 “ppr mpwe, and more preiera ly 70 % or more.

Preferably, in the abrasive cloth of the present invention, the ratio S
between a value of compressive elasticity of the sheet-like material under a
load of 0.1 kg/cm? and that under a load of 0.5 kg/cm? is 4.0 or less. The
compressive elasticity ratio S is obtained as follows. That is, by using a
measurement method to be described in after-mentioned examples,
compressive characteristics of the sheet-like material are first measured,
from which a graph of distortion and a compressive load is made. Tangential
gradients at 0.1 and 0.5 kg/cni2 are defined as respective compressive

elasticity values, and the value obtained by dividing the compressive
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sheet-li ke material, and grinding efficiency during
polishing to be inproved 20 since the sheet-1ike
material has a certain degree of hardness. The surface
{ hardness is preferably 30 or nore, and nore
preferably 40 or nore. An upper I|imt of the surface
hardness is preferably 100 or less. Preferably, in the
abrasive cloth of the present invention, at |east one
surface of the sheet-]ike material has

d
elLaficticealse dbe kebmm? by thaneh 0 Sorelomy is eHER. 68 Sistaginess

; t he napped surface,, buffing treat nt [ r ef er abl
inghercommpessive; lasueise matipie means Fhat adilferrpce iy magnitude

etiivgglf;?aﬁ ts&vrqggaﬁi}gg'ﬁiﬁ Al fgiﬂrf%ﬂclgﬁ?%aﬂ

. f

i PV 70 g r%% & ﬁ%ﬁg%gﬁ?%é% imf)ﬂ@ 35155’%3&@3?%@\%%}8&81*9
milefid]; i goBid hapattih of Bplshie Talb idpe, bblithing, the

dl&?%&ﬁtlgﬁsk‘{}g 5¥ tsnrlz Iegqggegsﬁatgfeﬁ' ??Q Fma@l Iis enables not
eg{létﬁiﬁﬁlés%}?oth% PH@ ?fel} 180Y bef e[lb&ﬁﬁedo?nd highly

_ eria erably at ness t he
pr@ﬁ@g &\)}hﬂﬁﬁmsénﬁ@ ?Eﬁfgrﬁr%g%igfrnll% ﬁlsgq%)@nlo%ggégr@léﬁté% of BRirrPlduring

Fﬁﬂ%ttsdbé INfA dt‘étlc{‘d"%ﬁaéb@' Qﬁp}?ﬁbs%’ e |o@§§rr@ﬁ@@|<ﬁ’sscratch

i ng stabl ity to be inproved due to

de&'@dt@fs%é‘eeHﬁﬁio;ﬁﬁiﬁcétﬁslﬁénﬁl%epmﬁﬁéé akd @iReh® the sheetlike
sheet-1i ke material. A percentage of the |am nated

mheell, PrefdeaBBs the copfipfeetiail olabficiy oratice$sis 8ridomdess, and
preferably 20 %or less. Alower [imt of the

mpes pefsrddy @5 vhiessafilomeeinlinpfthd tompresivd elasticity ratio S
preferably 1 %or nore. Al so, preferably, the

is preferablyk@Otmtrenowd. has spaces therein, which are
i mpregnated with a polynmeric elastoner, and the
i npfeghatinore,cdn the $heetblike newatbyiapr ol dilmgsiare resistance
pol ynmeric el astoner to the sheet-like material _ havin

coeffisispate prefarpblyy Alring @t dessorbotef thadt thmabaasign resisiance
cushion for surface irregularities or aliQ or bi ng

cogffisienti srehtairedfrony the pmqurofstkere that have dropped giffrom
integrating it with the sheet-like mte reslts

theshegt dikecmateripl baa&gg@om@aﬁk}rq%ﬁ%gl 3atP g?faﬂbed n

an excel l ent su ressiv ct on sc h
thg th Wﬁgﬁp&pé&e{%mp ﬁ"tg abrasion TeSLAARCS goecﬁimen% is large,

fibers are likely to drop off from the sheet-like mat_erial to form pills and
slurry is aggregated onto the pills, which is likely to cause scratch defects.
For this reason, the sheet-like material that is unlikely to be abraded even
during polishing, i.e., the sheet-like material that has small abrasion
resistance coefficient is desirable. The abrasion resistance coefficient is
preferably 40 mg or less, and more preferably 30 mg or less. A lower limit of
the abrasion resistance coefficient is preferably 0.1 mg or more.

In the abrasive cloth of the present invention, a surface roughness of

the sheet-like material is preferably 100 £ m or less. Note that the surface
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As such a polyneric el astoner, a urethane-based,
silicone-based, or acrylic polyner may be used. Anbng
them polyurethane is preferable in terns of
processability and cushi oning properties in the
process of the present invention. Furthernore, in the
case of polyurethane, as its soft segnent, a 25

mat eri al conposed of polyether series, polyester

ronghnees i oA inraY ERASIrIYE 8 DOHSISEE, ML A the Sheet like
maieutalati e hoBINES G Whishbhe GEY Tiks, massinhiy FEPRERE into
cOREAGHEVHD BRI IUPEarET Y HoTH B rRe R R ARt ered to be
DSEEEGE Bh AEB LR, TR SHELALER, By e
b S A By g

D R B B L 2. b

o B L5 APl A ) Dy o » e
Lfcﬁ'ti%hoélb o AUTROSE He Rl GatéyisD %Eéﬁeb?fag%%%%ation of

01'po yneric elastoner is preferably in the range o

th%%bg%@iv@og’ﬁﬁng/ el vRLIRBIIY o@furfdREAA dcBuiRhB® ofhcratches can
nol di ng, and

the surface condition, void ratio,

beCSiH @B THORETA deefou gheds &5 prefofdidp G0N yanrtlbes, lankemore
of tthe abrasive cloth can be adjusted by the content.

préfsrabls e4®f ylassrtlean 20 lwivedt lidt wif theorabfscesiroughness is
the cushioning properties becone poor and therefore

prefeabines arm b kely. to occur. The case of exceeding
60 wt. % is also 15 unfavorabl e since processability
andApeop dustifacd habboassefpher skeptietd maderipbis pforahly 20 or
el astonmer is likely to become exposed on a surface,

mohe.dNotestHatkdiesurfazedmrdaess inobtadred be usang ghe apasugpment
of abrasive grains, As a method for providing such a

mpthadrée ke descrihedein the pitoanaentionsd lexamplesad; lageey surface
i npregnation followed by coagul ati on y enpl oyed.

hansmesg oepaiies nnobfonly ed bbby | & 'éhﬂsg%?%?lﬁfes Iﬁéﬁ%ﬁﬁ‘d]e&o be
with the use of  the agrasive cloth with_.an ar

. F1o
improgedaduring) RolishHes o BHE GHEO GI1AGE FBOQLADIERS of the sheet like

GG RALAD b Rattgred doe. to Tiptovement of Bt 'SWibility of the

sheet-like material, and grinding efficiency during polishing to be improved
since the éheet-like material has a certain degree of hardness. The surface
hardness is preferably 30 or more, and more preferably 40 or more. An upper
limit of the surface hardness is preferably 100 or less.

Preferably, in the abrasive cloth of the present invention, at least one
surface of the sheet-like material has a napped surface composed of
nanofibers. In order to obtain the napped surface, buffing treatment is
preferably performed on the sheet-like material. The buffing treatment

herein is generally performed by using card clothing or sandpaper. The
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obtainesk byeprevadiag the polymetic|elasiosen & t

eluted and renoved fromthe abrasive cloth with the
sanple area of 1 n2 by wusing a solvent or the |ike,
and then wei ghts before and after the eluting and 25
removi ng processing are respectively neasur ed.
Meanwhil e, in a magnetic recording nmedi umsuch as a
hard disk, a recording capacity and a recording
density have been increasing, and 30 accordingly

hi gher precision in polishing of a substrate surface
shpg Bk eBaterialtl Fatich Sk dBTRINE  tiogmaeht Foperam éC gnables

wxfeath dy nﬁ«'a%%ﬂp?néh?% Whers'Gebs omed PR REFREn R, Sl
S BN AP LY A o
dig D55 e AR e BRGSO iSeent
S A e 5
forth S egﬂééteﬂggtrﬁatégg%l; %?lgbpié&?hé’@y %%tﬂc]&{ Lhe ﬁ?feeﬁﬁﬁbﬁber

Inventi on € nano |bers are

lagiiﬁgf‘erdsf érn1 I?ﬁ ‘.ﬁ)g&fﬁ% i %f 'tﬁE ‘fvﬁofehﬁhee]tQ&ee“ﬁ%terlal

simlarly to the abrasive

1ﬂ§n %@?ﬁﬂiﬁﬁ)ﬂ%ﬁ Pﬁ%@fethicﬁnbé’@ tabpasty exnchbptiBsdfenables

present invention, ‘it is preferable that

dl‘@ﬁ?ﬁg Qﬁﬂzﬁhﬁf £o ¥&khp %V%@edﬁ@ﬂo reinffhieehewe leffastsfdfrtheasipport
a single fiber, and in order to attain this, the

onPfIRS SRéetF NS Eﬂat@ﬁa@ Apeeraithes of thbilghdnaieelr ]fag'ermhmﬂmess is
abrasive cloth to be produced by enploying an 15

prefdrablyB0 % onbeks i asbreqrrefrrablye 20 6 ar tessoAlower limit of the
structure. The nethod for producing a nanofi ber
pestenteigercf the tamdhatgdtlayehthicknesseistprefarehlyi bife ar more.
herei nafter be described. That is, attachin
nanAlsoberefralplyy theshédtdike mageaiag msormaces %bewm, which are
nanofi bers to be dispersed in the sheet-1jke materi al
intpreghetédweithas polymenic @lastomeirnging ftheelrmm@gpﬁélp@byan be
obtai n a nanofi ber structure. Note that i_lhe nan
f s3heet I3 ematerlal
exanple, it is further processed to becone, e.g., an
haspadhe sparest h. Enpl oyi ng such a method for producing
such a_nanof i kier stru ure enabl es%lnot on

b mABEREe A BECPATHaPe 36 CUShD e Sutiage Ipsegylarities
orn'algsori:)mg vibrations, retention of fiber shape, or the like, and integrating

it with the sheet-like material results in excellent fittedness to a polishing
target and an excellent suppressive effect on scratches of the polishing target.
As such a polymeric elastomer, a urethane-based, silicone-based, or acrylic
polymer may be used. Among them, polyurethane is preferable in terms of
processability and cushioning properties in the process of the present
invention. Furthermore, in the case of polyurethane, as its soft segment, a
material composed of polyether series, polyester series, polycarbonate series,
or a copolymer of them may be used. Among these types of polyurethane,

solely polyether series, or polyurethane copolymerized with at lease one of

29



10

15

20

25

25 but al so the arrangenent of the nanofibers in the

sheet-like material to be desirably controlled,

resulting in a high-perfornmance abrasive cloth. The

nmet hod for produci ng a nanofi ber structure according

tothe 31 i{k f[{E present invention is described

below in nore detail. The term "nanofi ber structure"

used in the description of the nethod for producing a

nanof i ber structure according to_the present inventi.on
pokyethex sexigs.palyester series PrpAlEFRIRaRBIY pRIAES iy preferably used

in 3;;@2 %% ghégt éggug;'tfe Ngf)l q%ﬁqél;\;\xgprgm%ﬁ%b%?g at A surthcs of the

o eI e B B ML SRR e o
B
oSS S e R LA G R Bl St o
oo SHERADPC MR ANERL S0P Pl Syl Bherl SaheeBimers
RIS P FRETDESR ATl A8 @ptcing

Onﬁl!alll%géllregﬁs%ﬁm. gg{%ﬂesg, dihide method for producing a

er str re according to the 15 present

| NVERLA QM drtthl ol yiReFik A stbiirh 18 preflgblyavetRdenge of 20 to
di aneter of nanofibers is in the range of 1 to 500

6007 BF 5 WoiRRt oF fidesoin termss bEaw1Aing, aad thedswadadd amrdition,
to be obtained and consequently, when the nanofi ber

vosd Magiolr @ishsoriag dpispettibs,| hardndsey seveagpheand he like of the
capturing capability for mcroparticles can be
abrapivedetoyars bé fiddasted by deceamsntdllze paseeofdieasrthan 26 wt.%
20 significantly increasing a specific surface area
iswnifaeomtipreines nhe tdushidningkagpevties ibbeorse avapy a1pd therefore
objects to be filtered collide. The nunber averg%e .
scoatzhes eareoflilblngte ovanof Ther cape ¢ exeeeding Q- wids 1s also
range of 1 to 200 rim and nore preferably in the
unfamgeatdé siteetprotedahitityrond predipitevity heeorae paerapmalhas the
nanof i ber structure, the nunber oy e
polymeric elastomer is likely to become exposed on a surface, which is likely
to cause scratches due to aggregation of abrasive grains.

As a method for providing such a polymeric elastomer, a procedure such
as coating or impregnation followed by coagulation may be employed. The
content of the polymeric elastomer is measured with the use of the abrasive
cloth with an area of 1 m? as a sample. The content of the polymeric -
elastomer can be obtained in such a way that the polymeric elastomer is
eluted and removed from the abrasive cloth with the sample area of 1 m? by
using a solvent or the like, and then weights before and after the eluting and
removing processing are respectively measured.

Meanwhile, in a magnetic recording medium such as a hard disk, a

recording capacity and a recording density have been increasing, and
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25 average di aneter of single nanofibers can be
obtained as follows. That is, a cross-section of a
nanofi ber bundl e before dispersion into a dispersion
medi umis observed through a transm ssion el ectron

m croscope 32 (TEM, then cross-sectional areas of
150 or nore single fibers randomy sanpled in a sane
cross-section are analyzed with i mage processing

oSNl PR o AL B o e
888, 955 P R P B . oer an
I R S5 s 006 By Gl Wy VSR,
SR8 Al R AL o il b

A SRR &l Smefem hﬁghég"(ﬁs?;@f%iﬁﬂr of AbeR! 4o hiohep @ﬁﬂ)ogﬁ%ss S0

to neasure single nanofiber dianeters, to be thereby

asahd QudiforinlFOgApt héh HiirNHPPRAVARRALS JHidamBt &o 1dtaliRé the
same manner as above (specific gravity of 1.14

ab@a§ii8) grak oRch Mifacd Bf lahSubstsgteousing Yolishivit Mnt fieler to
use of a nanofiber structure, a surface of a

attindhiehequp@hientBy i eh® bbessied clodth @fghe Sfrbkewty iravention, it 1s
ultrathin segnent may be cut out so as to reveal a

| prefevsblesthat itha mahofibetbarmdmbeised, indhiecdhdes-likeematerial to the

observed through TEM Still furthernore, a nanofi ber
leved asdinsas afsingle{tbarasiofilindy tetheebvagvefgrainse present
i nvention corresponds_to_the nanofiber of whicha & |
si iy dedarihed akiivemin dhe iabragive cldihrofohe presemfdinwention, it is
nmpore than 1 ii in, which s referred as. a_nanofiber .
rreferable thed wanofiheve are ovell Avmevead toaths lavel pgiling as a single
relatively thick 20 fibers is preferably 3.w. % or
fihegs andNgh OTARR(t0; ALAR HAHS HBe PTEReTth TBKeRtigR ale0 ngbles 2
.the ratio of a weight of the thjck fibers (.each havi.n
highgH BSRRRRERGS eADTARYE SO0 thanhS nBEo (Rarempipyig an

o8 Fet S S oM R RS o
[ | cul,at fqll. . Th i [ h ynal
GO R E b o FABbebEs BHERrL "Plofe fp e

. ' ' + +dn2) = Ed; 2, (i
pret T SaiON R Rreldaftdl o defohed, | 1507 Tiber ¢

di alifﬁ{tefs, QJttz?(ﬁﬁHgoé r{zﬂﬁ)ﬂ%@i}q{ﬂs]p&rs%rf ITRfuid to a support allows |

nanofibers to be dispersed in the sheet-like material to the level as fine as a
single fiber to thereby obtain a nanofiber structure. Note that the nanofiber
structure means, but is not limited to, that in one example, it is further
processed to become, e.g., an abrasive cloth.

Employing such a method for producing such a nanofiber structure
enables not only nanofibers to be readily dispersed in the sheet-like material
but also the arrangement of the nanofibers in the sheet-like material to be
desirably controlled, resulting in a high-performance abrasive cloth.

The method for producing a nanofiber structure according to the
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fall wthin the dianeter range nore than 500 nm and
not nore than 1 uin 33 is D, the sumof a square of
it (D12 + D22 + -- +DnR) = ED 2, (i =1 - n is

cal culated. Calculating the ratio of EDi2 to Edit
enabl es the area ratio of the thick fibers to all the
nanofi bers, i.e., the weight ratio to be obtai ned.
Regar di ng the nanofi bers used for the nmethod for
produci n

a b fi di h
prfﬁﬁmvegrﬁeﬁs RO eDBeopen e BeBRE T o " o nor e
! havi o , . oh
ol s AR R BpRRer SoicRier Sled £RE LAY ARET iR be 388 BBthod
of PRSURIRE Rrndfier Siotv Reestifhg b i ResBRE 1Y ¢Hiioh rofers
f thigk fi h i i . .
tocicarurigest Thich RRATRRS ot e Pl RS dimension, two
diﬁéﬁs&ﬁf‘s‘? wWher .egtut?e% NYTRENL <R, 296 ndi @ tel%w%—ﬁhﬁ@ﬁsiﬂﬂhl or
or less, a fibBer weight ratio of single fibers eac

thgt?é’-.iﬂgeﬁsﬁhﬁme%h-lm r&@ﬁlﬁeagg)rgf&aﬁﬁ. preferably 3 %

ess, nore prefera % or less, and further

Pr ef £ ERD b¥escht in¥e Rfioh ERSis iIdriafiTRS Erst AtthBR t6a3SSupport a
where the nunber average dianeter 15 is 100 nm or

1lid@8Sn WwhichbemoMeghatvdid  nRimiSdraNakb deimefaddt 1 to 500 nm
aving a dianeter nore than 100 nmis preferably 3 %
areldibpssed 1RrLdizpefaombhadihn?losrehesfer Bfcrrefittotadsea nanofiber
preferably 0.1 %or |ess. These enable a function of
dispersivan diguid). Thisr nethod ot ai sigdifigartthedveithge dfovery high
produci ng a nanofi ber structure according to the
saferesenbiricev entriloyingothe methadidwy ool highl pdodwativtitie and
stabilit 20 of product quality to be inproved. In
ahshaceret vib dhdnnfigr edganicg selveatofviaper emdudlaeaténg nanofibers,
according to the present invention, as a procedure
differently feoms ielrgtrospoinibgr s i nto a di spersion nedium
shear force is 1[1)rovi ded to, the nangfibers by using.a
Ni adylsoainbthe method forgmodeeinga ngnphbper sfrupiian @C@l‘%ﬂng to the
| aboratory .use, a bjom xer alllrrixer fqQr home 25 use, ?
pregent Anpentiandt gy impertanprhatear spm eﬁ@%&ﬁﬁehélame er of

nangQfi bers can be dispers to t level.,as finpe, as
nagberBar o FEREPh arta 08 e s ﬁ@@iﬁk@n&bw‘@m%ﬁﬁmﬂgﬁ
reélpir%gr égrﬁg%%;tot %ES obtHined and Pons g&én%y, ogvhtepxe{ﬁe fanofiber

structure is used as a filter, for example, the capturing capability for

-

microparticles can be improved by sufficiently decreasing a pore diameter or
significantly increasing a specific surface area while suppressing the
breakage of fibers even if objects to be filtered collide. The number average
diameter of single nanofibers is preferably in the range of 1 to 200 nm, and
more preferably in the range of 30 to 100 nm.

For example, in the case of the nanofiber structure, the number
average diameter of single nanofibers can be obtained as follows.

That is, a cross-section of a nanofiber bundle before dispersion into a

dispersion medium is observed through a transmission electron microscope
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be used as appropriate. Furthernore, regarding the
di spersion nedium it is not particularly |imted;
however, the use of water is preferable in terns of
saf eness. The nanofi ber dispersion |iquid obtained as
descri bed above is then 5 attached to the support.
Note that the attachnment of the nanofiber dispersion
liquid to the support neans the follow ng state. That

R e 5 6L, 5 5B B 2 85 o
o RORTL o P B R LambBeepaBhpnhsin
B0 55 R0 By B PRI AP e g oo
o B AR ol A, ) of SR B8 b g

di J‘rg&g%i &/ ?%s)lbefélgﬂi ghidipng if@ﬂoﬁ??%g?ocgﬂﬁ?@% bé employed.

rocedur e attaching the nano I spersi‘on

THAtGY! §1{Rid F‘l}?/ v&iﬂélf:’lg Unhofiberd frd@spbtdddt i%%ttahﬂh‘éd@:\tg ?ﬁsample

appropriate cted dependi ng on a purpose. F
stﬁg@BP'aesca%ﬁhé HedtFAE Sthefichpe SBEAD, Bhd Bfiedaaalli fieh metal
Ispersion liquid to the support. Since the nanofibers
evilpBFhtidh tiBepHfeseEd tonpesidrena bam@le. Thel sitepldiislobserved
fi bers each having a single fiber dianeter exceeding
the®dzh SEMstpr sghb@rec singhe npanfiberddawetsrs) to badhereliyi able to
nozzl e of an atom zer, a 20 spray, or the like w thout
obbhiecegaunded dveeagmdamhbier idi teesanemmbiger as ehave kepecific
nebul i zed and attached to the support. This procedure
erawitgfofdct4 gemben a nanofi ber | ayer is desired to be
formed onto the support, or when a thickness of the
nanBirthermoag.em i thedeaser of awalysissiwihh ftheanise yof a nanofiber
thi nned. Adjusting a _concentration or spraying.tj
stpeqtupel suxihee phnsropEberpaperayde Phapsved tl?@ﬂ@ha%ﬁ@é or an
the_thickness to be thinned to 1 u mor Less. A se%ond
ulfradhiny fegmest mavadri Agt (G RS itAeFeVERs P ctpssrsection of a

narebtbagrsichle tE8 gORet s HGHED (e P ocetur s for
| ST RS o8 BoOGRET &b 3% 1418 LR G ORET R oture of

thgnll)%sggg igxlrjerrit"’ilgf boxji'ggpgr(f&so?g the nanofiber of which a single fiber

diameter is more than 500 nm and not more than 1 #m, which is referred as
a nanofiber in the present invention; however, a fiber ratio of relatively thick
fibers is preferably 3 wt.% or less. Note that the fiber ratio of thick fibers
means the ratio of a weight of the thick fibers (each having a diameter more
than 500 nm and not more than 1 1 m) to a total weight of nanofibers each
having a diameter more than 1 nm and not more than 1 4 m, and is
calculated as follows. That is, given that single fiber diameter of each of the
nanofibers is di, the sum of a square of it (d12 + de2 + -~ +dn? =3 di2, =1 ~n)
is calculated. Also, given that a fiber diameter of each of the nanofibers that

fall within the diameter range more than 500 nm and not more than 1 u£m
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procedure facilitates adsorbing the nanofi ber
di.spersion liquid into the support, and particularly
in the case where the support is porous, it has an 5
advantage of facilitating a three-di nensiona

formation of a nesh-like structure conposed of the
nanofi bers inside of the support. Regarding the
adsorption of the nanofiber dispersion liquid into the

is P BRe oot of e o (D6 Peflis Ff Ted — Bb e &+ ) i
cafARE Ealodhibg SHp BBPCE R (705 oBEbbsHE R ratio of the
LN

P S A R e AL o «
na{ﬁﬁﬁ%@i‘ Qﬁrucglg}%o%fcﬁf&iﬁ iﬂgﬁcﬂ{e%ﬂeg%ﬁﬂﬁveﬁﬂﬁﬂpfﬂe fiBeLRBigHI % atio

e nanof | i sper i‘qui d onto the support.

t [

o g e e 2, ARl 80 o R Bt (B8, S0V Bin 88R not

meStHRS] 1Y 19k i Beefepaslel Peg ofli&RE hitir® HrfedtdbBy 19 or less, and
i ncreased by increasing the nanofiber concentration

furthet heefoanblyl (e Grdpsy. Th@ithbi Goir@s,this tftlang that the number
t hi ckener together and then the liquid is coated with

of ahlchi fibersoaichr haeing a ddémat&petickiinge 560 nig iprmeaehuegual to
the coating may be performed with the 20 use of any

zepubl i cly known neans such as a dye coater, a roll
coater, a rod coater, a blade coater, or an air knife
codileo, inathe dalse wherdripernumpber ederagesliametémis 200 nngor less,

rocedure may be used. Alternatively, a procedure in

a folarcweighs ratin of single fibspeeathohavingud dianzetes magneythan 200 nm

_drizzled over the support may be enployed. Since the

is preforala g %ueriess 2more preferpblysh it of lesenend Aurideg preferably
i nclude thick fibers each having a single fiber )

0. hivapeless. Eurtheamngestp thecasemhese she pumber gveyage diameter

RSN YT S IR T——.
R It 2 S i A S o Y B3 g, and
rolSs B 1 5 FATBEE TRRALEHELE ruBBEL IR, rnotivr
stlﬁb%gﬁll% o%ttglan%ﬁl %9' ‘:ﬁg El%@ﬁ(gd bf%&' 8%0%1?1%{1% of ﬁér%ﬁtﬂart Qructure

according to the present invention to be sufficiently fulfilled and the stability

of product quality to be improved.

In the method for producing a nanofiber structure according to the
present invention, as a procedure for dispersing nanofibers into a dispersion
medium, shear force is provided to the nanofibers by using a Niagara beater,
a refiner, a cutter, a crusher for laboratory use, a bio-mixer, a mixer for home
use, a roll mill, a mortar, or a PFI beater, whereby the nanofibers can be
dispersed to the level as fine as one fiber and then given into the dispersion

medium. Also, in order to suppress reaggregation of them, a dispersant may
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5 support foll owed by renoving the di spersion nmedi um
enabl es the nanofi ber structure in which nanofibers
are attached to the support in a nmesh-like formto be
obt ai ned. The reason can be considered that, even if
nanofi bers are dispersed to the single fibers in the
di spersion liquid, they are condensed in drying
process of the dispersion nmediumand partially

beil?%ﬂ‘[’a‘?%?e&rtofi)ﬁiagaéfﬁ?@%?‘m%?%’i%f@%%&n%h%ﬁgﬁé%ﬁ Ry it is
o RS SLE TAEA S, PSS i 5 o o

Qcgdure or the |ike where a large anount of

i'spersion nmediumis contained in the support,

sq [ R i an edium fir '

or DR PRpgPE LpBRSLE A IR B) bl Gh 2 chen

at@z{cﬁ'r%?imtoi e nédgﬂig?‘t.i tI}Tﬂ:% @héf) ﬂHQ_)%{tE%ciﬂméﬁ‘@tof the nanofiber

nanoti bers mad a thernopl astic pol ynmer and having
diﬁ;?é}@meﬁ%&wewoagﬁ sPpRPELanRfthd 0wl SiRar e

spersed I nto a dispersion nmediumto produce a
nanPRAP g, i GRS itRE dthtlintherbhiehnhfioSbd dédpREsiba Rquid is
paper maki ng onto a porous support. The papernmaki ng
belieg Bréughataimdo acRt=RE aclth @ swrfady siid/bohanZ@sithnef iHesupport. In
di spersion liquid is passed through the porous
sughppstate, drhimtersotvh hayrasayinspexisobdswesetlad handlitlers and
to the porous support, and then the dispersion nedi um
the supgooty doh. dbhewiwordy, dhe dayiofiher Hhspexsionocliquidemay be simply
procedure has significant advantages of high ] .
placasldoe tthei suppozh b1y evan tdey Waalscforess, hydragese boniding, an 1on
_absence of harnful organic solvent vapor and floating
interactippeps thedike nfasr aeh loy altennadivedy chepiieali bepdingsaay be
this procedure is the nost appropriate procedure for
createdi ng al so inside of the porous support a

t hr ee-di nensi onal nesh-1i ke ructure conposed of the
narfdPresedars for-attaghingfhsm eml-‘r»nﬁaémn%wﬁtfe gupport

e BRSO BRSA s TSR e g i e
R AL PR i
RSECHAE e SRR LDATRRE ey s Sk BFLE By
w5 B e A8 i B e LR S
nm, spraying can be performed even through a fine nozzle of an atomizer, a

sa

spray, or the like without blockage, and the nanofiber dispersion liquid can
be nebulized and attached to the support. This procedure is effective when a
nanofiber layer is desired to be formed onto the support, or when a thickness
of the nanofiber layer is desired to be significantly thinned. Adjusting a
concentration or spraying time period of the nanofiber dispersion liquid
enables the thickness to be thinned to 1 #m or less.

A second procedure for attaching the nanofiber dispersion liquid to the

support is immersing the support into the nanofiber dispersion liguid.
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[I preferably 2 mmor less. Also, a lower limt of the
fiber length of nanofibers is not particularly limted
as long as it falls within a range applicable by the
paper maki ng; however, it is preferably 0.1 mmor nore
in ternms of formation 10 efficiency of the nesh-1ike
structure. Al so, a concentration of nanofibers
contained in the nanofiber [ dispersion liquidis

e S1 G A BUScHERISo BSO8R M ARG R mc
g AR RST, HS PRSP R 515 . T foond
oS5 LINELGRES FHEPGE o SRS ARG gt im0 e
o FEE o ity 0558 PR 05, 15, SUBBDSRFL O B an
SISO {006 JOISELSRUBHARIE URRRE £ Pameii

stﬁfc%ﬁfé‘ B RRDYRE 188 ANRAMRPETihEReSoft thd E‘g%ﬁ%mp Rebalding the

easi |y adjusted, and 20 capabilities, s s liquid

adBEFITRAPIdfi the. nBhbIiBES H?s%}é'r kioh liqaid! iats 3Re Wipp@rt, a further
capability, of the nanofi ber st rqucture-produgjg)g, by

addstiow ofhesPiasend stept Woih aananghsid shoeoriffeotivedFurthermore,
because of the | ow concentration. On the other hand,

thesd tire advaertageodl bke suppeestiomtdfadefedsbaich. 89 @inholeds even
or nore, or preferably 0.001 wt.%or nore enables the
afieanofideersidth Ipeocestingl lor echninglosd grdcassmg2Sand the high
formati on of the nesh-like structure to be )
unfiforinity sme the Aneshréikeostructuner goinposed s aaneldhanst sigee the
of inproving production efficiency since it is not
napefibes gispersionsiqrid cancbenanifpramly pHinghed totihe sepport.
nanof i ber dispersion liquid, and only a_ 38 short tine
peré shindsprasedyte for rgaghing:tha nénﬁﬁg%lf Abwersipa Jigudote the
liquid to the_ support. |In addition,_ the nanofi ber i
SupBH: 15 SR tIRg the BREORLET fbgp%%w Squd oo thye,pyppart. There is
factors. Ttﬂépint tgt houl d be notgd i.s the dosired
ancRdyaeiEeihat dbe TapotBen IARs Ga o MRLORBIR {pBRPdp @ desire
di spersi.on. liquid, This cap,be controlled by nanofi ber
thicBER YT ERRI o thet PaBRTREE P HSTSar el Farisgeed by
._nhanofibers__angd a dispersion mediu a Ltion ofy. -
indi23%ine B¢ nafPBp G S RELHEh, BF S MorRpAL Yo liguid or
U_S]Z}?é se@%%{?er ﬂo@e{l‘nﬁ SAP B tHS W4 1s aR4UERYSa knife coater

e
ete.. As a specific coating procedure, the coating may be performed with the

use of any publicly known means such as a dye coater, a roll coater, a rod
coater, a bléde coater, or an air knife coater, and then a drying procedure or a
laminating procedure may be used.

Alternatively, a procedure in which the nanofiber dispersion liquid is
simply drizzled over the support may be employed. Since the nanofibers used
in the present invention hardly include thick fibers each having a single fiber
diameter exceeding 500 nm, they are likely to be uniformly dispersed into

the dispersion medium and form into a state resembling a solution into
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. f h d
| Wﬁl&ﬁ%y Sﬁsoaailgﬁ??rgl Sé?? AR, 754 Tmfer e

medium it is preferable to select the dispersant from
anionic series such as 10 pol ycarboxyl ate, cationic
series such as a quarternary anmmoni um salt, or

noni oni ¢ series such as pol yoxyet hyl ene ether or

pol yoxyet hyl ene ester. In order to select an
appropriate dispersant, for exanple, in the case of

di spersion by using charge repuIS|on anong nanofi bers,

be,sel ected %ﬁed§gpp%t into

nqripeR dipersliRl RobREDF ibdie B AR enéﬁpﬁtlr § %*:BFL% the
ot gt U es?&?%%#%‘% %}%gupggg fhan ~Smy. an
amg@loge FiBREAR0E, hRaRbE AL adiitnd aiBhiteidh 1iRid to the

case ose wt entl a era

%?@ﬂﬂﬂgvdéﬂ By qym%@?n% g?géﬁa%ﬁ% %g&%ﬁlg@the nanofiber

tionic dispersant ed. For exanple

sti‘ﬁbth?@ AR BRI n&lﬁoﬁﬁ&lsoﬁre %)ctsﬂ:ﬁ@&fﬂobﬁies suf)ﬁ@rtzfﬂ a mesh like
potential neasured by using a |aser Doppler

fo?ﬂneﬁ)t hORBAiRsH S THE! Ao RaAUNE cobiderdd tisat; e¥én ¥ nanofibers
.e., a surface is negatively charged, and therefore,

arlefd1§15@'s§-ﬂl it@ Bhe siHigdP Ebeadin tlse ABperdon ligid dhepearreanhdensed
in order to increase an absol ute val ue of the

inpdiginiei procekbenfz e dibp@siantmediunhamge partialli0 embangled to
whereby the uniformty of dispersion can be inproved.
therelishdorh hiartohtired mésh-like stametwob. dins pddmum pypresedgre for
steric repulsion, if a nolecular weight becones too
rebzovieg the dispersionsmaditmcisuhah parko héymitpdn byt may be
_dlsFersant becomes significant, and therefore,
diventby drieilner iththe pasecefthe inviegsimgarropeduny expieshike where a
preferable. In such a case, .the £ nol ecul ar wei ght of
layge amasper ofaHEDEESIQN aneqixm ys icAntaiBed dRghieot MRt s@ueezing
50000, and nore preferaply in he r.an 0 )
theghepersiggaediumdizst Wikh acmagg q:%rsteheoﬁﬁ‘a F%EES se%f%gwe-
havj sanme chem 0si.tions, | ecul ar
ol IS E0p50 Thy Cap GUPTRRT ROSABRPE: b i ﬁB’fROBEﬂ%t that
ncentr f the f.L ber t her co
aagﬁermaciwf ArBosinoe lastboRm el oid Bavirg S HRRAEE dVtrage
B APL 500 55 g R00A B BB 38 m t0produce
a i cag. n e
st “bisBeyi B ARut BER B CuRECtHE 10 2 pHpBRERRIAE onto o
pa%ﬁé %'@Bbi’t. Ifhd ngéﬁﬂgﬁnfg h8rHA0REah aZBrocedure in which the
nanofiber dispersion liquid is passed through the porous support, the
nanofibers as dispersoids are attached to the porous support, and then the
dispersion medium is removed by wiping or drying. The use of the procedure
has significant advantages of high productivity, and very high safeness
because of absence of harmful organic solvent vapor and floating nanofibers,
differently from electrospinning. Also, this procedure is the most appropriate

procedure for forming also inside of the porous support a three-dimensional

mesh-like structure composed of the nanofibers since the nanofibers intrude
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w . % of the whole dispersion liquid, nore preferably
in the range of 0.0001 to 5 w.% and nost preferably
in the range of 0.01 to 1 wt.% which enables a
sufficient dispersion effect to be obtained. Al so, the
drying process is the condensing process of the
nanofi ber dispersion liquid, and therefore may 15 have
an influence on the mesh-1like structure. That is, if a

g(? of i be ncentration hecones too high during the
n Q?E‘h’dlsb pqrﬁESﬁHRB?]f ers are likely to be

SCRARHH, AR e B0 By BhA0 A L hOEhOR BEBRPH o 5
orfl%éi Tl frlclibl g?ﬁ%uhg lh@& Eﬁ@%@%? N3 of the AHbNE Rdpport in

I'Spersion neail um evapor ates

s P i i, GROSRER SE PP i, 0
th@ Hﬁe efoijﬁlaﬁRB &h 'rﬂeéﬁ1 Lk} dt{ﬂ‘@ Rd el %hﬁrﬂle&'éfore it is
Ee sur

ecrease ace ree ener gy of

pr[aJE'JffralEi@1 qffo%? Feheld %@?éﬁéc@ﬁre' ItGui ﬂb&r let¥ght ép'n!a'nbﬁb@fs lid more

h the support "'may have an i nfluence on the

pr@ﬁ‘?rhbly' X ehmd? 1644 Wakdl Llodred 1hhE dfthe fbeRtendth dfidelofibers is
to occur particul arly in the case where the nanofi ber

nodli pureical 0y lintited asSloakt Bciethlisnwithin lankdigerpgheable by the
reason is that in the case of high surface free

papeemgking; Hoowevae it dbbkéfeyablyt(hl time auppes in terds offermation
stability of a nanofiber dispersion liquid filmis

efﬁr:idnc;edf theomlelahtli]momucma'ets of the nanofi ber
di spersion liquid filmare broken with the progress of

aéglsa,ata otorgfenttadiati spbruanefliverdi gontadned t e ple t sanofiber

becorre gores In this case, the dianeters of the
dispsreion Lawid is prefesaldly. inFtlenrangs of Op%Q%é%tL v, %.aAng more
additive fqor control]ing the stabi I|ty of th

prateaablsban dhes pansge obf pr‘ﬁll dodfrdi Ayt Hloigr {rhﬁb tbpoeéggﬁber
may be .contai ned. Al sao, |onger fihers are |ikely

coaﬁﬁraﬁa‘flaar 45 £0,Eh? FALLD of AoV aibe Of AUIRQfings commIdet SO that

r t he re.likely to c e the nanofipers to
Of% Tels ppobfibee dspess Pé@fgpaoﬁeféms ?%P@%ﬁﬁelt ?@%Bf@ﬂon
nds to 1 r Fur.t her
to e LB Phot Sitoet Brefeptiy ‘E&Wrorﬁggs ERREies o slppression of
p. or umber bengz ri n I [ k [
mitf U afreBelifh ¥t (HERSRoRbelt ART e’ hREBRY KEiaRphidE ot the
na%%ﬁb‘é?s ﬂ)gtg{eeﬁﬁ}ﬂo% té Be Ifaéiﬁka’teHPAPs%g %el%%e advantages that an
attaching amount of the nanofibers to the support is easily adjusted, and
capabilities, such as liquid permeability, air permeability, and a capturing
capability, of the nanofiber structure produced by using the present method

are easily controlled because of the low concentration. On the other hand,

setting the nanofiber concentration to be 0.0001 wt.% or more, or preferably

0.001 wt.% or more enables the nanofibers to be mutually entangled and the

formation of the mesh-like structure to be facilitated. Furthermore, there is

also an advantage of improving production efficiency since it is not necessary

to store and handle a large amount of nanofiber dispersion liquid, and only a
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therefore the pore dianeter tends to increase. In the
present invention, the support is not particularly
l[imted, but a 15 nonwoven fabric, paper, a woven
fabric, a knitted fabric, foam a film a sheet, a

t hree- di mensi onal nol ding, or a conpl ex conposed of
them nmay be used. Also, using a porous support
enabl es a nanofi ber nesh-like structure to be forned

SOk op el & pebessfiut €rasbRar R BRSNS ife SR B co the
tbe sel ected in consideration of 20 capabilities
Su&’@%’ﬁ 'as the air perneability, strength, and form

t afyj L . fii b
:Xglﬁipla'éil’ﬂ:'{tﬁ(gﬁ,t E}ée %%'H&h%%? g‘ng?gla o! Etrruﬁﬁfrﬂcé#li Iqjtee E@Etgoﬂed by

case O lon to a

vartROEctbi, Vfﬂecgsoﬂ&f thal 18" Be ?Ho%%& 3k 3R AL LRSS state of

are 1n conmmuni cation wt one another In a usage

nEDHRE BN thé S @fRF alPlsBedsdion VAGH. tThik NG ARE cdthtrolled by
and l1quid perneabilities. Also, in the case where the

nH KRR AonREAtra iU R fity He"ﬂw@eﬂ%gfol}bﬁér Lamphisin® agedbers
on a surface of a support is used for an application

arflg Higersidy Rediwel hahiddtionof disprdbags, orftbeSUpN AL a type of
havi ng hi gher strength and formstability is

ther dikperdane, fdrustdinphepia, thencdsaeof ddingaiseanhaneonbealispersion
nanofi ber layer is provided on the surface of a

mediypy it, 1stpreferahlepar seléatviihegdisp givamt Soorh aososivoseriaseash as
| eads to the inprovenent in wuniformty of a nanofi ber

pdlpgeeboxpliaténestsorde seies smebhak ik quatieroaty emeegium salt, or
therefore is preferable. Still furthernore, in order '

nardoniepsaies sneh astnolgoxethplenet ethen avopolyexyethnlpnenester. In
support, and uniformty of the nmesh-like structure,

order flopselect ameanpyonripge dispernantofer «xayple; H& yhe nease of
.each_having a single fiber dianeter nore . than 1 it ir},

digprrsiut hiorusing ssharge | rensigne ampng é?adlﬂ%b%%’e&, typgy of the

difpenblE et ipstes b O I3 R diig TOPHE) DEhBRtaRe). At
P 8y B Rk TR s oL S 5 0
SRS S e P HLPRRLAT, AR Ll Tpoe i
A R8s, Ay OB FREEC o o
a‘ﬁﬁﬁp%f‘ﬂ%%ﬁ?ﬁg?@?ﬁ%g@gg%@{%P’SQ{E‘S rnté EQE SOt & tHoskSwith the zeta
potential in the range exceeding + 5 mV and not more than 100 mV, a
cationic dispersant is preferably added. For example, in the case of N6 (nylon
6) nénoﬁbers, the zeta potential measured by using a laser Doppler
electrophoresis method (around pH = 7) is — 14 mV, ie., a surface is
negatively charged, and therefore, if the anionic dispersant is used as the
dispersant in order to increase an absolute value of the potential, the zeta
potential changes to —50 mV, whereby the uniformity of dispersion can be

improved. On the other hand, in the case of dispersion by using steric

repulsion, if a molecular weight becomes too large, an effect as a flocculant
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15 In the present invention, the use of the nanofi ber
made of a thernoplastic polyner is inportant, and
this enabl es pul verization to be significantly
suppressed even if beating is perfornmed, differently
froma conventional synthetic fiber. The nethod for
produci ng polyner alloy fibers to be used for a 20
nanof i ber abrasive cloth or a nanofiber structure

raff& oflga{rf g 418p(%rs§1np ﬁ)gg’o‘%n%% Sigqnv ﬁné Qm'ds tlﬁ&&%‘e, dcontro]bing the

partlcu e OWI ng ne

Jlﬁi)feqv(ﬂ% B AP fs e-ggg‘ht'%l P%ere Iemi e BX]I?'e% Qise the

yners r spectlvely avi ng i s

m%cﬂaﬁ' fﬁ}[’t &f EJ% %}fegséﬂf Qs r@Pelr‘élﬁﬂr '?19' I?glael EY 1000 to

cted to spinni‘ng f
50080" Qn&%bfedpre‘%@}db% fn? €He %gﬁgé P B0DaaE- 15'666”H0We%% "Wen in

heat treatment Is performed &s appropriate to obtain

th@ QMEBRF didpge¥anfs RAFRg sARS BHERMA] Yoot PR itRH s FBEirahbRéular

I bers are made into a fabric by using 42 an ordinary

wéighh Qfityfeodf DPER ML doRUPNEiRG fHaeh 1R HelY, Hebnteheration of the

polymer with a solvent, or the readily 'sol ubl e

filees,ysiEe anbshdxemp@hﬁdm@ ddentphy a8l indldedye, fndeahsrefoidit is
a solvent, followed by making the fibers into the

préferable vWheebky @ appoofrihtr didpeetahi kecordimy ital a dgpe b’ the
obtained. 5 Also, renoving the readily sol ubl e pol yner

namobilbetrs) eapapplieatien,| @ya phirpesess and adjset vhe dispegsionsliguid. A
a nanofi ber bundle used in the present invention.

conprrgratian  ofj thet dispprsiapties Iaielt'e;yl%isr e rthe ramgie fz0.00001 to 20

precursor_to the nanofiber, the readily soluble
w %l qfr‘ﬁbﬁ Whelalispersion laguidpmare praferpkly %@wtlw@ge of 0.0001 to

A I B e

ands..i s 1 nportant e .islan ecided in
“§@"é rﬁ’fr;’g‘t e %thJF(bg %lét@i“i“%ﬁﬂ %isot Fi rPraF‘?Séyls the
fiber. is obser t hrou a transm ssj. e
comi%la%ggowceﬁw? Wb oniagt, gierdon lidtidy Bl shéftfore may

ui val ent ., di arre m t.he ohservati

| f .
hgr, Sn° THEARE, 57 ¢hs emieﬁ i sPRdiger TR i 0 panofiber

cof e BR R AR B e ab lflﬁﬁ&ﬁa"%' D pidPebE 18F B fbers are
hﬂ%@fego 0P ! ggcoqidséﬂlsrblétgjg'?@g&fedf h&n@aﬁ?gﬂgp ®¥ith the secondary

aggregation, a pore diameter in the mesh-like structure is likely to increase.
Alsb, if a drying rate 1s high, the dispersion medium evaporates before the
nanofibers are aggregated, whereby the secondary aggregation of the
nanofibers is suppressed and the pore diameter in the mesh-like structure is
likely to decrease.

Also, the surface free energy of the nanofiber dispersion liquid or
wettability of it with the support may have an influence on the mesh-like
structure and the inflluence is likely to occur particularly in the case where
the nanofiber dispersion liquid is attached in a film form. The reason is that

in the case of high surface free energy or low wettability with the support,
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di aneters. Accordingly, kneading of polyners to be
alloyed is very inportant, and sufficient kneadi ng
with the use of a kneadi ng extruder or a static
kneader is preferable. In addition, sinple chip

bl endi ng (e.g. Japanese 20 Patent Unexam ned
Publ i cati on Nos. Hei 06-272114 and Hei 10. 53967)
results in unsatisfactory kneading, and therefore is

thistabiity, ‘lfteﬂg?%hﬁﬁgﬁ ioRAEiR AR ﬁ)ﬁ 5 RHBisER S0 thaP some
pagf¥ ﬂ@%{ ’3&'&?;@% i ggé’f?ﬁlﬁ&a}“& B QChroily Wﬁﬁn’@%&%&%‘*% of

5 i .
evgﬁtg:t[a b(#nn gfét}he dﬁ#ga%?gtﬁa%dﬁ[ {18%%%5‘%5 %%@ém' %&QS In this
cagé Vth%' er aﬁrs%&'%&?%agpésyte% etoth:{*elal‘%@ F’fong%{lgh aPeifpedtive, an

respec Ive polyners

d'ﬂﬂ%) H}%ﬂH irﬁlg'tﬂg §fhbi ﬁ'ﬂ? of Hﬁj@ﬂﬁﬂﬁlt?ﬁ% dfls%&%mlf' fiqhfM Buring

neadlng machi 'hoor der” t0 preve ing

thb“d'i’?ﬂié dcﬁés%a?rbet(tb%tamge in blend ratio over

I's tine, the polymers may be independently

fe@ulsa ﬁ)ﬂ%@klfmer& 051@ LiRELY o BerEthtapled ahf. fofdS tatot Mstable
or nore types of polymers may be féd to a first

m&AtlikestPhcthhe Wwhbrdid thkykapalikely 66 cause shéadiribers to be
procedure in whi ch one conmponent is fed to a mddle

cofi€aitratedofdus he agyrogaisn nghd yhéreforef tHehporx diardetey tends to
kneader may be enployed. In the case of using the

intneiage sEnthernbre)df agnéleeabierstasctard obagohgnenhahafanctional
it is preferable that both of high-Ievel kneading and

greuppres birge wimber pbbyneeny eligddnke atliquidpaystad polpmer, the
established. A screwis conposed of a 10 feedi n%

copeantirationrnd thek neadfihers duei onagaregationeisglikebr te tpgcur and
kneadi ng section is preferably set to be 20 % or nore

there are@refmm@meé%tqmd@ftqmr@@pew which results in

hi gh- | evel kneadln setting the | engt f th
kndadihegpresert iven ynbé: £ FuRpeTt [oaet BATEHIA glﬁ’o]é@ﬂ‘ieée but a
| engt h o{qthe screwenabéags.ex SS|\C1l r StrEStoh
nowqafﬁe\fé HEPHI, B REOeDoiREfe 8 e 3%?%’18 OF"Bat?e a sheet,
ortened, . 15 wh eb%’thermal deteriora % 3 d
queﬁ R IR Eh o UG P % hsm g P
can sup rthernn Ioc
Al&%eaﬂpﬁga BERTHORE el ite, H 5‘&?%% i Setage to he
extru
foraied oBEH P B0 b BB SE BB B Sk b ShEfetore is
preferable. A type of the support may be selected in consideration of
capabilities such as the air permeability, strength, and form stability of a
completed nanofiber structure. For example, in the case of application to a
filter, a support in which pore diametfers are large and pores are in
communication with one another in a usage environment is preferable in
order to increase air and liquid permeabilities. Also, in the case where the
nanofiber structure with a nanofiber layer provided on a surface of a support

is used for an application such as wiping, polishing, or grinding, the support

having higher strength and form stability is preferable. Furthermore, in the
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an island pol yner reaggregation to be suppressed. In
addition, in the case of 20 enhanci ng the kneading, a
screw having a back flow function with which polyners
are noved in a reverse direction in the extruding
kneader may be provided. Also, in order to disperse
islands in a state as ultrafine as a fewtens nm
size a conbi nation of polyners is also inmportant. 25

b A3k SR SRR P BEL PR D e
<SRl e Bl e
IR s 45, RO RO i,

~thgi‘esf8fer Sk ogfﬁ%ra; h?%r@ﬁéﬁfﬂ@fe nF%rr LRI, ﬁ:ﬁﬁ{}@e affinity

prefer oop Imze corrpafl |I| I'es o

be@ﬁlee\!ﬂ%% 520 B8 G2 MU e sﬁ:ﬁ:&o?f] afd ddifrGatY oF tth% Ql%sh like

optimzation is a sol I 'y paraneter {(SP val ue)

stfg%{]tﬁré hat 15(51% tg%evﬁéé{?fo? the s%p%%i@%ﬁ:ﬁ rﬁrfeefréﬁﬁtée{& havmg a

esive orce of a material, which is deflned

mﬁ@\éaﬂﬁélatdl@ﬁewmd chmA A e ) Ho, mopd tlhfan 10 ftm are
pol ymers having close SP val ues are used, a pol yner

préfdrallynavéd) Ongd etore FblY, | dlYrathye b&rmbbac}m éhvindR single
val ues of various polynmers have been known, and are

filkesdianhddr intore” fastli ¢ dasnd Bagkihofe thanli & e!dnb\ﬁré\smbd. Still
Kasei AM DAS Co., Ltd. / Plastic 10 editori al

fusidpaniorents, nmelalSQf ghd spyert pagesy . particalalilyf Boktek but
in SP value between two polynmers is in the range of 1

preferablyvielRdd 25udhotthat othedinagrofiber t dispexdiomdlidoithidees not
due to becom ng inconpatible and an ultrafine

detiexspeate iform stabiliyof nﬁe sypport &haedditign,dn the case of using the
preferable. For_ exanple, the difference in SP value

rapermakingiemgtepbethe nageithexi dispersion klwl/dwﬁ}xwlzi be passed

which is a 15 favorabl e exanple; however, .in the cas
thgeugles thmeupports aed bheeEhrient &b 1TRDEANG K afethe BHRARE HOBPTOUS.

is approximately 11 (M)/ nB)1/2, whi.ch is one,.of
unfé‘v&ﬁ’ﬁblpée%‘%(&nﬁpg%n tipps fhej pisg gf ¥ tlé?e‘ﬁ%%oﬁl??rnépf‘ﬁl‘ﬁg(’f a

RS M 2000 L SShioR LAY LAY o bo
Slwﬁa?ﬁ%ﬁxxwweﬁaeiﬁisﬁgﬁe heARE i aryTotnéa, AEEREHHm o
conventional synthetic fiber.

The method for producing polymer alloy fibers to be used for a
nanofiber abrasive cloth or a nanofiber structure according to the present
invention is not particularly limited, and the following method may be
employed, for example.

That is, two or more types of polymers respectively having different
solubilities in a solvent are melted into a molten polymer alloy, which is then
subjected to spinning followed by being cooled, solidified and fiberized. Then,
drawing heat treatment is performed as appropriate to obtain polymer alloy

fibers. Subsequently, the polymer alloy fibers are made into a fabric by using
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to arise, resulting in high efficient kneading, which
is preferable. Also, in the case where a pol yner that
is likely to be thernmally deconposed or thermally
deteriorated is used as one conponent, kneading and
spi nning tenperatures shoul d be suppressed | ow, which
has al so an 25 advantage. Note that an anorphous

pol ymer has no nelting point, and therefore glass

R e
ti hnt . E he, i i i

col5Fh SRR e B oot B8 G et S

FHRGA MBS oSO AR b3 DR bR crhy o

na;n%ﬁbg§ fsﬂ(aé@ﬂx@ %:lz&ferfa? Sah Hediaii yner due to shear
: ing in

Orce, resu acilitating an ultrafine

di S@B,S. 199109{11%5 thB eréa?llﬂgn So1RBly ?@ﬂyml iefmi Bhe polymer alloy

preferable interns o rocessi ng polymers into

ﬁ%@?%gﬂerﬁlvemv‘@é’s@ﬂts $6t 4T REnbABer biifA3é (Wsedl ihNEhe present
I sland polyner to be too | ow causes the change of the

inPOAHRr into a sea state to be facilitated, whereby a
blend ratio to the whole fibers cannot be increased,
andNseetteit olretlid pol§meRredlog fibdrethiad is atpréberset $6 tlsé hynofiber,
of the island polyner to be 1/10 or nore of that 10

thefretffy sedulplel polemerAbmas ihbe ansdd puitsGoaiiy) ahd tthe slightly
sea polyner may have a | arge influence on

sobyiilapabithéet fornenihtd islandarts Glgmhipssrand ¢dntaolling the size of
viscosity of 100 Pas or |ess as the sea polyner

eathof the mlesdaisimpertant Tlef isldwd sigkandegideg e sugha way that
therefore is preferable. Furthernpre, this enables the |

a gpssraattion of thopblyme allenfibpr ahebserveg thraugh afrapgmission
case, the nelt viscosity takes a value at a spi nneret

elecsrqye micressope (THYMS pndrthegsiae ds e vakeated ag a @rclesggivalent

dig;%;‘@%ﬁ’ g@tgp_ tﬁhqusy | r;%af?i];)g; Ei_wnni ri}%rg%?q Y g{;gfé'gi nei%lel yprecursor allows
i nventi on, .coolin ondi tign for njs i rtant .

arpaPREPImke iamesit T AROLRHfobé decidedy 4o distbution of
aboye, . t he pol r.all.oy is,a ver 0 _unst abl lten

the B0 e, AES dsieaied bpasth Py Ehdfisirigir gt G Bagofiber

mi’&%ﬁ?ﬁ%ﬁ&ﬁaﬁ@% 1?16? | ngg) %El}iraerhsat% bbeee(teﬂoggelds 1%@%&'9 (ier%portant,

and sufficient kneading with the use of a kneading extruder or a static

kneader is preferable. In addition, simple chip blending (e.g. Japanese -
Patent Unexamined Publication Nos. Hei06-272114 and Heil0-53967)

results in unsatisfactory kneading, and therefore is difficult to disperse the

islands in a state as fine as a few tens nm size.

When kneading, although depending on polymers to be combined, in
the case of using the kneading extruder, the use of a twin-screw extruding
kneader is preferable, whereas in the case of using the static kneader, the
number of divisions is preferably one million or more. Also, it is preferable

that respective polymers are independently weighed, and independently fed
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this, a distance fromthe spinneret to a point where
the cooling down starts is preferably in the range of
1to 15 cm Note that the point where the cooling
down starts means a position where the active cooling
down of the yarn 25 starts, and in an actual nelt
spi nning machine, a top end of a chimey is
substituted for the point. The nanofiber abrasive
c L 1h ent epti .
to é%lpea%1 é:ﬁa&h%% h oH‘e M p% %&g?gﬁ?ﬁ[ﬂg g{&?%rllﬁgsd ?)'i‘ the

| dsPE I PacE roughness of "a

CH%I 15 hﬁeﬂang{ihg eé‘b‘%b rtﬁﬁé.\/?&tﬁ ltﬂié1 tB.fﬂ rfgﬁ.ep&gﬁz%ﬂgrs may be

|on ena Scratc

1nﬁ@%9n&jéﬁ!fy FQ bg aai)éﬂétnﬁ)‘hs[,i-rd%?itr?grlﬁatgﬁ &hed. %@5 & or more

sent 1'nvention’ 1S not onl y an

typRRbLF 68 ﬁa{j)z'n%l's% %Cfeg'tﬁiﬁ Rt 20808 of RHE ,eﬁf%cﬁﬁg kneader, or a

preferably use for grinding or polishing of

siflé B BhFIre &AL PIRMicK Bhe (cBmpénRnehis Foll RAA LBid@e E&&®ion of the
like, or used as a wiping cloth for the equi pnent by

prebéddigg BstbinSoftHel &g eudimatiiieRks may beXnplovéd., and
Wi pi ng capability. Furthernore, the nanofi ber

st riicthe eagbbvfiueiit the twimgcidwe exbiilididg flateaddd as a kneading
produci ng a nanofi ber structure according to the

mpciemenit isrpreferable fimt Hoiliof digk-levd] lowlagditpahisuppression of
above-descri bed polishing use, but also to various

a pshanér vesidencr tiales pémdaméaesltgbhsh@i siclorews ia comglosed of a
to industrial use such as an air filter and a liquid

feedingesectipn ande dineatling sectisah amsl alengbofithetlacading section

_applicable fields include, for exanple; an air filter

is paplesablyeset to b0 Yaor mera of spsifactivedength efthessrew, which

systemin a fa(itory, an i CI neratlon pl ant

regplts i highlevel| kwd&n& pefitiaghdhe cleneph Pl jf@leadmg
segaggép Pe éwp qLE teéﬁb%r:ll?/p qeggtg]aqft ig&\élléév? éna es excesswe
S easggﬁg&geoﬁ%%ﬁ'é'% SpfbeStesiAarse dimsparioL iy B dBgetened
o BRRBUB0 ohGgT ERAF L poai
cogﬁlbqsnfeglrgte Pgeéh”gf}?h a(g cu a#u}ﬁggé;erdpmﬁﬁe%ﬁdre' rﬁ)&{ﬁﬁé the
kneading section as close to a discharge side of the twin-screw extruder as
possible enables a residence time period after kneading to be shortened and
an island polymer reaggregation to be suppresse'd. In addition, in the case of
enhancing the kneading, a screw haviﬁg a back flow function with which
polymers- are moved in a reverse direction in the extruding kneader may be
provided.

Also, in order to disperse islands in a state as ultrafine as a few tens
nm size, a combination of polymers 1s also important.

In order to bring a shape of an island domain (cross-section of a
nanofiber) into a circle shape as close as possible, the island polymer and the

sea polymer are preferably incompatible. However, a simple combination of
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wal | paper, and furniture; autonotive interior
applications such as mats, car seats, and ceiling
mat eri al s; cosnetic applications such as cosnetic
tools, 25 cleansing sheets and skin care sheets;

i ndustrial material applications such as battery
separators and building materials; daily life materi al
applications such as mﬁping cl ot hs, cleaning sheet s,

th@qgféﬁnggﬁbie %‘aﬂﬁértsr&e%ﬁitg;i F{Tﬁ }Jﬂ:kz ufﬁcrently ultrafine

I ons as sensor
RSB P MR EASHAH o et

ﬁlﬁ"v HiBtisy *mré@t er{l%@é’s 0 berbonﬁaa 21;1 §1§d ohe [GEIHRERBR to do

entionis bel ow I n eta| with reference

thé SptieXi3AHbASs alBl @AY bﬁ?am@%eﬂ]@%h@l] N&NIRE thB SF‘@alue
exanpl es, the followng nethods were used. A

is Wl §§%:héﬁér01feﬂ@@hﬁ§ﬁ;roh%iv‘é fore€ @8 ial hidgerhl, p@hwne@ dl@ﬁﬁ@d as

nmeasured with the use of 10 Capillograph 1B
v%{jwéa@h%migby/ Tolar Seiliiinepe, Stﬂi‘dl‘lﬁ?)@lyrhéﬂs hlaRing close SP
a

tion retention time period of a polyner from
vabasgde seid anwlymea allogriavihg goed sumpakibiliyamagelbe diotained.
10 mnutes. B. Melting point [ A peak-top tenperature
SR ataliees eprasents pglythersmilatvienbead langeal,yaed, arel Slegbitbéd in
was nmeasured at the tine of 2nd run with the use of
“Phetici Pat Mook’ fecediteday dehhndfams AMABAS Rg..pbtdit/ Plastic
During the measurenent, a _heating r(ate was set to 16
editonioh depasiment, page| 18 %awd mhmamﬁs uHtaediffeyence h@ SEcyalue
Shear stress at di scharge hol e .of SF%I nneret A she

between §wpdiohBwarais i therangnofd b W@?’H’?‘ bp%ﬁpunémg of

the {51689 Kugia) dpio be q'%%al%bg%%?sogﬁéa%%ap  ulfrafab dersion
ar%fg% extithnbeds E‘F@’c RS Reymantile, B fifqrehge in SP
IR e e T
faxgcﬁ*abfe gXargple, however, in the case of N6 and PE, the difference in SP
value therebetween is approximately 11 (MJ/m3)¥2, which is one of
unfavorable examples.

Also, if a difference in melting point between polymers 1s 20 °C or less,
particularly at the time of kneading with the use of an extruaing kneader, a
difference in molten state therebetween in the extruding kneader is unlikely
to arise, resulting in high efficient kneading, which is preferable.

Also, in the case where a polymer that is likely to be thermally
decomposed or thermally deteriorated is used as one component, kneading
and spinning temperatures should be suppressed low, which has also an
advantage. Note that an amorphous polymer has no melting point, and
therefore glass transition temperature, Vicat softening temperature, or

thermal deformation temperature is substituted for the melting point.
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25 di scharge anount (cnB/sec), and it: a circle ratio.
Furthernore, 1 dyne/cnR in the CGS unit systemis
equivalent to 0.1 Pa in the SI unit system 48 D.
Uster irregularity of polyner alloy fiber (U®W
Measurenents were perforned with the use of USTER
TESTER 4 manufactured by Zellweger Uster AG at a yarn
feeding rate of 200 Mmnute in a normal node. 5 E

T RETERRY el SRl T, Mo MBhRRET SHR Shbfbe o mel
iSHERY A BTG bR LTRSES b a&g@te@@p@mﬁ%& of a

pofﬁﬁéﬁ c%ﬁﬁ:t Eﬁﬂﬁendéerae%'éké) rfamﬁ'@éite\é" e ?o tﬂlré St 1sland

ul'trath cross-section o
po[ﬁﬁ@f daé té“@ﬁezﬁbﬁﬁ&éf %sﬁﬁh@ﬁf‘f&%ﬂﬂa ﬁ%’.lt‘i'ﬁﬁﬁ@ chspersmn of

éllectron mcroscopé (TEM. Al'so, netal dyeing was

th@hs4hdqblps e ARPRRM is%h‘éfera'ﬁw IRy 6f pidtebdifgGRiPmats into
a structure, a nanofiber bundle prior to dispersion

nawesbusL Hovéwd) wtkily e vikédsafyhofithedemid polgeitb KeUfoo low
in a cross-sectional direction, and with the use of
catibes thet dhainigervnfhg pRhimed inior Dsea siatt tobedhceilitated, whereby a
nanof i ber was observed through TEM Al so, netal dyeing
blétd wasioptothdedhalke fbersopmnabt. bel B\drappad,annd : therpore it is
H 7100FA manufactured by Hitachi Ltd. F. Nunber
preferabkigdoseh the viscbsity of tleedand pdlyaiemtst lee 1810 or more of that
nanofi bers A cross-section of a sheet-like materi al
of tmees polygraranof i bers is observed through a
transm ssion_el ectron mcroscope (TEM or a scannl ng
20 f‘éﬁféc&heomelﬁ viseeabpel tserga palyanen man bave aflasge ipfluence

nor. e SI e f s ra domy sanpled in a.sa
Ons“@éltm%bf qég%flé@jo wlﬁm%arlthé\/&sa@%twgf &g %’%—%or less
d t erm ne at..three or ts
&Pﬁngdbﬁ%%@?a?lil S Gisnersion; aftber iqjapd polymer and

thefedfFe. lesif’)sb %@fe? Eﬁa{h%%%?rsg ﬁﬁ%’l SRRt Qb abality, o be
SE

sighptifndy SR BLOE ) i Bl Ve [l ssR Y thited doyARE at 2

spﬂﬁ%%'f gergf:ella%ﬁf*é dh?l‘h%l Squlni]thoaIQ& a'fle Sr?‘ Pegl)F 1216 secl.

At the time of spinning an ultrafinely dispersed polymer alloy used in
the present invention, a cooling condition for yarn is important as well as a
design of the spinneret. As described above, the polymer alloy is a very
unstable molten fluid, and therefore it is preferably cooled down and
solidified immediately after it has been discharged from the spinneret. To do
this, a distance from the spinneret to a point where the cooling down starts is
preferably in the range of 1 to 15 cm. Note that the point where the cooling
down starts means a position where the active cooling down of the yarn
starts, and in an actual melt spinning machine, a top end of a chimney is
substituted for the point.

The nanofiber abrasive cloth of the present invention enables a 0.5 nm
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fiber dianmeters. 49 Note that in the case related to
the abrasive cloth of the present invention, a parent
popul ati on of the neasurenents is decided in a manner
shown in (1) below, whereas in the case related to the
nmet hod for producing a nanofiber structure, it is
decided in a manner shown in (2) below. 5 (1) In the
case related to the abrasive cloth of the present

oﬂzlg%g Qﬁft%ce r?ll'%l?fers% o?%?harra]aallsﬂgo %(3 @% Eﬁr exceedi ng

case fic gravity of

1. 1Alsg/ @Hgézﬁn%ﬁﬁerlgbflas%@ é]?otﬁlfof th& rﬁg}é&g]t 1%%1188113611211)198 300

fibers’ avin et er

s&awne;ggwlb%ggglm gm&ﬁ'ﬂ&%‘@ﬁ@gb&“ ed and then

measur case related to the nethod for

pr O'@Hé'eﬂ:ﬂ-a%v%agefﬁ B¢ the PreSh et isS n ?é‘ﬂiﬁx@ﬁd"tﬂ% y an

di anet er exceeding 1000 nm (1 n the case o

afifeGitionCofH A di¥k S)Bhéhﬁﬂg BLE HBy bé p§éf@%lﬂyf1i§éﬁrfor grinding or
fi neness of 9 x 10-3 dtex) are renoved, and only

pdlidhens oﬁgﬁéblﬁaﬁleﬁgulﬁnéhﬂ ﬁirq:htel lih%roqumttg or the ﬁ!k@,gor used as

from1l 5 nmto 1000 nmare randomy sel ected and

a thiyingeelsth efbr the agifliipment by ttidzhas dtyhgiréiceasmodthness,
nanof i bers conprising the sheet-like material has a
flemibilityeaind maprgsemidbality. a cr oss-sectional area of a
single fiber is first neasured, and the area is
def Fuetheamone, thecsandfiterasitredtere obsaned by uhag thaenethod for
cross-section is the circle. Calculating a dianeter
produmnghe mEnodthen afruoivret hecayding etof ither puisentt imvendion is
be qbtai ned. An average val ue of single fiber

faypradie b only tohsi shatedeseubpdpolishing use, Bihglse to various

fiber dianmeters, are neasured_to one decinal, place in
useiirpmimatryialgdor getatlyph epwéleas A magh f@fmfiﬁgtrlal use such as
di a ers i.s round of f ngle ber esses
a%ﬁ@%&%ﬁ}lé@éaq tex do Iao‘Hﬁg’é& gﬁﬁgﬂ@flfaﬁ@ebloo ter.,
ters 25 SI e average of .t
oS, ShpliANIe e ls SRRl Tt eRe PRl Ay 1558 o7 & ¢lgam room,

as, a»%%moé@%r QR 2B L S RSB e«

hOtlE% S&he qlke, a lhiquid filter for chemical processing, food, or
pharmaceutical and medical services; a HEPA filter; and a ULPA filter.

It is particularly preferable to the HEPA filter, ULPA filter, or blood
filter using the mesh-like structure.

It should be appreciated that it is also preferable to generai fiber
applications:  apparel applications such as moistufe permeable and
waterproof materials; interior applications such as curtains, carpets, mats,
wallpaper, and furniture; automotive interior applications such as mats, car
seats, and ceiling materials; cosmetic applications such as cosmetic tools,
cleansing sheets and skin care sheets; industrial material applications such
as battery separators and building materials; daily life material applications

such as wiping cloths, cleaning sheets, and items for health care; IT material

47



10

15

20

25

statistical manner. G Nunber average dianeter of
nanofi bers The nunber average di aneter of nanofi bers
is found as follows. That is, circle-equivalent single
fiber dianmeters of nanofibers were 5 calculated from
the cross-sectional photograph obtained by the above
TEM observation with the use of the inage processing
software (WNROOF), and then a sinple average val ue

'ap%olctaﬁ%ms ﬁogg " ﬁex@oﬁagﬁ fde{Bs; dl%@ﬁ_}%taf fica&?&s Yuch as

re nanoril ers een ran

oSBT SR ST o0 (A gt o
Cuflhﬁ%rsufb?ﬂ%'ﬂ@s%@gwgg nanofi bers The variation in
|

single Tiber neness among nanofibers conprising an
EfhhaRisve cloth is evaluated in the follow ng manner as
descri bed above. That is, a single fiber fineness of

eacth®hpréfmtnanehipar i Hélsctrh%dabél%%* Y& deteflhwith reference to
obtained to one significant digit, and |let the

exabilescth ¥dditRnhas Hhéasurdi®s aldthbde i1s Yhe ekainpddn, BBe dollowing
total fineness (dtI +dt2 + - + dt" ). Also, a single

méitds wWwéreaneds of each of the nanofibers is obtained
to one significant digit as described above, then a

A fMebtuapmgityfidodymenf nanofi bers each having a sane
single fiber fineness is counted, and a product of

t hevtelfi widensities t b polynedrsf iwenee smensurtef | weth athea use of
fineness ratio of the single fiber fineness. 20 This
logeardndB manufaskurgarbyt Texe Seki Setrakmveshe, dddi bnpddition, a
each single fiber fineness conponent to all the
rebRIHeM Hawe periedi ab@ ine m@raﬁpatus\a@aﬂeoﬁﬁttm%rt@ a start of
single fiber fineness. conmponent having a |arger
meagire et WAL et PR manutes ger contribution to
;@a acter) t| cs of the nanofiber abrasive cloth. In
tﬂ’?‘%ﬂm %n the pr esent i nventi on, a variation in
sin i ber fi nen am)ngs% nofl

obt ﬂj@% ‘105 f&%ﬁ%ﬁ hafenr svraefﬁer e ok :%eaolymen
wiEBaFat iicashisel 2 p Qe PP 2RI SHRPFAE SHE 5 BRARIR Elmer
DgE-1 tw%edgﬁn&? L ? atp ﬁ%g&%h i5) CtﬁQ Li:flgaétt{}le%nftha%eatmg

Cross-section o erla
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ransm ssion electro
C. Shear stress at discharge hole of spinneret

A shear stress between a spinneret hole wall and a polymer is
calculated from the Hagen-Poiseuille formula (shear stress (dyne/cm?) = R x
P / 2L), where R: a radius of the spinneret discharge hole (cm), P: pressure
loss at the spinneret discharge hole (dyne/cm?), and L: a length of the
spinneret discharge hole (cm).

Also, P = (8LnQ/aRY, where 7 a viscosity of polymer (poise), Q' a
discharge amount {cm3¥sec), and z: a circle ratio.

Furthermore, 1 dyne/cm?2 in the CGS unit system is equivalent to 0.1 Pa

1n the SI unit system.
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m croscope (TEM or a scanning electron mcroscope
(SEM, and single fiber dianeters of 50 or nore
nanofi bers that are randomy sanpled are neasured, 5
to thereby neasure at |east total of 150 or nore
single fiber diameters. Furthernore, it is obtained
usi ng the sane nunber of neasurenent and data as in
t he above-descri bed case of obtaining the average

: 'E{]QJ?J,e ' f'ﬂﬁf@eﬁﬁﬁl% . Fiber ratio 10
‘ D'\Ii[gtgﬁéglgﬁfeﬁg;le i%%éélglﬁgaﬁedtle 0 eac{ﬁj of the nanofibers

be Mibadiredsdie Whfe RBMGIADH YR theOlsd g?“ g@qfraqt PESTER 4

nanof i ber cross-section. Then, the sum ~ square o
mbhufdt@retl W2 2ctwegdi@UlerAGa vhin FeelingYaicSof 200 m/minute

calculated. Also, let a fiber dianeter of each of the
inReReimh Memsdewhi ch falls within the dianeter range

nore than 500 nmand not nore than 1 u m be D . Then,

E.tCwss woetidnad cbsefaittdioDihddt-1{{dlateBZPthrough ANR) =

ZDi2, (i =1- m is calculated. Calculating a ratio
of IEDih: tascbof hnadbrawid elotlyr £ aheat-like (metahd] watkiembedded
of the thick fibers to all the nanofibers, i.e., the

infd ker epaty vesin, feomethieh .an) ultrathiat segment vesofeberut in a
di aneters The variation of nanofiber dianmeters is :
cresgadegtivndl ardatldmpwand Twitth ithe nse of Othes udtrathit eggment, a
with the use of a fineness ratio of single fibers o
crogsosestignaishe shee-tike mentaridlwas ebsseved thymighea sfandmission
single fiber djameters of the nanofibers falls within
elegfrqimiqueseonsd ralso; metabdyaing grasciovednd as ppargriate.

71 AHbEtmpre, 1n {to chigRbrs Bt foReBelibat Pyndle prior to
AiRAFR; M S 450 SR NUUFD 1 TR SAARY TG LAt in o
er el okt S, TBECL oL A SuBke R AR
o PR £36eRolihBeP s trih Bl AAbNER TG, maatifaeine
W ﬂﬁv?de"(‘fhgé ?Pﬁﬂ?eif&@ and a length of 20 cmwas taken

roma shee nat eri al (abrasive cloth), and a
¢ . _ .
ORISR LG RA AR FRAEANFLANY SAEREL D
F. NuniBeCiRéage a8 TldrSithfd a0l didnfatt fbfhfofibers

A cross-section of a sheet-like material containing nanofibers is

observed through a transmission electron microscope (TEM) or a scanning
electron microscope (SEM), and diameters of 50 or more single fibers
randomly sampled in a same cross section are measured. The number
average values are determined by performing at three or more points a
measuring procedure in which the single fiber diameters and single fiber
finenesses are obtained from a cross-sectional photograph of the sheet-like
material obtained through the TEM or SEM with the use of image processing
software (WINROOF) to thereby measure at least total of 150 or more single

fiber diameters.
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5 while the sanpl e was extended. Based on ‘an obt ai ned
value, a load per a width of 1 cmwas defined as a
tensile strength value (unit: NNcmwdth). Al so, the
stress at 1 cmelongation was defined as the stress at
10% elongation. E L. Texturing of hard disk 10 An
abrasive cloth was first shaped into tape with a width
of 40 mm and then polishing was perforned for 25

seconds using as a polishi target a . su rate which

‘a é‘&@ﬁeeﬂeatamyth&vaweatsﬁ]@tﬁqT 3#. ﬁ&%%@?@%ﬁ@% the present
.wWth N-P and theln polished, under the.conditi,an that
ingesAosb &S BRFERY RARYIBHOBIOLI0e e GRIF STEpIF d dpGidpflan a mamner

S S DA T AR s

nh0BPeG Bttt &t S o b i {0 G
St} 208 B in aBRUAT Y PnEeRlhges LB AT HREQ9R soypsion
CurPReLT PO RS Kot B e B 53 iy ¥ Bt oflon 6

(a %ﬁgéﬁg%g@gmgfﬁg4%@e 3541084 BbxlQre 2RblERT ¥nd thy fibers

_ Substrate sanple, and then b
eatd Ch2aHB9a t BANPFH CFiattde SraRlpih P EFrd@ AOhA To 25 nm are

substrat'e surtface roughness was cal cul ated. 25

raf@6indy SHleBHISAE The® Mihshesd si des of each of 5
substrates after texturing, i.e., 10 surfaces, as

Me@3 ur i rheale8Sd Sreldted Bo/nider nedthedr ficpesdueng a nanofiber
nmeasured with Candela 53 5100 optical surface

staabyzer. Then, an eval uation was performed on the
unit of the average value of the nmeasured val ues at
t heFiberseadinhasingadifnotersercaedings1Gi0 hesénwthe case of nylon
consi dered acceptable. L. Polyneric elastoner content
6 & #perifit gravity ofl Jdl g/om?), @ sihals: Bhexr finenesstnff ®d % diex) are
such a way that the _ ) _
removed, and only fibers each having a single fiber diameter ranging from 1
nm to 1000 nm are randomly selected and then measured.

In addition, in the case where each of nanofibers comprising the
sheet-like material has a modified cross-section, a cross-sectional area of a
single fiber is first measured, and the area is defined as an area of a circle,
assuming that the cross-section is the circle. Calculating a diameter from the
area allows the single fiber diameter to be obtained.

An average value of single fiber finenesses is obtained as follows. First,
single fiber diameters are measured to one decimal place in nm unit and the
decimal place in each of the diameters is rounded off. The single fiber
finenesses are calculated from the rounded single fiber diameters, and the
simple average of them is obtained. In the present invention, this is referred

to as “the number average single fiber fineness”.

The number average single fiber diameter is also found in the same
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pol ymeric el astoner was el uted and renoved from an
abrasive cloth wwth a sanple area of 1 n2 by using a
solvent or the like, and then weights before and
after the eluting and renovi ng processing were
respectively measured. M SEM observation 10 Pl ati num
was vapor-deposited onto a sanple, and the sanple was
observed t hrough an ul trahi gh-resol ution

fiel d-em ssion scanning el ectron mcroscope. SEM

- stapipliealt mONNERMR- FE- SEM manuf actured by Hitachi Ltd. O.

Mechani cal properties qf fiher [ 15 A | oad-el ongati on
Gy %V%Bg%ﬁﬁ’éﬁe@ﬂmgé@ﬁﬁo fperature (25 C under

RSt TS ol B W5 G0

i AT TR AL e N
eyt iy che ifeNeshoRal hlo Mt b By theabove TEM
oSG FORIYA VL PP B4 Y o RSB AT T ABOOR), e

e oy . ooy _
th%%{?%ﬁ'g?’a%e%%%%l@e.o\f tﬁ@:r%lg\‘ragég‘tfdéﬁ&g t?ft'cté'ﬁ%g%lglé? ?Jr&?%eters of 150

ressive cC

or TaBFd hHoHPERS tﬂﬁ%f{]ﬂééﬂ%aﬂg{iorﬁﬁﬁgdﬂlbwﬂﬁn 2 2alRAGdES-BEction
equi pnent: Aut ograph AGS-500B manuf actured by Shi nmadzu

Wi RRAIRLE® AndNised B (15AEMcAlatRfh.M™, 54 Thi ckness of
sanmple’ 0.4 mmor thicker, (If a sanple thickness is

H! Reinbdodvdtade Wlriatithl inpdia ghafibéefinahesssddokig thansfibbrs
that the thickness of the stacked sanples is 0.4 nmm or

t hi Thewaahdiorclwsisie fibed fthemons antbrighranoftbensred)prising an

and 5 Conpression speed: 0.5 nmm m nute. Then, a
abrakiia daghigeedtseennathei follonting mamtreacdeneribedi ahove.

| oad obtained by the neasurenents is graphed, and

t anfhat isla gngti Bheisfinendssiof each of the nanofibers in the abrasive
cloth is obtained to one significant digit, and let the obtained value be dt;
and the sum of them be a total fineness (dt1 + dtz + - + dtn). Also, a single
fiber fineness of each of the nanofibers is obtained to one signiﬁcént digit as
described above, then a frequency (number) of nanofibers each having a
same single fiber fineness is counted, and a product of them divided by the
total fineness is defined as a fineness ratio of the single fiber fineness.

This corresponds to a weight fraction (volume fraction) of each single
fiber fineness component to all the nanofibers contained in the abrasive cloth,
and a single fiber fineness component having a larger fraction value makes a
larger contribution to characteristics of the nanofiber abrasive cloth.

In addition, in the present invention, a variation in single fiber fineness
among such nanofibers is obtained in a similar manner to the

above-described procedure for obtaining the average value of single fiber

finenesses, i.e., it is obtained by performing at three or more points the
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kg/cnm2 and 0.5 kg/cnR are defined as respective
conpressive elasticity values. A value that is the
conpressive elasticity value at 0.5 kg/cn2 divided by
that 10 at 0.1 kg/cn2 is defined as S. Q Abrasion
resi stance A test was perforned in conformty to ASTM
D-1175. Specifically, the abrasion resistance is

defi ned by a decreasing anount (ng) of a sanple

partialyeogfainangranaliRarhis Olbﬁerﬁ%ﬁﬁf%ﬁg%‘i%{]ssg%%&m
kprcave (B0 So S Rer ST RhiseRut TREb B Suete e
ifsoefeed P mereRepaRtor at 3t SN FmBleR qup measured
B Y e
rOHARRETS 03k PR SEb o YT oment ond
Aot oS 2P AR (0ol BRUARIRG soflafh value, of single

ARSI RRENM condition that a curvature radius in a
neasurenent and detection section was 1.25 U m a

L %ﬂ?ﬁdrﬁioa detection section was 30 55 cnim nute, and
a roughness sensitivity was 500 tines. This

NS £¥Bile MRS MehlctsBllesth bhthelfasdfilrese dinby aising the
si npl e average of measurenment results of the 10

aIRAETRIRSy 8 $nebdRiniedr oSa Buidiiee chevsdresions Thenf thiesum of a
hardness is represented by hardness nmeasured in
squamé of 1t (dy? + do? + he+ArDv Ei8n6 =dbsaviibedlcukat@isAlso, let a fiber
K-6253A. That is, 10 or nore abrasive cloth sanples
dieandeh af icagh afsiheenahofibens) xwvhick falls svithisp dhe dliameder range
then left for 12 hours or longer in_a desiccator at a
moenpbant iienof azd Gohmeore ﬂmna tymgtbe By Thepnhgsum of a
themwas placed in a_constant pressure | oad Pargn S )
squage of it (D12 + D22 + - +Dg? = Y Di2, 1= 1 ~m) is calculated. Ealsculatlng
a ratio of ¥Di2 to Ydi2 allowed an area ratio (weight ratio) of the thick fibers -
to all the nanofibers, i.e., the fiber ratio to be defined.
J. Variation of nanofiber diameters
The variation of nanofiber diameters is evaluated as follows. That is, it
is evaluated with the use of a fineness ratio of single fibers whose diameter
difference from a center value of the single fiber diameters of the nanofibers
falls within 30 nm. This means that the degree of concentration of a
variation on the vicinity of a center value of fineness, i.e., the higher this
fineness ratio is, the smaller the variationr is. This is also obtained using the
same number of measurement and the same data as used in the

above-described case of obtaining the number average single fiber fineness.

K. Tensile strength and stress at 10 % elongation of sheet-like material
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10 CL-150 attached wth the type ASKER A sensor
section manufactured by Kobunshi Keiki Co., Ltd.
Har dness was mneasured in an environnent of a
tenperature of 20 C and a humdity of 60 % This
measurenent was perforned on the 10 sanples, and a
si npl e average of neasurenent results of the 10
sanpl es was obtained. 15 T. Thi ckness of | am nat ed

| avete ARk 199960 12113895), Bl AL DAKEL LD & Sm and a

r'st, O neasure

-leﬁgﬂhcgf‘ﬁfﬁ OfyaQthieR f?diﬂ%oéﬁeetjlggesﬁfggg %ngasmva@goaand a

cmsquare are cut out

méé@ﬁ@ﬁent%*ﬁ@ﬁﬁe&%% doistaﬁi%:ﬁ %B n&at@ R Sle %crength

stage with a cronet er gauge, kness o

tod@r SRMPEEnk n&%ﬁ%éirv%@ oPYLOlbiﬁ Rghdt A1e téﬂéiIé)ﬁ?éeﬁr oiaIO &thﬁmute
and 65 % thi ckness is neasured at each of

wikidé Hhé sfaaipmaﬁas R RA. Bithed S AR SbtadNEl @gm@fa mﬁi per a
10 thicknesses is defined as a thickness Ts (u m.

width ok ness waf defirsddesd altbksilaefrenbi vhken®ast Ndm mdach)
simlar manner to the above and defined as a

t hiAlkkogtlse $trebs dt) 1 chhelddfationesasalefmadanofthbadtress at 10%

| am nated 25 layer with respect to the whol e ,
elehgrdion.i ke material was found by the follow ng

expression (1). A thickness of lamnated |layer = (Tn -
L.Texturingfho@d @ik 56 [ U. Zeta potential measurenent

KCl of 0.001Mwas prelimnarily added into a nanofi ber

d| s‘b@ﬂbraﬂwe Floghiveas farsd shaped dniociapatwith e wislthed dana, and

=_7.by using the ELS— 800 el ectrophoretl c light

th%amﬂ@hruw@ wafoperfereed (fan20f seeonds aisyg @pSuURRlisBing target a

susirafe WSk s P Féwnéérg@élmgmﬁlf ezﬁéangnaégp teribap plpEdewith
S RSB AT Ao s Sy B oo
o A T L P 840 SRR A o o
ra\ﬁepég Mﬁg&g%@n%éu%yggodraﬁpﬁglegi (ra%ltbraglve 1g2r%111§s g(?mpoged of
diamond crystals with an average grain diameter of 0.2 #m was dropped
onto a surface of the abrasive cloth.

Also, an average surface roughness and the number of scratches of the
polishing target were found as follows.

<Substrate surface roughness>

In conformity to JISB0OG01, an average roughness was measured at 10

arbitrary points on a surface of a disk substrate sample, and then by

- averaging the measured values at the 10 points, the substrate surface

roughness was calculated.
<Scratch numbers>
Using both sides of each of 5 substrates after texturing, i.e., 10 surfaces,

as measuring targets, the number of scratches were measured with Candela
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tw n-screw extrudi ng kneader to obtain a polyner alloy
chip. In addition, a nelt viscosity of the
copol yrmeri zed PET at 262 C'and 1216 sec -1 was 180
Pa-s. A kneading condition at the tinme was as foll ows.
15 Regardi ng pol ynmer feeding, N6 (nylon 6) and

- copol yneri zed PET were separately wei ghed and then
separately fed into the kneader. A screw having a
l.anet.er

s St TibReHOSE MR fad SRR o

oL b e PSSk S Ao 0T By o
i i_nni A 280 C. T :

ch%\é\}/\lggf’ﬁl%gﬁ gg]?&%@%h&éﬁ%@%mr al | oy \/\22 fialster ed

L‘L@@#’%ﬁ%"%&%g@%ﬂi é'qchtmv\oven fabric with a nmaxi mum

clesize of 15 ii in, and then a
el i nni f ' '
LA SRR S Rl AL g B ASA QR Y e

plheFRNASs OB Whs LI RA" HRE M Rofed FrdiRREChbrasive cloth with a

represents the nelting section, 3 represents the spin

saRhPekared of ERI2ESE UkFicla RBivamni e thaCkke,Sand Phés arighisissfore
spinneret, 6 represents a chimey, 7 represents a

antPafter the ERILEELADE ramooinEpidcagdiaglwar® Wepagivdy nidhsured.
represents a first take-up roller, 10 represents a

Msg8Eddbtakatiop rol ler, and 11 represents a wound
yarn. In the exanple, the upper part of a discharge
- hol Blatinurhewspi vaymretepoaied pymioi desampldy andethghsamgple was
section 12 with a diameter of 0.3 nmmas shown in_ 5
obBeryeddthithighs prmbratiighaesolptiond fisbdremiesinn | ssagnime ebgctron
of 0.7 nmand a discharge hole length of 1.75 nm was
myxestopsl so, a di scharge anount per a single hole was
set to 2.9 g/mnute. A shear stress between a

spi HEM apparstus Wi R-As SEM manyfastuipskby Bitachypdd o

vjscosity. of the polynmer alloy was 105 Pas at 262 C
O aMechaniabpropeytieg o Ther 1248 sec 1), which was a

e S B TAUSTY St Bond Sh RSSO 0
a0 SRS ST oS LR 2 P S, const
sphed 'k S06 RhA e a P50 nlet AP LRGN BlidRedin 915 Fho13.
Theﬁ, a load value at break divided by an initial fineness, and an elongation
value at break divided by the initial sample length were defined as strength
and elongation respectively, and a strength-elongation curve was obtained.
P. Compressive elasticity ratio

A compressive elasticity ratio S is defined by the following.

Compressive characteristics are first measured under the following
conditions.
Measuring equipment: Autograph AGS-500B manufa(;tured by Shimadzu -

Corporation,

Size of sample: 50 mmg¢,
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the oiling guide 8 placed 1.8 in bel ow the spinneret
5, and then wound at a 15 rate of 900 m m nute through
the unheated first and second take-up rollers 9 and
10. Subsequently, as shown in Fig. 9, drawi ng and heat
treatment was perfornmed on the wound yarn under the
condition that a tenperature of a first hot roller 17
was 90 C and a tenperature of a second hot roller 18

Tnggngé% &fgs}%é?lepe@ Iﬁg% Bfgﬁci@?t nment, the draw ratio

ween 't I'r St er’17 and the second hot

| 8 t-.t . I Fi f
(If;] % éa%]i)ﬂal neflis! Red than! 0, hSn, )%Jaurlﬁi,pieei gﬁ%n?gt%% are tsé:acked

nera represents an undrawn

subRethatOofHePt 'ckﬁgsa'-}r % tES Sth&A Sﬁﬁbg%a\fl\sz b l;ﬁ:l ?nn}{:r QAlﬁ Rhicker and

ten'p_erat ure), an rep_resents a (
cloRERLO8 % R VAR tidd ﬁ%a%hi)@&), gxhi bited excellent

characteristics of 120 dtex, 25 12 filanents, a

CorhpRngidh §lecdl: 0. - Nnil@hutan el ongation percentage of
35 % and " W&F1. 7% Al so, a cross-sectional TEM '

- ObSEhaat hof’elﬁﬁohéﬂﬁlpobbﬂdv@@ﬂ PaliviRtionl hAY a SbrhpRekive loa
exhi bited a sea-island structure having a sea

obtainedrienthé¢ Imedyurparchts i€ erpphat] oid ¢capgdntialr gFabeitsTat 0.1
and an island conponent (dark part) conposed of N6 as
keddrofvand . Fkgl/cn? ard el sevepeedve hanhpréwipoéhgticity values.
alloy fiber was a precursor of N6 nanofi ber, which
A valieNbadiis pee seutpressive elastizitynalae st &tekghmt divadedaby that
nunber average di aneter of the NO islands was 53 nm
atthbkg/am? wpleitpednas But ting were perforned on the
pol ynmer all oy fiber to thereby obtain polymer alloy

Q. Abggstor restanca) with a cut length of 51 nm The |

o S i o) Bt Sl o
oS gea oS Al B ot AR BB L
abyagehdo P RISs.af grioads SEOHEGH 5 wottena Scsvebrraion tostor
ol PR R ey BRI S58 Wlh p3RA 8eBiih
nad B of LA R0 Yeut rai Coen wich 15 acetic acid

fol A Queth &Y ofPRiedurd RSk vvaa%dS,déﬁc? fhe average of three measured

values was found.
R. Surface roughness

Ten or more abrasive cloth samples each having a size of 7cm x 7 cm
are prepared, and then left for 12 hours or longer in a desiccator at a
temperature of 20 °C and a humidity of 60 %. One of them is placed in the
Talysurf 4 surface roughness meter manufactured by TAYLOR HOBSON Litd.
Surface roughness of a sample having a surface length of 5 mm is measured
in an environment of a temperature of 20 °C and a humidity of 60 % under
the measurement condition that a curvature radius in a meésurement and

detection section was 1.25 ftm, a speed at a detection section was 30
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As a result of an analysis on only N6 nanofibers in

t he nonwoven fabric through a TEM phot ograph, it
turned out that a nunber average single fiber

di aneter of the NO nanofi bers was 56 nm (3 x 10-5
dtex), which was unprecedentedly fine. 20 Also, a
fineness ratio of nanofibers each of which a single
fiber fineness fell within the range of 1 x 10,$ to 4

A S S BB AL B b gen
AL Bl 1 AP ASE BT e i
BRSO TOSERINRL Wl hagy ol 1 b (hoeness e

Q W1 gsot her hand, a single fiber fineness ratio
of rnacr?% erg each of which a single fiber dianeter

f el guifh ddh Ard?Rs i 8 RGFeQfnted ByPhSAI RS Wasaslike dn coffoRfdty to

a variation in single fiber fineness was extrenely
the FblisdsnSa0MPibed inldis K-8253A STREE adIB1(f 6 nfdrBGtRasive cloth
fi'ber diameters and single fiber finenesses of the N6 -
sangrles ehel hasity aRoxof N chl 99 crd aaBprépassiyesid sivinyleft for 12
the hi stograns, the nunber of nanofibers (frequency)
hoaitd orengémimnaskesicbtar sendeamenttretyf ZD I0mmd a humidity of
single fiber diameter. The count by 10 nmin single
6(f P édna ofibémr wargdaced hata éonstaxiapydseure head dnalpdnessf tester
nanof i bers each having a single fiber dianeter of 55

Chd 504athacheds withuthedtyae AB Hoeenssgir sdetiom vragtnfactured by

having a _single fiber dianeter of 60 nm and also the
Kohumsdn Beikhn4rof Lodr Hasdoess wasi mgasureidnyl anf earonment of a
dianmeter of 75 to 84 nm was_counted as the nunber of

temperapye eb 29 Havand & humility (98P @i shscmegsurrment was

Sybsequent ]y, polyvjnyl alcohol, was provjded to the
PeRtSRRRILON the 10 Bplen, fRd@ STURIPAYCERH BheGEUFFRERt Tesults

| yyi nyl al cohol, was 20 wt.% with respect to the
Ofgﬁﬁéb§ai lep & 3y ‘fabric. Furthernore, the

fabr i. ' d in DMF sol uti f 15
T RS ot T e B e “pol yur et hane <0 as 10
| N, 30 Wt % | f l4i t: W . :
¢ oo sy Y el T Pl ol PR &Y ol gt i

oragpjcoeﬁltegg?%egarl }(fﬁltctl:igl%%gé‘% %{1.57%”311&)0&‘9,ef(le%ﬁfétsaéar&htl{h%ing a size

NONWOVEN
of 10 cm square are cut out of anywhere of the support. Then, each sample is

placed on a sample stage with a micrometer gauge, and a thickness of the
sample is measured by using the micrometer at 20 °C and 65 %. The
thickness is measured at each of 10 points for each sample, and a simple
average of the 10 thicknesses is defined as a thickness Ts (£ m). A thickness
of a sheet-like material is measured in a similar manner to the above and
defined as a thickness Tn (1 m). The thickness of a nanofiber laminated
layer with respect to the whole sheet-like material was found by the
following expression (1).

A thickness of laminated layer = (Tn — Ts) / Tn x 100 ®
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of the N6 nanofibers. A surface of the obtained
nonwoven fabric was buffed with three types 20 of
sandpaper, i.e., JI'S #240, #350, and #500, nipped with
two tiered fluorine-treated heating rollers having a
space therebetween of 1.0 mmand a surface
tenperature of 150 C, pressed at a pressure of 0.7
kg/cn2, and then rapidly cooled down with a cooling
repll er  hawvi f tenperature of 15 C, to
U.tﬁéésggbo;/:e i 1{1[‘919%3%"5 8%€.

alnoan aprasi ve cloth havi ng a snooth

i b ' . . . .

ol REFEE GO0 i Pkl HUag e UTHEBBADYE dispersion

_ Fiigi £ Do

R 2 o leaGluclofD el IRURRRLRPATTT by heif] dhi 1S 800

elé&rd&ﬁm%ﬁb%@ﬁ% | QBRI HIAbARINE (nBthwhebdteWedy LOTSUKA
N'cm w dth, €longation of the abrasive cloth during

ELERTWONICS'@S, @) ! . and the texturing results of a
hard di sk in an average surface roughness of the

sulBtdmbk ere as small as 0.24 nm the nunber of
scratches of 96 scratches, which neant that the nunber

of Nef(20 twet. ¥ haviex hrraekwscrityl of 5381@aan(@>26DIC aad ofhear
excel l ence in electromagnetic conversion
ratdhaf B21.6rdest) and aFmelthey poing,of 220 °hiand @pohaneriged PET (80
fragnents of abrasive grains that renained on the
wit %X thavédg sunietiogvpoiat kdrifsy *@reopelymerigochER feormh® mol %
_~ pol gm&*_r alloy staple fibers (A) obtained in Exanple 1
isaphtbali¢ @cilibpd ct ! fo biphenahAdmyvingppinedt viseesitiueh S} Pas
subj ected to_needl e punching at a needle density of |
(26862 ficandes sheaprate el pesbiueve kinerirtbetd66 2bhycusing a
conposed of the polynmer alloy st a?I e fibers_havj

twimserepe eghtuding Jatpager o okfain a polangp pdloy;ghep s n? %sigltiona a
malf et bt rorlgmsstreRp g 2430 BRAHIO sect was 180
Paitiok RBgatiag seaetvs “EHB B9 SIASAT Lo nonuoven |

t naqsag i PRy Eedures VP BAPIER LR fied RERARGI P gore
BB L B8, ER B RO P BIB B P
a &%E;?%tgrt ‘f;hﬂ“e %}ﬂb g@aﬁecgﬂrggzggg%%if;%go%ﬁ,%&d 1989L6%.1 was
used, and a temperature was 260 °C.

.The polymer alloy chip was melted in a melting section 2 at 275 °C, and
then introduced into a spin block 3 having a spinning temperature of 280 °C.
Then, as shown in Fig. 7, the molten polymer alloy was filtered through a
metallic nonwoven fabric with a maximum penetration particle size of 15 4

m, and then a melt spinning was performed from a spinneret 5 having its

surface temperature of 262 °C. In Fig. 7, a reference numeral 1 represents a

hopper, 2 represents the melting section, 3 represents the spin block, 4

represents a spinning pack, 5 represents the spinneret, 6 represents a

chimney, 7 represents a yarn, 8 represents a collecting/oiling guide, 9
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20 nonwoven fabric conposed of the polyner alloy
staple fibers (A) and the PP staple fibers (B).
Subsequently, simlarly to the case of Exanple 1, this
nonwoven fabric was imersed into a 5 % sodi um

hydr oxi de solution at 95 C for 1 hour to thereby
hydr ol yze and renove 99 % or nore of a pol yester
conmponent in the 25 nonwoven fabric, and then

i S S e st
. Vel ‘ .
BERULEER FRLeyaEnmren (0r1c S ouch fhet o ol
r espee SmpIae the Hﬁ&%{, gﬁrii{gﬁa ARSI hbRY  the sginneret was

Furthernore, the no ric was inpregnated in

pr%eﬁoslvﬂ; | OQRbhinkUe¥B8herY RN 8 H8MePASHND.3 mm as SlélOWIl in

pol yuret hane s6 as to contain 30 wt.% in terns of

Figolgl arieo Q?ﬁﬁie_r&\ﬁ havies Redisch@rddBold BRfele? ¢f18.7 mm and a
nonwoven tabric, and then subjected to wet coagul ation

di&@;érgemglé}igtﬂl df B79mieOwag el AldR R dischbide adount fper a
wei ght of 390 g/ n2 conposed of the N6 nanofi bers and
siiflefidie s Bt3vfBgamniutehe obt ai ned nonwoven fabric
was buffed, pressed, and then rapidly cooled down in
a shghear stresmbetweren hepoasrepholexwafllamdithe polyh®er was 0.13
t hereby obtain an abrasive cloth having a snooth
MPBurGacescaty of thes pomanallor vesgd0h da s ab6RSEsand a shear
elasticity ratio S, abrasion resistance coefficient,
raseirdfat 248 ceghhewhicharvrs @ suffcieatinnloss veiue.nEurthermore, a
_obtai ned abrasive cloth, and the texturing results ?f .
digtamge dremsk lower surfpge pbghe spmespk ta A sterting meiet of cooling
Under the condition that 60 wt. % al kali sol uble
(uppgi ppd afdher ghimneyn@) was4d chi AR tPaged Sabh ovs gepled and

.Qr sea conpanent and an isl and conponent o -
s#@s%@m%i 0 e1bl 2090 1ng) 31 AR BrIEPIPTALIIE 3% P chiled at

* thi Gilhg VAT SyPIE6T ddars bEIBE oe ARPETGTAF PoPRaG TR BPPRg at o

oS AP ) s PRSP s
aﬂ‘di P&r wth 2.1 dtex. This conjugate fiber :

Subsequently, as shown in Fig. 9, drawing and heat freatment was
performed on the wound yarn under the condition that a temperature of a
first hot roller 17 was 90 °C and a temperature of a second hot roller 18 was
130 °C. During the treatment, the draw ratio between the first hot roller 17
and the second hot roller 18 was set to 3.2. In Fig. 9, a reference numeral 15
represents an undrawn yarn, 16 represents feed rollers, 19 represents a
third roller (room temperature), and 20 represents a drawn yarn. An
obtained polymer alloy fiber exhibited excellent characteristics of 120 dtex,
12 filaments, a strength of 4.0 cN/dtex, an elongation percentage of 35 %, and
U% = 1.7 %.

Also, a cross-sectional TEM observation of the obtained polymer alloy
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had a strength of 2.6 cN dtex and an el ongati on
percentage of 35 % Also, an analysis on an average
single yarn fineness in a part to be an ultrafine
fiber in the island conponent through a TEM

phot ograph resulted in the 25 equival ent of 0.02 dtex.
Crinping and cutting were perforned on this fiber to
t hereby obtain conjugate staple fibers (C) with a cut

RO Ok 3 P R FAO I BB L SRRl 0 RN pa)
BB O Rl 11 i 4
cotﬂ:wg)‘rég% 3¢ N8 a8 sHH%Wd“Fi%Q,"Eﬁd Aflso ﬁ%glﬁﬁﬁﬁd ﬁé[?rﬁe@ alloy

y obtarn a m xed hohwoven f Ic W a uhi

ﬁlyﬁiv@% a?ff%éﬁ'goﬂéf'ﬁ 6GRRARRY Rhidhh@ePI6 WSS er@bd B an ultrafine
ple Tl

sta ers (A) and the 5 conjugate staple fibers

sthfe) -anduBIsRAN altith¥er BvETAR Warhetek T 1RSHEOIs1AX RIS 83 nm.

this nonwoven fabric was imersed into a 5 % sodi um

THutdr@ihmfns ahdt befingt were @dr@drmded o tHeOpolyesie@iloy fiber to
hydrol yze and renove 99 % or nore of a polyester

thessiposieain bolyier aliensnide fibebs (4), withch thelength of 51 mm.

neutralized with acetic acid foll owed by being 10
ri nBlesl polghneri adloy Sehedqudibery , (Adobptdingd akcdbsiribwb were
provi ded to the nonwoven fabric such that a solid )
subjected to oarding guul Yappink, andduothexemibjected toondedhe punching
respect to the fibers in the nonwoven fabric. i
atRpendringtines hb35ihneedias fan? tothereby abtaigraneawpyen fabric
DMF solution of 15 pol yester/pol yet her-based.
copuiopad of fempolysnersakley é%/ﬁnl%nﬁhee@hwm%a Hnitewaighgof 500 g/m?.
solid content wiith respect to the.fibers (i)n t&,e .
nonhek awnreienc fakiie Wasimmepedc i Rodwyt sodium hydroxide

SRS IR 0 R aRAR BBl Lo DD At o o
A surface of the obtai ned nonwoyen.fabrjc was buffed ., .
a BpBgsl CoaonieRy fnefe HpIHIF o bUTiSy AR BeFHeeg, with

ol 261 e bR B D BBl et face. The strees at

abras SRR A aaF B33 i, LR Rk fbb i i pimyoyen fabric
th%]tgglf‘ H“]Fﬁl@l%ﬁ‘c?c%ﬁf‘aﬁﬁﬁ Pt ubd¥ out that a number average single fiber
diameter of the N6 nanofibers was 56 nm (3 x 10% dtex), which was
unprecedentedly fine.

Also, a fineness ratio of nanofibers each of which a single fiber fineness
fell within the range of 1 x 108 to 4 x 104 dtex was 100 %, and further that
fell within the range of 1 x 108 to 2 x 104 dtex was also 100 % (in each of the
following examples, these facts were confirmed). In addition, a fineness ratio
of nanofibers each of which a single fiber fineness fell within the range of 1 x
108 to 1 x 104 dtex was 99 %.

On the other hand, a single fiber fineness ratio of nanofibers each of

which a single fiber diameter fell within the range of 55 to 84 nm was 71 %,
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obt ai ned abrasive cloth and the texturing results of a
hard disk are as listed 25 in Table 1. Exanple 4 The
polynmer alloy fiber obtained in Exanple 1 was i mrersed
into a5 % 63 sodi um hydroxide solution at 95 C for 1
hour to thereby hydrolyze and renove 99 % or nore of
a pol yester conponent in the polyner alloy fiber,

then neutralized with acetic acid follomed by being

4 E L g BRI i
ai negfcc,gagﬂﬁn%é %g%ﬂegﬁlgﬁ%te In a f?%;gl strtﬂ}“ga o of

th@"l@@ﬁ&ﬁo Eéfs Qx%?l'gifwﬂ EEZF 28 Pl rQ%’PeE:@Wély E'tﬁb histograms,

Sei sa rel i mnar eatI'n

the§hfRh &R st ﬁ&ﬁo@bex@(ﬂ‘éﬁﬁéncﬁ%ﬁ?%@ﬂh&ﬁes%xﬁ%fosw\é@é &bunted by
was extracted, and a fiber was retrieved. A weight of

1008 1£|§Qﬁ‘gleVﬁ§e12§&rﬂet@F dThé SodRt BY UIEniPM 8iHgl¥dbed Hifmeter
The 250 g 10 of the fiber in the noisture state was

méaneLtidtyfoRlkangae, iHa wuabeRbf AFRbfiBersRidchding a single fiber
(manuf actured by Kumagai Ri ki Kogyo Co., Ltd.), and
dittieser 6055 ¢6t6Adnhowhaeabunted as the mumbasoﬁthceerwchthmng a
nunber of 1500 rounds and a clearance of 0.2 mm 4.2
singlef fibéae dimmipésr bf 166 nnd). And) adfo aheamimbier afi aproflaars each
SHALLOL AN 103P (manufactured by Dai-ichi Kogyo
haSeng aksingle. fibéx diamé&tenwf Féuload4 net gras HOdde] aasha number of
di spersant, and 500 g of water were arranged in a
thpsdeachhremavksiugle ﬁ%ﬁad@ﬁmetarrcgd?’%yml\/m sushita
El ectric Industrjal Co.,, Ltd.), and then stirred for
rﬁuhaeagerlély: pebaiyyloplcahel wiasNeronzdask toéhe ngnwgven fabric

d' ersio A zeta tential of_t e nanofi ber in.the
SughABAL 31 e GRnT Hie BRRY TRy 8lohg] BRSGWRRS With rospect to
% [ ber wat er di sg. {)si on and 20 L of water 20 were
thg ﬁ@é‘&l the nengayendabYemt i ¢ square sheet machi ne

il pt%& g (3he s Hovyresiaged ot DVE aefikion of

PO@% ﬁé%%ﬁha pSli b ADe R 1o e iR A060% in terms of
soﬁ?n(%)fggrﬁf r“?‘gh g CE to e )ﬂbe% I1 %%n@o@?ﬁtfaﬁ%' %%d then

for FPRUt €5 DYy UST g enper at Ure

subfcBEd 1 et o&éﬁﬂ%‘t‘l AGHUhE LYot IR eRd ngh%'ovéﬂ?%t‘l&l@omposed
of the N6 nanofibers.

A surface of the obtained nonwoven fabric was buffed with three types
of sandpaper, i.e., JIS #240, #350, and #500, nipped with two tiered
fluorine-treated heating rollers having a space therebetween of 1.0 mm and a
surface temperature of 150 °C, f)ressed at a pressure of 0.7 kg/em?, and then
rapidly cooled down with a cooling roller having a surface temperature of 15
°C, to thereby obtain an abrasive cloth bhaving a smooth surface. This
abrasive cloth had a compressive elasticity ratio S of 3.0, an abrasion
resistance coefficient of 30 mg, a surface roughness of 20 ¢ m, and a surface

hardness of 38. Furthermore, the stress at 10 % elongation of the abrasive

60



10

15

20

25

Ltd.), to thereby obtain an abrasive cloth in which N6
nanofi bers with a unit weight of 8 g/n2 was | am nat ed
by using the polyester plain weave fabric as a 64
support. Since a thickness of the polyester plain
weave fabric was 70 am and that of the whole

| am nat ed abrasive cloth was 100 it in, a thickness of
t he nanofi ber |-am nated | ayer was 30 %w th respect to

cl&t:ﬂ w‘ﬁ@ Q.Ze N?&ﬁ%ldé:h}r( glé)cl:lggh%{ll the abx?i%%xﬁ El% g.%ltrxl‘leréo te@turmg

ongat’i-on, “and Foughnéss o

PGS s IS ARAPI B3 S i

roﬁéﬁﬂg% ofBthdP's ﬁﬁéﬁ%ﬂ-‘f tRelfd@s2BMAT U8 Bl0f I?lrhntﬁ?aﬂﬂﬁa%er of

10 that a solid content of the polyviny

scf‘it%ﬁ@é’lofv‘@(? 2Patthe 0 WHith MR8REELhAP thRenubieer & Befebhe was

abrasi ve Furthernore, the abrasive cloth was

ext IR EYN %ﬁﬁﬂl' rhrEVFaﬁobidhi‘tﬁﬂoﬁf of excellence in electromagnetic
pol yeSt er/ pol yet her-based pol yurethane so as to

cofiPesidb1 chAridtestins.t Bufthe®oze) bolisioimesthipwi 41 fegpeetts of
to the fibers in the abrasive cloth, and then -

absabive grathd thavaentiagd batthe rtekmlblifs‘lﬁ*ﬁay:e@bém Inarallst present.
| am nat ed abrasive cloth conposed of the N6 nanofibers
andxdrmmphofyester plain weave fabric. The stress at
10 % el ongation, and surface roughness of the obtained
abrBss mlginerhallandstaple thberar (A)g obtsimeds imf Ezamalel 1 were
disk are as listed in Table 1. 20 Exanple 6 An

subjacted Ve cerding and WMpringNend dnothayeru) e@ﬁé toaneedie @unchmg
on a _polyester plain weave fabrjc was obtained in
ate needie denear of 604 Reedlas do? to EhexabYeobbain RaRAWeYeR fabric
coﬁség'ﬁqti @\fw' %gt@lyg%@rt 3 seﬁta@i?r% IPl?ﬁe gvllélagg(g%ege{g%é offa0 g/m?.
¢ neklan Eh%%p(? b33 e FaRH5 IR (T (BT AD LS dtex were
su ]ec%e(i %0 car 1n%a£19d ‘féﬁp‘%n%f gn fur’;lic’etresdub]ectegbco nee]dle punching
at a punching times 500 needles /cm?2 to thereby obtain a PP nonwoven fabrie.
One sheet of the nonwoven fabric composed of the polymer alloy staple fibers
obtained as above and another sheet of the PP nonwoven fabric were stacked,
and the stacked sheets were further subjected to needle punching at a
punching times of 3000 needles /m2 to thereby obtain a bonding type
nonwoven fabric composed of the polymer alloy staple fibers (A) and the PP
staple fibers (B).

Subsequently, similarly to the case of Example 1, this nonwoven fabric
was immersed into a 5 % sodium hydroxide solution at 95 °C for 1 hour to
thereby hydrolyze and remove 99 % or more of a polyester component in the
nonwoven fabric, and then neutralized with acetic acid followed by being

rinsed and dried.

Subsequently, polyvinyl alcohol was provided to the nonwoven fabric
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65 Exanple 7 Polyvinyl alcohol was provided to the
abrasive cloth in Exanple 6 such that a solid
content of the polyvinyl alcohol was 20 wt. % wi th
respect to the fibers in the abrasive cloth.
Furt hernore, the non-woven fabric was 5 inpregnated in
DMF sol ution of pol yester/polyether-based pol yuret hane
so as to contain 30 w.%in terns of solid content of
I t e. W Ch. . fibersan, the.
ol ohh 8 BIRGo Rkl R erbTL BRBOL §8520 Dl ik regect v

th%&q%%%ﬁ%anggﬁwnqaﬂ)ﬁm nat ed abrasive cloth conposed

bers “and the pol yester plain weave
f i f t . j ; i :
wasy Bapp ot PHE rRASen BRI BRSIRAEN HEDHLE shlution of

L L T

obtal n” an abrasive c

soBH' &ttedt wibh %e8hQRIR LR fieds SHT {IRCRohRBOER FaBrie ahfSthen
obtai ned abrasive cloth, and the texturing results of
sudjdrpedl télivek cadulasionl tditbdrély JRAR a thixel néusesRdEfabric with
Melt kneadi ng was perforned with the use of N6 used in
a wiarpéight of 390 ghab vopbseed bEtlac NG Haaffibeat apdrPR Yibets.
99.5 %or nore) having a weight-average nol ecul ar
wei 4y hturfrce 1@d0tHdh obsaindd mommebter ifslmdsivias buffad, Paessed) and
(240 C and a shear rate of 2432 sec 1), and a nelting
thpoinapidly wsledCdownain giginlilar manner t¢ ohe lvase af Example 1, to
Exanpl e 1 under the condition of an N6 content of 20
thereby elridimak dadsivg dethpkavingrasmpotipguitaca.o t her eby
obtain a polymer alloy chip. Note that the . .
vei bt stress afd On'sl engafionesqmprassivepplpgticity gatiodS.aahirasion
was obt ai gﬂ%%_i n the follow ng manner. Thfat IS, a
regigtast Gredtisiente| sunfase goughaesanpnd wasiage xbardpess of the
THE (tetrahydrofuran)_ to prepare a_ neasuring. .
SRR R R A LAV R A vesiingf 4 bpg digleatrps listed
. W tion chromatography (GPC) Waters 2690
n ctured by Waters Corporation to 66 thereby
obtai n the,wei ght -average nol ecul ar wei ght in

pol

Under the condition that 60 wt.% alkali-soluble copolyester resin and
40 wt.% N6 resin were used for a sea component and an island component
respectively, and the island component was configured to be composed of 100
islands by melt spinning, a polymer alloy conjugate fiber (hereinafter
referred to as a conjugate fiber) of 5.3 dtex was prepared, and then drawn 2.5
times to thereby obtain a conjugate fiber with 2.1 dtex. This conjugate fiber
had a strength of 2.6 cN/dtex and an elongation percentagé of 35 %. Also, an
analysis on an average single yarn fineness in a part to be an ultrafine fiber
in the island component through a TEM photograph resulted in the
equivalent of 0.02 dtex. Crimping and cutting were performed on this fiber to
thereby obtain conjugate ‘staple fibers (C) with a cut length of 51 mm.

This conjugate staple fibers (C) and the polymer alloy staple fibers (A)
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equivalent. In addition, a nelt viscosity of N6 used

in Exanple 1 at a shear rate of 2432 sec -1 was 57

Pa-s. Also, a nelt viscosity of the poly-L-lactic acid

at a 5 tenperature of 215 C and a shear rate of 1216

sec -1 was 86 Pa-s. Melt spinning was perfornmed by

usi ng the obtained polyner alloy chip at a nelting
tenperature of 230 C, a spinning tenperature of 230 C
ob@ginseﬁ! AELh %?SP %Jegg gBBee R Iﬁmn%fatzalére%ht 1%@1% AC = 50/50,
spl nning sape 0 mhute Tn~a “simiar nanner

. t i

ool Gule" S Bfnfle. S RuAbLr RAICREREE B % BlplleHihes of
3500t Al B inP2h 1o Ferf TN O Qyit it
) L ML R0, DR RSPl ERME St un

wéieht o3 E00! Hth? &J@g %E)llutréietﬁg p&l%%le@ alloyR sﬁallﬂlb |fﬁfer|§qm‘ @nd the

to the case of 1 to Obtain & pol'yner all oy

cohiR8ite sthsleHeyge) al l oy fiber had 70 dtex, 36
f'ﬁp%rentgﬁ a strength of 3.4 cN dtex, an el ongation

perSehEcaaentlly, digniB19to aRe cble &f Bxdndple A, this nonwoven fabric
cross-sectional TEM observation of the obtained
wiolivmeirsed liato hider seditindihyddoade eplutidand 3 POQdbiilehour to
in which poly-L-lactic acid conprised a sea
thepgipoheditoly 26and rpmiose @%% drsinans of amodyestér camgonent in the
nunber average di aneter of N6 conprising the island
noyonpenefibrivgsarkb them nertdalitesl potly meetialdcdg Hllowedily being
which the N6 islands were uniformy 20 distributed on
rimgadoand driethen, crinping and cutting were perforned on
the fiber to thereby obtain conjugate stagl e fibers .
( D)Swhsequantly: ppbwi¥ alcobal was providesh by dhp rgnwegven fabric
all oy staple fibers (D) were subj ec{ed to carding and
suchdhahg, solidrontent ¢f theraly iyl alaobgl was 7wt &0 paHt Fespget to
at_.a punching tines f. 3500 needles /cn2 to thereby
ths&b.ﬁrﬁl%tﬂ%wmepafﬁg?le- with a unit weight 25 of 500

0 TR SBTRRRE, B B B P B e Tiion o
P%%ﬁ‘i}%ﬁegﬁ%ﬁ;%%&%ﬁ%@% bpe g4 %ﬁ 351@%’@@5@%%2%?%% of
soffe RHEat math gFpBRoR EREAIBSS of; o EPRRBLEARbER apd then
su’lgie%%& he %E‘gf&&&[}la&?&{ 46 RPNy BN aNAIRLA BRI Ry RRLE fabric

extracted an
composed of the N6 nanofibers and ultrafine N6 fibers.

A surface of the obtained nonwoven fabric was buffed, pressed, and
then rapidly cooled down in a similar manner to the case of Example 1, to
thereby obtain an abrasive cloth having a smooth surface.

The stress at 10 % elongation, compressive elasticity ratio S, abrasion
resistance coefficient, surface roughness, and surface hardness of the
obtained abrasive cloth and the texturing results of a hard disk are as listed
in Table 1.

- Example 4

The polymer alloy fiber obtained in Example 1 was immersed into a 5 %
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then anal yzed, and consequently it turned out that a
nunber average single 5 fiber dianeter of the N6
nanofi bers was 56 nm (3 x 10-5 dtex), which was
unprecedentedly fine, and a variation in single fiber
fi neness was extrenely snmall as shown in Table 1.
Subsequent |y, polyvinyl al cohol was provided to the
nonwoven fabric such that a solid content of the

soﬁlﬁLﬁﬂVH; }ox?%é: %Bﬁkti(‘)’@satz% B, %’r\'\dil:hr?l%re 5 %‘ﬁ%réb&h g}ﬁrélpge and

ers i1n e nonwoven bri C. ernore

AT G Y8 RSO NP B e s o
th@ﬁq{e‘?:ftpaﬁ’&dt’\ﬁietﬁ é(%tfce%{c@@ f owécpbgg)ew%fgﬁéd‘%nﬁigrée%, and cut

respect to ers I n the nonwoven rmc, hen

infd/B ;ﬁ@éeegrfiglgaﬂ@ﬁgﬂpﬂﬂﬂ}' @l @NtHeRe b BbeAY £ E%g%iﬁallaﬁ%mposed of

nonwoven ric wth a unit 15 wei ght of

N6 99ResBEr. Awd g thee BRI REF andBEEbf AscothaihdtiBeut fiber were
obt ai ned nonwoven fabric was buffed, pressed, and

arr€fed aRi0DAPRIOS a6 ddpNiaBafa $640 bédterHRRaTufheturb@ by Toyo
case of Exanple 1, to thereby obtain an abrasive

SaikipiFeidmi-Bboa Iad0ptthe s upfelitRinakyebsatingswas pddf®fmed for 5
el ongation, conpressive elasticity ratio S, abrasion
mitegsiudisaquentipektesiveatey vear éxtractedughd esfiheramals retrieved.
surface hardness of the obtained abrasive cloth, and
A wetghteodt tivei filiprrwas 266 gofndithandistiiskeomtentiwak i88t% dThe 250 g
Table 1. Exanple 9 Melt spinning was performed with .
oftthe fiker bf the maGtune stateuwas dinestly amxrgnged gott ap atomatic
500 Pas, (262 C and a shear rate of 121.6 sec 12 and a
Pl imilh Jmamnfectegredo by BumagaisBiki aKogym rfe-, tfd-heand then
case of Exanple 1, During the nelt spinning, a shear
subjqced to bealapg far 6 pninvdesat AgPEatien pua%hfrtqﬁ%&ryﬁﬁas and a
was 68_.set to 0.1 M2a viscqgsity of the polyner,.
clogrpgge 50D a0ed S the Deabeniber & Rapt FRPSIGHE igpersant
ol yner. al | oy fiber.was gbtained in
SRATTOR ARGHRP ettt by Rt RO e e g Ltd
I r_alloy fiber exhibited. ex nt -
Rk w i 100D s Pt SRUER oS waper pregg girpaneed
. Of o4. 2 cN dtxax el i . 0 .
ing g%ejg 7 niler éﬁ& Xipg gl’llaél%gg%lggé@ g&%ﬁg@ﬁ%& %flec%%c Andustrial
Co., Litd.), and then stirred for 5 minutes to thereby obtain an N6 nanofiber
water dispersion. A zeta potential of the nanofiber in the water dispersion
was —50 mV. 500 g of the N6 nanofiber water dispersion and 20 L of water
were arranged in a semi-automatic square sheet machine (manufactured by
Kumagai Riki Kogyo Co., Ltd.), then subjected to papermaking onto a
polyester plain weave fabric with a fiber diameter of 45 £ m and 200
yarns/inch (Industrial mesh cloth type T-NO.200S manufactured by NBC
Inc.) followed by direct drying at 110 °C for 2 minutes by using a
high-temperature rotary drier (manufactured by Kumagai Riki Kogyo Co.,
Ltd.), to thereby obtain an abrasive cloth in which N6 nanofibers with a unit

weight of 8 g/m?2 was laminated by using the polyester plain weave fabricasa
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TEM observation of the obtained polyner alloy fiber
exhibited a sea-island structure in which
copol yrmeri zed PET conprising a sea conmponent, and N6
conprising an island conponent, simlarly to Exanple
1, and revealed that the polyner alloy fiber in which
a nunber average di aneter of the N6 10 islands was 80
nm and the N6 islands were distributed in an ultrafine
. oft-au . Then LORI [g: td i
sug)g?%te Si a H%ﬁ%ﬂ%s% of AR pg%%fygf‘f 1e1? 2 #hfg'}ag%y\)e’ﬁé %0 um

orned” on ol ymer

o RSO0, (B 108 ks o

thg%%ggp?%%ﬁeﬁqgggf%‘g PuCRiHH RGpaQdo dre %ﬁ@fé‘g}gaet-like

er subjected to needl e punching at
mBPtreli ng times of 3500 needles /cn2 to thereby obtain -
a nonwoven fabric with a unit weight of 450 g/ nR

- conpRs 8tkelE althe PPLBLHLRK, AhdStai?h&@ Fdi8iness of the obtained
Subsequently, in a simlar manner to the case of

abEXaive| coth, ahlGhe TORWRNES rbakIts 6f Mdrd IS 866l ak MsGedird Table
% sodi um hydr oxi de solution at 95 C 20 for 1 hour to

1.t hereby hydrol yze and renove 99 %or nore of a
pol yester conponent in the nonwoven fabric, and then
neufxarhphkel Wi th acetic acid followed by being rinsed
and dried. Fromthe nonwoven fabric, only nanofibers
werBolgxinyd ed edohmohstprenidesint theeahraagive dotls by bxaniple i4 such
turned out that a nunber average single fiber_ 25

that amslicr caattentef thmpéelyvenyd aleshdavasmif evix¥1with wsprst, to the
whi ch was unprecedentedly fine, and a variation in

fibgragie theembrasigeeslothas Faxthermaorg, thal pbrasiehoplethn was

. Table 1. Subseguently, polyvinyl alcohol was provided
impyegpatednin PR ‘r‘atl%kﬂfiRO)iﬁ%ﬁéﬁﬂPﬂ]é[@t%Préléﬁﬁea PYNuEsthane so

sy eCami Ry S0 Vi HTRRL 06 RORA PR ie Rt BHREPRERD Wigelibers in
the ABEE clidh B BrRSIDIAFIRLtY HeleRapElaLg o (i by obtain a
LB aRR e Aol ofiiReliof theoRpl Sas@lictRlardl the polyester

' nwoven:.fabric, and then subjected to wet coagul ation
pl%%l x%rﬁ%feeg%})r Bt ai n an nonwoven

Dy~ 0 fabric conposed of the
N6 FAANQT RS0 10 % elongation, and surface roughness of the obtained

abrasive cloth, and the texturing results of a hard disk are as listed in Table
1.

Example 6

An abrasive cloth in which N6 nanofibers were laminated on a
polyester plain weave fabric was obtained in a similar manner to the case of
Example 4, except that a unit weight of the N6 nanofibers laminated in
Example 4 was set to 60 g/m2 in this example.

The stress at 10 % elongation, and surface roughness of the obtained
abrasive cloth, and the texturing results of a hard disk are as hsted in Table

1.
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A surface of the obtained nonwoven fabric was buffed,
pressed, and then rapidly cooled down in a simlar
manner to the case of Exanple 1, to 10 thereby obtain
an abrasive cloth having a snooth surface. The stress
at 10 % el ongation, conpressive elasticity ratio S,
abrasion resistance coefficient, surface roughness,
and surface hardness of the obtained abrasive cloth,

%%Egj@efturlng results of a hard disk are as Ilsted
15 Exanple 10 A woven fabric having a
\’Vovl%ly@flfy‘}! %ﬂé&h%fl stasgpl?)lvi/de?fiﬁd th a@n)'@!eﬁ?tﬁ]ﬂl E‘;c%ﬂﬁilEBG such

(warp”x Wweft) o yar ns/inch) x 130 (yarns/inch

the@s HideédiRent W ke boBVisE Ato¥ vh@svzo Qvid% Qlt%xre%ggctsiﬂ) the

filaments and the doubl ing of 2 polyner ers

fileht aimethd mbeyaRe! @ldthasFartk@imoyar fthém@loﬁ W\&Fén y@bkic was
20 respectively. Subsequently, in a simlar manner to

inigregiasd of DBl etidn dfiimlyestenpolyathidichams polfarsd@dne so
into a 5 % sodi um hydroxi de solution at 95 Cfor 1

ashiourontaim 8D erichyinhteanl ofzelrinebrntenpyfpOlguethamwwithofespect
a pol yester conponent in the nonwoven fabric, and

totthe fibreratinalhie zadwrasiviehclatlgt amd sledmd sibjektadetb et wobgygla2ion to
rinsed and dried to thereby obtain a woven fabric

thatahys phimin | o damivatedvabrasive clothaonprsedosfethd & inanofibers
(warp x weft) was 860 x 1405. The stress at 10 %

anéllféwgmlmstebplam@v%wfab@m abrasive cloth, and the 70
texturlng regs ults of a hard disk are as listed in

Talsh uniace pf she obtainedabrgsiverslpthamas b utfash prepses, fad then
B B S b S L ot
b %‘?ﬁﬁra%%?ﬁ?@kﬁ‘#%%@%@ BHEAGD o 1 the ki it g

sor e sies “Garof Gromatich And e chARetRSs o Sbe ghfained
abERL IR, %ﬁrt@,r“%%‘aﬁ{lﬂ% BT BLF ok R R aslist A fp able

l.f ol | oned by bei ng

Example 8
Melt kneading was performed with the use of N6 used in Example 1

and poly-L-lactic acid (optical purity of 99.5 % or more) having a
weight-average molecular weight of 120 thousand, a melt viscosity of 30 Pa-s
(240 °C and a shear rate of 2432 sec’l), and a melting point of 170 °C in a
similar manner to the case of Example 1 under the condition of an N6

content of 20 wt.% and a kneading temperature of 220 °C, to thereby obtain a

- polymer alloy chip. Note that the weight-average molecular weight of

poly-L-lactic acid was obtained in the following manner. That is, a chloroform

solution of the sample was mixed with THF (tetrahydrofuran) to prepare a

- measuring solution. This was measured at 25 °C by using the gel permeation

chromatography (GPC) Waters 2690 manufactured by Waters Corporation to |
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10 rinsed and dried to thereby obtain a knitted fabric
abrasive cloth. The stress at 10 % el ongati on of the
obt ai ned abrasive cloth and the texturing results of
a hard disk are as listed in Table 1. Exanple 12 Melt
kneadi ng was performed with the use of 20 wt. % of PBT
having a 15 nelt viscosity of 120 Pas (262 C and
121.6 sec 1) and a nelting point of 2251 and 80 Wt .

I e c j i % et:hyl
e B e PRt RS LA, hblbghfar eighns Y ﬁ%é%f
cﬁ%véleﬁ@ead' ng tenperature of 240 Cin a-simlar
nner to the case of Exanple 1, to thereby obtain a

POl HBAdRIdDY% &@!%38&1WN6tdé%dﬁﬁ|E£%PPé 1 Q¥ LCiHr rate of
was subjectéd to nelt spinning at a mel

2432 B&s Byl €5 PP a2 0A 802 8 OBl 1Sk EvNi 8 of EHP %@5& -IFRcht &ﬁ@ at a
C (spinneret surface tenperature of 245°C), a single

teifle@atin®C BRAS TRIHYE aOfheak. fhte/ 8T NQES, se’tﬂd“@ssm - §igMelt
speed of 1200 mimnute in a simlar manner to the

spinfih g fwdsx paplogmbd Bheushpatlie dbyaidiedWpolyanéer \Wlloy chip at a
subjected to drawi ng 25 and heat treatnment at a

mditavg temperparadfiz@0 ¢f, 4 8finGingtenparatate of B80 2C48 spinneret
times, and a heat setting tenperature of 115 Cin a

sugfarel tampeaahere 0621520), caslen epirbiagmpeed .of BRO0ahimimed in a
drawn yarn had 161 dtex, 36 filanents, a 71 strength

sigilar mapneriteihe easectfExpmplonl pretherebygbtain 28 undrawy yarn.
Wo=_2.0 % A cross-sectional TEM observation of the
hﬁn,admlrmlapderheamwatmmfr 0£xﬂ1%|0b§@ma dsuadrawvanyarn was

ucture in which co-PS co ng a sea conponent
Pea npssrata e aww&@elaﬁeméwa%e néoﬁéﬁ@w ratte ofelB&image, and a

h h h h nb

h%\';gé%’ft egd. SROEEAL P ?aﬂqégés"f .lg{%'%gm@ea%c Do a&&h@h@se of
PBT d m t ted

BBl o SHEM 2 PrEBHeH ﬁ%ﬁ%{ *.Bﬁ@m%ega 3 fiier BRd 70
th [ bt

by 35 R e %% oh NG T %?%%Pewﬂtage of

The lo t apl
sel B WOy RS Ry R el g BP0 B Rbn the, obainea
polfREF GRS HBef %%ﬂhﬁté’&‘ Al 1A 3cAKRGDS 1 &hiE‘i’lSpoly-L-lactic

acid comprised a sea component, N6 comprised an island component, and a
number average diameter of N6 comprising the island component was 55 nm,
and the polymer alloy fiber in which the N6 islands were uniformly
distributed on nanosize. Then, crimping and cutting were performed on the
fiber to thereby obtain conjugate staple fibers (D) with a cut length of 51 mm.

The above polymer alloy staple fibers (D) were subjected to carding and

~ lapping, and then further subjected to needle punching at a punching times

of 3500 needles /cm? to thereby obtain a nonwoven fabric with a unit weight
of 500 g/m? composed of the polymer alloy staple fibers.
The nonwoven fabric was immersed into a 3 % sodium hydroxide

solution at 95 °C for 1 hour to thereby hydrolyze and remove 99 % or more of
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of 3500 needles /cn2 to thereby obtain a nonwoven
fabric with a unit weight of 500 g/n2 conposed of the
pol ymer alloy. Then, the nonwoven fabric was i mrersed
into trichloroethylene to thereby elute 99 % or nore
of the 15 polystyrene resin and co-PS conprising the
sea conponent. Fromthe nonwoven fabric, only the PBT
nanofi bers were extracted and then analyzed in a

éblwgéﬁgen Gi'{enttomtt%g dl‘fc%ﬁ?m%ﬁl Fﬁiﬁ{@ltﬁ I]I neQRQahZéad with acetic

It turn er aver

c?%ﬁﬂio%é%ﬁﬁ'be% ﬁﬁﬁdié&e PBT nanofi bers was 50 nm

was unprecedentedly 20 fine,

dll?fbrﬂ b ‘Hdn%bv‘e?i ﬁbﬁ%‘ 8nfy nﬁf‘er N6 rwex% 3?5&%& and

sequent pol yvi al co ol was provided to

thbﬁ%ﬂlﬂw e df (ﬁ)@fsbﬁueétgﬁ 13 Ml*'i‘fed%ﬁ%a@ aCRM®RE a%réééesmgle

pol yvi nyl "al cohol % w th respect to

fifdrbdiagndtlr to!ﬂ&hBONWaﬁibﬂb%bé ivbas Bardme3Rr s Htte:) whlch was
nonwoven fabric was inpregnated in DVF sol ution of 25

uieyeddmtedRofine! Hed abagediaoly sigild @her fhed®sé as extremely
contain 30 wt.%in terns of solid content of

sopadl we shovang Table Irespect to the fibers in the
nonwoven fabric, and then subjected to wet
c odubsegiuentlyp polysimidyalobhali waa mromvdedeto thHe fomwdven fabric
conposed of the PBT nanofibers. A surface of the
sughtthahedohdrmeadent ¢fabeipplywanybalcobd] was&seti% witdh respect to
then rapidly cooled down in a simlar manner to the
the {dhersin thamonworveniabrieher eby obtain an abrasi ve

cloth having a smooth surface, 5 The stress at. 10 %
el JRgHRPEROTR of Boampren| abric Map mpmgr@te@bmagl\éﬁ series

SRR Tl S e
sobidpfatteht s estedtato ¢ Bhere 38, Elne?n%‘iwkr'v%%ef%brieaend then
subjiefied 15 vt %Qﬁ'ﬁeiﬁb&%ih'g??b%x?ﬂ@le AROBY N o it o unit
W%lﬁhfxé‘g@égemo'ﬁ%tyﬁﬁ% @fs%f’ﬁﬁﬁlx BFE 11 in the Cace

of A?ﬁ?‘f@ ofIZhe %'i) Eﬁtﬂlﬁ%cgve]tg fél';‘rla Wag %%%Eea, pressed, and

was app
then rapidly cooled down in a similar manner to the case of Example 1, to

thereby obtain an abrasive cloth having a smooth surface.

The stress at 10 % elongation, compressive elasticity ratio S, abrasion
resistance coefficient, surface roughness, and surface hardness of the
obtained abrasive cloth, and the texturing results of a hard disk are as listed
in Table 1.

Example 9

Melt spinning was performed with the use of N6 (40 wt.%) with a melt
viscosity of 500 Pa-s (262 °C and a shear rate of 121.6 sec’) and a melting
point of 220 °C in a similar manner to the case of Example 1. During the melt

spinning, a shear stress between a spinneret hole wall and the polymer was
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back surface wth an adhesive mainly conposed of NBR

(nitrile rubber) and 15 then pressed and bonded a

pol yester filmwth a thickness of 50 amto thereby

obtai n a bondi ng type nonwoven fabric conposed of the
N6 nanofi ber nonwoven fabric and the polyester film
The stress at 10 % el ongati on, conpressive elasticity
ratio S, abrasion resistance coefficient, surface

ST Y A A P
5300585 S Lo BloPSHPR D ARt
I U O R0y, L TR oo e iy A i
BOESUERPADST 10, s, Bl £t o2 v

arf BRnEAnOberEdRiTYeCo298 o NakX ARl € P8, Wi, L£afRsthctional
Exanple 21, in EXanple 10 in the case of Exanple 22,

TEM bbscrafibh Of the obtairedt ﬁﬁgmealmy BkarekBibdtedVaSed bbland
- to be 50 %- The stress at 10 % el ongati on, conpressive

stRldard & WhitlRbPolPmerbicdSPBT congsiiSing e ee£ einfpoabat)tand N6
surface roughness, and surface hardness of the

conhiriding iraiylasd vempoatht, dndldrhe td Extanipladl, raaslibdveaddd that
a hard disk are as listed 5 in Table 3. Exanpl es 24,

tha5polgmeraatop TibEreimiwlhishva wmhmbbr abteasge dliamesoa bl the N6
13 in the case of Exanple 24, in Exanple 14 in _the

islaade vods 8 amphedabe N6 ishaadsiweresdistribuiedciasan efitrafine state
Exanpl e 26, or in Exanple 17 in the case of Example 27

wagsbiained sEHenncrimping eand enttdog weret peyfonmer onevhey polymer
hard di sk _was textured in a state where t

alloxrfgherder heprleohiain pelxrer pllop skanle ihens \Iﬁﬁ? gfith a cut length

Texturing results of the hard disk are shown in Table
of p1 Bfhpar ati ve Exanple 1 A device of which an outline

i SR rPgreopoty ooy teonl E05iAIDiduerg dipicatsd ip oifink and
lagf)eljntgi, %%dpt%ie%t fu%hezrzs(,)ubjected to needle punching at a punching times
of 3500 needles /cm? to thereby obtain a nonwoven fabric with a unit weight
of 450 g/m? composed of the polymer alloy staple fibers.

Subsequently, in a similar manner to the case of Example 1, the
nonwoven fabric was immersed into a 5 % sodium hydroxide solution at 95 °C
for 1 hour to thereby hydrolyze and remove 99 % or more of a polyester
component in the nonwoven fabric, and then neutralized with acetic acid
followed by being rinsed and dried.

From the nonwoven fabric, only nanofibers were extracted and then
analyzed, and consequently it turned out that a number average single fiber
diameter of the nanofibers was 84 nm (6 x 105 dtex), which was

unprecedentedly fine, and a variation in single fiber fineness was extremely

small as shown in Table 1. Subsequently, polyvinyl alcohol was provided to
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Cand PEwith a nelt viscosity of 145 Pa-s (262 C and
121.6 sec 1) and a nelting point of 105 Cinto a

tw n-screw extruder and sinul taneously weighing
respective polynmers such that a blend ratio of N6 was
20 wt. % was wused, and the respective polyners were
nmel ted under the condition that a 20 tenperature in
the twi n-screw extruder 21 was set to 260 C. Then,

thBohwaPBh bR R R4 3pITE Rl IHe BoliB, Fofhot yas 20
wilSg rggggnye'tg b HIRLEn Bl QoR0PR e, @ di scharge

ole a sim manner to the case

of P 013«'-3r t nf)ﬁ@v%(rgg‘f'gbﬂ&'%rs‘ﬂnéé%g% E3EDNF Q%Iutlon of

ch|p wei g |ng evi ce wever tlon to

polﬁ%ﬁeﬂﬁlﬁ&eéﬂe@ fs@E oﬁ)‘?lﬁ%gkéﬁé kb 31% oﬁtélﬁieg@vﬁnﬁ it terms of -

arge Bar ns serve er t spl nneret,

soRd doR@eMesf PRANARFILR Pe3PEct w%h@qibe’z\bh% §Re Bnwoven
stably woun but a small anmount of undrawn yarn was

fabhdc %ﬁi@tmﬁﬂs@lﬁﬁ@cﬂeﬂ% Wbt REeski 60 t6l tByYehy bigingatnonwoven

treatnent in a simlar manner to the case of Exanpl e
faliric tompbesedftebNgimhmvfbeayn yarn with 82 dtex and 12
filaments. During the drawi ng and heat treatnent, a
dr dwsnefaice ofvids sbtaihed Zhdhwovems fabkie mascbhuffpd ngreszdd, and
cutting were performed on the fiber 5 to obtain staple
thém htepiﬂly aoplesedowh iNGa andilRE manhemte the cessyoh Exfanyiile 1, to
The above staple fibers were subjected to carding
thMqulwbplmgn abmasive glathdravinpjasuneetht mnfeeed| e punchi ng
at _a punching tines of 2000 needles /cnR2 to thereb
obt’l}henstﬁgmg df % dengatipn. rrompnessivaslasticity rado J/ahrasion
The nonvvoven fabric _was |rmersed into toluene at 85 C
regigfante h gepfiisients suréarge roughnesss epyd cpiiacanbiardnpsseof the

%or more of PE in the nonwoven
Ob%ﬁﬁ%\?@ﬁaﬁ%ﬁﬁ Qthe B Sbe 4o BRI Thetsr cShreh %?%@ma%s listed
&bgf\g The ultrafine N6 yarn was extracted from
in {gBl&ht ai ned nonwoven fabric and then anal yzed, and

equent it was identified that an ultrafine yarn
ha ®stthgl e fiber diameter of 100 nmto 1 ft in

ot & Fofan sV THE AlwBier bt Byl o ngle Ypfipepad a weaving

oty Y P TR 190 Gk 0 o gy

wifs'lﬁgf\}\ﬁﬁa.:sﬁ Q)lgi g\sTﬁ Nife HaPRex d NS Fahtdl a3 (1R 86ubfing of 2
polymer alloy fibers obtained in Example 9 as a warp yarn and a weft yarn
respectively. |

Subsequently, in a similar manner to the case of Example 1, the .WOVEBIl_
fabric was immersed into a 5 % sodium hydroxide solution at 95 °C for 1 hour
to thereby hydrolyze and remove 99 % or more of a polyester component in
the nonwoven fabric, and then neutralized with acetic acid followed by being
rinsed and dried to thereby obtain a woven fabric abrasive cloth. A cover
factor of the woven fabric (warp x weft) was 860 x 1405.

. The stress at 10 % elongation of the obtained abrasive cloth, and the
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5 and 6. Subsequently, polyvinyl alcohol was provided
to the nonwoven fabric 20 such that a solid content
of the polyvinyl alcohol was 20 w.% with respect to
the fibers in the nonwoven fabric. Furthernore, the
nonwoven fabric was inpregnated in DVF sol ution of

pol yest er/ pol yet her- based pol yurethane so as to
contain 30 wt.%in terns of solid content of

teR Bt R EBEoT A AR AR ENMERLERER 10 ot

coaﬁ%ﬁé hé)lf; Subsequently, a surface of the nonwoven

fa uf fed, pressed, and then rapidly cool ed

d i i, h le,:

to Tpebafyiel ity FREUheS Frbofle & VM8 Bulted ¥ith
zstsgaﬁg& Eigcﬁﬁ.ﬁrt]kﬁi‘t%iggrrﬁééﬁihé t8folRa iR o &t EnitRUEBLER having a

at t nunber scratches I'Il, was approxi nmately

seSf 186E@dCheSeture . . the nunber of defects was
extrenely |arge, and el ectromagneti c conversion

C haﬂa‘tﬂfy‘éeﬂﬁieﬁtl'ycm HeiRilRPe ﬁ[anrﬁ}r@@ Ra FcﬁEé MﬁEEﬁﬁjﬂ% e, the/¥Bnitted
abrasive cloth was obtained in a simlar manner to the

fabAs evA imineasad #rtd a BYCliuinhaydidxeddsslabiont tt 95ESf@f1 hour
t he needl e punching in Exanple 1 was changed to 100

tortheekdlns hgdfolydd andt reds®readd W oborebxengbih ipplyaftet b@mponent in
obt ai ned abrasive cloth was 0.9 10 Ncmw dth, and

the ronarvasi fabric ant thas nemdrativeld weitbnymteddid felleved by being
_process of texturing of a hard disk, whereby the

ringedk and dyieddts thetrelpeoktisie atlnibeed fabriredufagiveycloth.
perfornmed. Results summarizing the above Conparative
Exahipt etress itd1® aedongatiqy of gh@ iobtaigiedealrasns eebhnsing the
28 The conjugate staple fibers (C obtained in Exanple

textuieng reydieet @ dard didanrn aylisind mabpblegl- and furt her

neﬁgle pﬁnching at a punching tines of 3500 needl es
/cr X eby obtain nonwoven fabric with a unit

e a9 FATB SOOI SRt 12 YT o DB Kaving
melt viscosity of 120 Pa's (262 °C and 121.6 secl) and a melting point of
225 and 80 wt.% of polystyrene copolymerized with 22 % of 2-ethylhexyl
acrylate (hereinafter sometimes referred to as co'PS) at a kneading
temperature of 240 °C in a similar manner to the case of Example 1, to
thereby obtain a polymer alloy chip.

Then, the polymer alloy chip was subjected to melt spinning at a
melting temperature of 260 °C and a spinning temperature of 260 °C
(spinneret surface temperature of 245 °C), a single hole discharge amount of
1.0 g/minute, and a spinning speed of 1200 m/minute in a similar manner to
the case of Example 1. The obtained undrawn yarn was subjected to drawing
and heat treatment at a drawing temperature of 100 °C, a draw ratio of 2.49
times, and a heat setting temperature of 115 °C in a similar manner to the

case of Example 1. The obtained drawn yarn had 161 dtex, 36 filaments, a
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20 Then, in a simlar manner to the case of Exanple 1,
the nonwoven fabric was inmmersed into a 5 % sodi um
hydr oxi de solution at 95 C for 1 hour to thereby
hydrol yze and renove 99 % or nore of a polyester
conmponent in the nonwoven fabric, and then
neutralized with acetic acid followed by being rinsed
and dried. 25 Subsequently, polyvinyl alcohol was

BN NIRRT ool e e 20 .
respesbsd &actfo?%l f’[‘ﬁ’[ﬁ"é’oée?v%ﬂg% 3@ @ﬂ@%%@afr%ﬁ%(gylé%@ia%loy fiber

Fur't hernore, € nonwoven rrc was | npre

exm’%:fcé& 'a“sﬁia‘:i@léﬁd sPAbNES LR rv(rlﬁ’i%hycgvt]g‘wg rcgﬁﬁﬁfs‘in a sea_component,

pol yur et hane so as to contain 3 .A)lntegrrs of

artP PP eoRiRMinSfaP MINHA Sobditmetit! AnlesRealed Phdththe %)olymer
fibers inthe nonwoven fabric, and then subjected to

allt fibOagy kalitR ' haldiRwesebypd didbetitl dethd PBE Rlands was 45
simlar manner to the case of Exanple 1, to thereby

ni@bhadnthe PBTeislhals | werd amifsedyoHidthihuibd r o i end¥Re was
fibers. Also, the water dispersion obtained in Exanple

obtaised. fheinh eFimipingt &ad cwttihg wadrer pérdoied ehytlrbpaymer alloy
wat er di spersi on having an NO nanofi ber concentration

filsfr 0. thereliy ebtalheolyaher allop ptapie diberaVEhgrithe cut length of 51
concentration of 10 0.05 wt.% was sprayed 100 ti nmes

mphr ough a spray nozzle onto the nonwoven fabric
obt ai ned as nentioned above to t&sreby forman NO

nanbh¢ bbeve nglamerorliay stapleeBbers (1Y) wereesukipctedipeseding and

of the ultrafine NO fibers, and then the fornmed _. .
lapping; iad thes Brther sWuperddopyeasids pynshing atiagrnching times
of RO IRATT i onhorb: QP B, BURNGUTR Tt LK AEVSE greight
o f B kbS5 B £, SR BRP et Er e e was
._ab [ | ot.h 3 in, hi th
iRy 00 SRR BRIVl (Radiereby of e 109 et cmptp of the

i{gﬁg whol e.shega-l_gée mat er.i a!t As a result. of an
POV VS O F16r % hid SRIGPAERDE i B%F%a CAOB0RE asive 20

c! %0k B 0000 A TR BHR! AHE 3R Pt nbdoRBHOHbrd Bkafed and

ge single “fiper diamet’ér (number average

thgha%hf)@ed(’fint Be NZRRN MRS t8Bhe Ccd¥d (F Example 1, and -
consequently it turned out that a number average single fiber diameter of
the PBT nanofibers was 50 nm (3 x 105 dtex), which was unprecedentedly
fine, and a variation in single fiber fineness was extremely small. -

Subsequently, polyvinyl alcohol was provided to the nonwoven fabric
such that a solid content of the polyvinyl alcohol was 20 wt.% with respect to
the fibers in the nonwoven fabric.

Furthermore, the nonwoven fabric was impregnated in DMF solution of
polyester/polyether-based polyurethane so as to contain 30 wt.% in terms of
solid content of polyurethane with respect to the fibers in the nonwoven

fabric, and then subjected to wet coagulation to thereby obtain a nonwoven
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x 10-5 dtex), a fineness ratio which a single fiber
fineness was in the range of 1 x 10-8 to 1 x 10-4
dtex was 99 % particularly a single fiber fineness
ratio which a single fiber dianmeter was in the range
of 55 to 84 nmwas 71 % and 25 a variation in single
fiber fineness was extrenely small as shown in Table
6. Also, afiber ratio which a single fiber dianeter

pilas more t%ag 10 i m s 0% 77 ML The stress at 10
ab/%”éf%ﬁé’é??? ! ﬂ%e?ﬁg?e%@?%egﬁasti city ratio S, abrasion
nar RS, 6 e oBlifibd RKAGG FRMADPRS vyl YESRAC and

P | o . T .
A R A L
ant . . . nth
thl?%ﬁyo%%gﬁggfiehrgnce Cg‘@%‘@g' %Se?]gr en%%ﬁﬁégeélrrgl e (1e Mel t
k ' oA - i o i1 f .
Koot St b Aol MR BRI 9 sin

reSRt4AR0 Befiet! #d9ale RUEhRELY - knldaGuiface 1Raftidbs of the
(optical purity of 99.5 %or nore) (80 w.% having a

 ob¥Rin@at akuevat@otiPh R thé te RiriE r&fulfe?ér 4 harddivk afe as listed

melt viscosity. of 30 Pa-s (240 C and a shear rate of
inZhdledec 1), and a nelting point of 170 C was

performed at 220 C by using the tw n-screw extruding

k neéigkenpldsol 3,Het, dB5y 16bt BiancdalBol ymer all oy chip. Note

that the wei ght-average nol ecul ar wei ght of

polKHadh hhrisive ththobdaiwad wbEaamgde ilnint the ¢asel dfErgmple 13,
~manner. That is, a chloroformsolution of the sar¥pl e
inssamplecd imbhd cagepf(Exampley i dndEzample?® pr thaeasel Example

measuring. solution. This was neasured at 25 C by
16yanfExampleydp ipdhecase of Exampimd6gimisammded] \wkthe sase of

2690 nmanufactured by Waters Corporation . to there ]
ExsnnlenlTher Webgpmple d2agethrorase pidixamplmi8 was applied on its

pol ystyrene 20 equivalent., In additio [ t.
bagkaBEdde, Wik Mpadhesive sRpElE Composed SEIVER Jptrile rukbey) and
rate of

theflogisgreg 44 bRsteda Joueste FUaEath & thickBipepLa ¢m

Tshg}:c'ebzylc%t%t:ir{il g%o%d?r'?ge %;per r?(gr?wgéenl ga]b%ics go%:f)&sed of the N6 nanofiber

nonwoven fabric and the polyester film.

The stress at 10 % elongation, compressive elasticity ratio S, abrasion
resistance coefficient, surface roughness, and surface hardness of the
obtained nonwoven fabric, and the texturing results of a hard disk are as
listed in Table 2.

Examples 19, 20, 21, 22, and 23

An abrasive cloth was obtained in a similar manner to each case of
Examples 1, 8, 9, 10, and 11, except that a hydrolytic removal ratio of the .
polyester component of the polymer alloy fiber in Example 1 in the case of
Example 19, in Example 8 in the case of Example 20, in Example 9 in the

case of Example 21, in Example 10 in the case of Example 22, or in Example
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was 86 Pa-s. Furthernore, a kneading condition for the
nmelt kneading at this tine was as follows. 25 Pol yner
feeding: N6 and copol yneri zed PET were i ndependently
wei ghed and then separately fed into the kneader.
Screw type: one-direction fully interlocking double
shred 78 Screw. dianeter of 37 nm effective length
of 1670 mm and L/D = 45.1 The kneadi ng | ength was

rranged o he di arge sjd point one third
1 e AR e PR G T b 80 B Tenper at ure: | 220
C Vent.. | Ot -pOl I -ITed t .
at Dd S ST AslohbBHiRs iR Aol RiBe B fosion
: K i s noiog ; 0
rebfdll b iheh, My BRRERED AEREFALY Baffineaddof the
obk iR dHbas TRl @bH, %Pﬂq:ﬁm\éﬁﬂ%riﬁgqgéﬂt@@f’ ) glgr AT AR Jisted
penetration particle size of 1 I'n, and then nelt 10
inSRipei3ng was perfornmed froma spinneret at a spinneret
surface tenperature of 215 C. During the nelt
spimgamples HE FPi2BNGhGI27havi ng a spinneret hole
di aneter of 0.3 mmand a hole length of 0.55 nm was
Us€The abgadvBalaih obthied! inBsahiyld 1B @by ¥ed. of igomple 24,
during the nelt spinning, a discharge anount per one
inhBkempds Islein tthe a4 o/ Exanipde Fyrinh&xemipde k5 i sthancase of
from15 a | ower surface of the spinneret to a starting
Exzonple 26, ool Exgn(ide Wippetherdsobf Exaniplen@®dywasdsmBersed in
cm A discharged yarn was cool ed and solidified over 1
water fou 30 minubes, iang thien hharddisk wespextared o afst2@ where the
oiled at an oiling guide placed 1.8 in below the
nagneiihaes were sufficiently veaketl rhitlowgiien destureeg reswts obthe hard
.second, take-up _rollers. Subsequently, drawi ng and heat
digk are phewnan kabde 40 wound yarn was perforned under the

the tenperature of a first hot roller
ReiPper at ure of a second hot roller

cogition |

30. y [ the tr. t., th tjo. ;
0 32Rce G B eSS AR 10 i 6 it
o B s A 5 RS e pl o220

oS E P Wil BCarb1ENAEEXS of 145 Pa's (262 °C and 121.6 sec)) and a

- melting point of 105 °C into a twin-screw extruder and simultaneously

weighing respective polymers such that a blend ratio of N6 was 20 wt.% was
used, and the respective polymers were melted under the condition that a
temperature in the twin-screw extruder 21 was set to 260 °C. Then, melt
spinning was performed by using a waistless spinneret with the number of
spinneret hole of 12, a discharge hole diameter of 0.30 mm, and a discharge
hole length of 0.50 mm in a similar manner to the case of Example 1. A
reference numeral 22 represents a chip weighing device. However, in
addition to the fact that blending irregularities were large and a large Barus
effect was observed under the spinneret, stringiness was poor and a yarn

was not able to be stably wound, but a small amount of undrawn yarn was
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25 an el ongation percentage of 38 % and Wo= 0.7 %
Al so, a cross-sectional TEM observation of the
obt ai ned polynmer alloy fiber exhibited a sea-i sl and
structure having a sea conponent conposed of
poly-L-lactic acid and an 79 island conponent
conposed of NO and also reveal ed that the polymer
alloy fiber was a precursor to an NO nanofiber, in

ob)a‘,‘%n%ﬁ &uﬁ‘&ﬂ?ﬁe sUELRE % ﬂkaﬁﬁ‘ﬁg gnﬂf héi‘temlﬂli?t : a#z‘l?riﬂsa\’\ﬁﬁlﬂar

Wer e dIS er

R S e R e R

dt@:?'eih] Epﬁ%t 2s. Di dr%c: Vl{@d?ﬁgn{geﬁ‘i?d' edPtr tﬁ?l%n ﬁr'c?\fv ratio

onponent 1 n the polyner a

wafté %rto RO EE The %h"n?ﬂuhé%d!\bﬁﬂh@%%k& éﬁbﬁh&& |o|n%h%cﬁber

y being rinsed and dried, to there obtain a fiber

to %Bﬁhestaﬁmm @np¥cea 31 0fé RREPE eﬁtlaarc% %ﬁgt@lfof 51 mm.

anal yzi ng 10 the obtai ned nanofi bers through a TEM

phoTlegadphe staglenfbbey v@\térﬁﬂﬂectddaﬂaieé:ﬁfdm% drite lmmg, and
nanofi bers was 60nm which was unprecedently fine,

fuftiheersubgédted tavidrgle psinebiwy fak ke putchingt tiimaof 2000 meedles
100nm was 0% The. obtained fiber bundl e conposed of
lehh éo ti2reby obitdiar sonweverufakiriv with puadeweightiof&00eg(g*h
of 2 nmto thereby obtain a cut fiber corrposed of the
NO Tlee nenwbiée fabii@ wasgimmersed mtd taliegeait 8MmEC for 1 hour or
obtained cut fiber were arranged in a TAPPlI standard
longergtn sheneby dute end(removedPuteedr ByoreoyioPEeikithe nonwoven
Sei yaku- Sho, Ltd. then prelimnary beating was
fa b@ﬁfﬂﬁd‘r@dlwvsn bwie é@mP0§%§§@|’&élr]u 1pfing, NG ¥ arnaasrobtained.
extracted, andthef rvvasrerlev
Tl‘é’r ditratag YRS WS OX ﬁp@ fe ebtaipe @ﬁpwemé‘gﬂgs and
% .The, 250, 20 of t i ber.in t ture st
thaasa%ﬁlyé%d | §9 Pafefpient ?ﬂaz eé &t TBpRat RS yam
man uf act.ur, ogy t
Bip e dtaBeHRER 100w ool e i Ratela ek piites f o x
nu meand cl earance of 0, 4,
Oof{Tb e @@ M0 PRTIOEeE 4 SuFREAN Bl ee kifilBhibd fipHness of
N- P
thglohiao R ARAE YA L HE T ?“aﬁﬁé%%@%e*ﬁ?ﬂ%er et a4

r
« fh; 08EY ﬂ*ﬁ‘é’%%‘? Fingfl §by Mie flokval FRAMRRES M SHoRK in Figs
5 Shd BT ed

Subsequently, polyvinyl alcohol was provided to the nonwoven fabric
such that a solid content of the polyvinyl alcohol was 20 wt.% with respect to
the fibers in the nonwoven fabric.

Furthermore, the nonwoven fabric was impregnated in DMF solution of
polyester/polyether-based polyurethane so as to contain 30 wt.% in terms of
solid content of polyurethane with respect to the fibers in the nonwoven
fabric, and then subjected to wet coagulation.

Subsequently, a surface of the nonwoven fabric was buffed, pressed,

and then rapidly cooled down in a similar manner to the case of Example 1,
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for 30 mnutes to thereby obtain an NO nanofi ber

di spersion liquid wwth an 80 N6 nanofi ber content of

0.1 m.% A zeta potential of the nanofiber in the

di spersion liquid was -50 nV. Reference Exanple 2 Melt
kneadi ng was perforned in a simlar manner to the case
of 5 Reference Exanple 1, except that N6 in Reference
Exanple 1 was replaced by N6 (45 w.% having a nelt

to Eb?lgeﬁ} %??@aﬁé%{' E%S'e %g‘%ﬁ%%@ %@&?&S%géc% ] 01; 1.2 1.6 -
po ’P{e%{lrigg RuftliR @_Xlér;r\rrng giSF, ﬂalvga%lgg@ﬂag {}:g]ggxgpgge{ gf %r%%ttdles

case’o f'er ence

N 0 0 o SAIEE e i
ol BBt AR e e pRLAG gpiiis ©

el qnaRbhPRiREESERIAES of 40 % and Wo= 0.7 % Also,
simlar to Reference Exanple 1, a cross-sectional TEM

0bs® Vilra8iveOtlot e 2D opt ARG d PRl ¥MBimiddt @¥anhdO€s the case of
exhi bited a sea-island structure having a sea
Ecanplendntexeeppabat e panphing kimestdfctlneinbedidl pumching in
I sl and conponent conposed of N6, and the polyner
Example T wasrchiangalitc 108 nuedbey/'cra¥er age di aneter of the
islands N6 was 110 nm and the N6 were dispersed in
an The stfessatsitte elmpasiavhelle obtained cilirasivedcloth was 0.9
olynmer alloy was treated in a sim/lar manner to the
Niceswidtd, amdftileahmsmmulbwa;s tho mudhoelongatadoinethsf prgess of
pol y-L-lactic acid conponent. 20 in the polyner al]|oy
texfjurang \ifsa hyando idysks dwhete e the ctexturingt wag Refe be able’ to be
remaining polyner alloy fiber was neutralized with
Su&%@ﬁf@ﬁéﬁ?ﬁ@ﬂ@?ﬂomd by being rinsed and dried, to
thereby obtain a fiber Qundl e conposed._of
i S B R A Oraﬁar%Y%Eaﬁﬁn%'\Iﬁ%S i apd 2 are as

Hﬁ%gfﬂ%lé&ag&;gugh a TEM photograph, it turned out that a
120.n

age di aneter of the N6 25 nanofi bers was |
L,gh was unprecedentedly fine, a fiber ratio
ha&ﬁ#‘ﬁlﬁz—é ngl e fiber diameter nore than 500 nmwas O
Z%r@r‘lefd ﬁogﬂalgg r#ﬁ%@é b%ﬁ%@%?%ain%hqglfxgrhgﬁeﬁ g\j&g‘ghﬁfected to
carding and lapping, and further needle punching at a punching times of
3500 needles /ecm? to thereby obtain nonwoven fabric with a unit weight of
600 g/m2 composed of the conjugate staple fibers (C).

Then, in a similar manner to the case of Example 1, the nonwoven
fabric was immersed into a 5 % sodium hydroxide solution at 95 °C for 1 hour
to thereby hydrolyze and remove 99 % or more of a polyesfef component in
the nonwoven fabric, and then neutralized with acetic acid followed by being
rinsed and dried.

Subsequently, polyvinyl alcohol was provided to the nonwoven fabric

such that a solid content of the polyvinyl alcohol was 20 wt.% with respect to

the fibers in the nonwoven fabric.

76



10

15

20

25

- The obtained fiber bundl e conposed of the N6
nanofi bers was cut into a piece with a length of 2 nm
to thereby obtain cut fibers of the N6 nanofi bers.
The obtained cut fibers were subjected to prelimnary
beating in a simlar manner to the case of Reference
Exanple 1, to obtain N6 nanofibers with a 5 noisture
content of 88 wt.% then further subjected to beating

E)r: aﬁ\lﬁ nllf:ﬂ e, gilgtnl g)geﬁ??ﬁxq wiS %gﬁ'f §§ ]ée%fﬁlnﬁﬁ/IF solution of

heu

po%e%@&‘?ﬁ@gé %kWaéogi p%?#n#é%ﬁaﬁ?’% sglfrﬁtévﬂ\)éll%gxnr{)g 1‘%d§hgerms of

soge f‘g’#@%‘z@ %Ejﬁ)%ﬁlfe@liéné'ﬂt afes E‘L‘?rthé Oﬁl&) ﬁlagﬁe Honwoven

to o nanof i

faﬁihéf))?ﬁé It inéu% Lo qith hwé;”ccb% Qﬁ'fgﬁéwg@'%rel@él gfbtgfféd in a

erenc Exanmpl e 3 neadl ng was$ pertorned

siMilhlR rhiendis® fe dfheV¥r: ﬁ&eﬂfngf’eBT b obtlihinonwoven fabric
viscosity of 120 Pas (262 and 121.6 sec') and a

coffijokid of i mtrgﬁnewﬁbam 80 wt. % of pol ystyrene
copol yrmeri zed with 22 % of 2-ethyl hexyl 15 acryl ate
( Plsa} tlee kreead diperdonasnbine] if Exdthgleihwassfurther diluted
manner to the case of Reference Exanple 1, to thereby
withtwateratqchewwby cithny e hgter Nispersiomahaving an N6 nanofiber
copol yrmeri zed PS had a nelt viscosity of 140 Pas at
coféshtgation of 025 §t8eCThe wader dmperfioghaPag the @iEegtztipn of
1216 see-'. Then, the polyner alloy chip was subjected
0. %ww%twesmmyng A0 tamepChprengh agpreypwzalertodhe2smwoven
C,. a_spinning temperature of 260 C (spinneret surface

fab@ﬁ@bt@m@d@%mmwr@ﬂ abgwe to %wehyrfgr@p@@d% appfiper layer
mmnute_ in a sinlar manne he_ca Refereri1

ongg énﬁheé’t 11keggt|a|tﬁ*ga} gfgnp@qqd g}en tﬁ@ﬁn%f\ff‘p? B d then the
h was OVI d p art of it char e

forwe? TRALGFIS) &ﬂﬁg follopietn by 1R§ Iére&?%ff@ rapidly ooled

di aneter of,,0.7

Qo e eray ﬁ%%agn%ﬁc Fasire ff%ﬁ e mgetl surface. Sihee a

ISR A e

0 O:Llem\i,g)iélﬁ;%p%igﬁ?g' SC?%}%em?ﬂ“i natlblf%ve clo Eﬁ W B9!5§0 ‘Lm, a

mnute a ne rawn

th}c’?%ga%s%‘%? th3 Uk § Lfﬁl?e‘} faﬁn%@lé‘églﬂy&“ 9&:4&6357 b GALTB5pdtt 13 the

en‘per ature o
whole sheet-like material.

As a result of an analysis only on the N6 nanofibers in the abrasive
cloth through a TEM photograph, it turned out that a number average single
fiber diameter (number average diameter) of the N6 nanofibers was 56 nm (3
x 105 dtex), a fineness ratio which a single fiber fineness was in the range of
1x 108 to 1 x 104 dtex was 99 %, particularly a single fiber fineness ratio
which a single fiber diameter was in the range of 55 to 84 nm was 71 %, and
a variation in single fiber fineness was extremely small as shown in Table 6.
Also, a fiber ratio which a single fiber diameter was more than 100 nm was

0 %.
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a drawratio of 2.49 tines, and a heat setting

tenperature of 115 Cin a simlar nmanner to the case

of Reference Exanple 1. The obtained drawn 5 yarn had

161 dtex, 36 filaments, a strength of 1.4 cN dtex, an

el ongation percentage of 33 % and Wo= 2.0 % A

cross-sectional TEM observation of the obtained

pol yner alloy fiber exhibited a sea-island structure

haw . c VAP Z- P .
N sﬁ‘eﬁg‘é %3 gg%&ﬁﬁg{mS@(%@gegg%vfe g@g{u&gﬁ 55@%33, abrasion

and an1s one

ST ALt e, NG eleRSRess of he

obt2irRAdh YRR él&'ti,}f, Al the (kBRSHS 851118 BRR Pird AidEre as listed
obt ai ned. Then, the obtained polymer alloy fiber was

inflTgREsed into trichloroethylene to thereby elute 99 %
or nore of copolynerized PS conprising the sea _
conpydeidtionfof! theweshdBbeRaliBgedidreHqhid Lbed ebvackledhmples is
15 fi ber bundl e conposed of PBT nanofibers. As a

desedbéd iwthefoléswaingsieferencé beampled.i ber bundl e through
a TEM phot ograph, it turned out that a nunber average

di dRefepencef Exdw@pRBT nanof i bers was 85 nm whi ch was
unprecedentedly fine, a fiber ratio having a single
f i Mdeltdireasting ofidl6(20hen%) Dagingma maalt Oidpsidn of 57 %abefztlo °C
ratio having a single fiber diameter nore than 20 100
angha shearirae of R438Iseeiraoul 4 npeltingpednbof 220 Ys.andpolytelactic
PBT nanofi bers was cut into .a piece wth a length of
acpd fopticalt prritso pf §9:a % oz unore)/@0swi%6) havimgra weight-average
anof i bers, The obtained _cut fibers were subjecfed t
m éufaﬁim%;atwgétzﬂn ousang, amelt FAsGesHN ?t(bpﬁfﬁe&@s@o and a

e ELHETER, AL Lo SO PR nsnel e o
AR B e e B BBt b mer
58, NS, R e o e o
aclf speifpined iP5 ol dibafln SRS, Ripdupto golution of
o1 N1 456 IS 5ty B it e R Slsuring

solution. This was measured at 25 °C by using the gel permeation

chromatography (GPC) Waters 2690 manufactured by Waters Corporation to |
thereby obtain the weight-average molecular weight in polystyrene
equivalent. In addition, a melt viscosity of N6 at a temperature of 262 °C and
a shear rate of 121.6 sec! was 53 Pa-s. Also, a melt viscosity of the
poly-Lr-lactic acid at a temperature of 215 °C and a shear rate of 1216 sec’?
was 86 Pa-s. Furthermore, a kneading condition for the melt kneading at this
time was as follows.

Polymer feeding: N6 and copolymerized PET were independently .

weighed and then separately fed into the kneader.

Screw type: one-direction fully interlocking double shred
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di spersion liquid with a PBT nanofi ber content of 0.1

w.% 5 Reference Exanple 4 Melt kneadi ng of PTT

(pol ytrimet hyl ene terephthal ate) having a nelt

viscosity of 220 Pas (262 C and 121.6 sec 1) and a

mel ting point of 225 C and copol yneri zed PS

(pol ystyrene) ("Estyrene" KS-18, copolynerized wth

met hyl nethacrylate, nelt viscosity of 110 Pas at 262

C . t ' lmy =
3&%&%131%%3% ?%3_7 %,‘ '@@éﬂper L8 1%5%91 By 1&'&(2@%%7 %&%/D 45.1

Chem cal ormed~at a
t e”p%@kﬂéﬁ%i%fg I%E%}FW,HE ‘A?fax,{éé%i SPREH BiseRafe %%EEF a point one
- N

content of In a simlar manner to e case

th@fd GEiHRY SRCRiveN iRt Coflthe QréWer eby obtain a pol ynmer
alloy chip. Note that the copolynerized PS had a nelt
Vi Fe@peiatu@b: 290 Ras at 245 C and 1216 sec 1. 15 Then,
the polyner alloy chip was subjected to nmelt spinning
at Vent:ieepdingg tenperature of 260 C, a spinning
tenperature of 260 C (spinneret surface tenperature
of 245Thg podynilen alpy ohiptgas pedded it 2300CHnthawidting sction,
simlar manner to the case of Reference Exanple 3.

arduthengintheduedtto theispn bipckawHhi sEnetingiemperssre of 230 °C.
provi ded at an upper part of its discharge 20 hole

Thein, the weltghi nolyseat aldoy reas filfezediithnenghy aomepaldis mmwoven
and had a discharge hole diameter of 2 mmand a

fabrie hivanee aBRrEIM eAgpenaitaRonparkicle sizeal 18 Him.and then melt
the spinneret used in Reference Exanple 3.

spIpRiRLaNAS Peyiormed fxm @ sninaereicatppiameset suiace temperature

o Rt e s s s o o
YA R RS 1PN G0 B aR T A e
5oL 0 B b BT, B A e
R, 420 SRR 1B S5 SHERRRE i o
« VAR TR L P Pty L L o
o B 0, Ty BB ek VAL vo 1

wifth”e?%éﬁn?_fai? TAVIRE% tetn @08 bf Ho 403080 At & ofAl% guide

an el ongafi on percentage
placed 1.8 m below the spinneret, and then wound through unheated first

 and second take-up rollers. Subsequently, drawing and heat treatment of the

wound yarn was performed under the condition that the temperature of a
first hot roller was 90 °C and the temperature of a second hot roller was 130
°C. During the treatment, the draw ratio between the first and second hot
rollers was set to 1.5 times. An obtained polymer alloy fiber exhibited
excellent characteristics of 62 dtex, 36 filaments, a strength of 3.4 cN/dtex,
an elongation percehtage of 38 %, and U% = 0.7 %. Also, a cross-sectional
TEM observation of the obtained polymer alloy fiber exhibited a sea-island

structure having a sea component composed of poly-L-lactic acid and an
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of 25% Then, the obtained polyner alloy fiber was
treated in a simlar manner to the case of Reference
Exanple 3, to thereby elute 99 % or nore of the PS
conmponent in the polyner alloy fiber, followed by
being dried to thereby 10 obtain a fiber bundle
conposed of PTT nanofibers. As a result of an analysis
on the fiber bundle through a TEM phot ograph, it

1sfa¥fdn§ﬂ%g?ige1\{£§ﬁ%}go§%ﬂ'ﬂf%6 & ra‘i&?ré’ée%’l‘&i gﬁe nt?‘fehgl é&ﬁgﬁi@ alloy

nano nm wh c unprece

ﬁlﬁerf WRE' a' ﬁiéc%rﬁﬁ'v k%R N6 nﬂéﬁoﬁ‘tbeﬁ‘e ndidTEL &f ﬂlﬁzﬁﬁef I&@@rage

00 nm was % and a fiber ratio haV|ngaS|ng
dlﬁhfé@ér de QHStNB 1@13{11@18“9&5‘ 55! and Ofnd Theas 6 3%ere! Bfspersed in an
obtai ned fiber bundl e conposed of the PTT nanofibers
ulyeditedtakeit 0 a piece with a length of 2 nmto thereby
obtain cut fibers of the PTT nanofibers. The obtai ned
cutThé btsinedr polyubyjrestied ferivelsi thmeksed e AT5 1MW sclium
simlar manner to the case of Reference Exanple 1, to
hyalrbride deTdtigA atHEF foerishevt to tharebs hydeolgeatadtreaio®059 %
wt.% and then further subjected to beating in a
orghord effa palnbrlattic atid coagmrehtRafthe otyanéx alipy fibér, and then
Subsequently, 2.5 g of the beaten fibers, 0.5 g of a
nemdralizede withs peetgancid fulloged BALS g mirseflady detedpgo thereby
Daj -i chi Kogyo Seiyaku Co., Ltd. nol ecul ar wei ght of
obtawoa)fiker bunleronnosed of N6 somofibers.weder esult obanalyzing
arranged and {)hen stirred for 30 mnutes to obtain a
Tobtamast ngaefi @ﬁ%ﬁl@r@g&naﬂﬁm @bstegranhptire mursbenaverage

SRR S o34 G O S e e,
o L UE SR PSEEE Ay i 5
e 858 SRl T8 56 SR B e
TSP S, P SR, B SR e
i R N

TAPPT N5 d-GHP ARUES %stze’lg)eacgeﬁs@ﬁﬁﬁ%ffétured by Toyo Seiki

Seisaku-Sho, Ltd.), then preliminary beating was performed for 5 minutes,

subsequently excess water was extracted, and the fiber was retrieved. A
weight of the fiber was 250 g and its moisture content was 88 wt.%. The 250
g of the fiber in the moisture state was directly arranged into an automatic
PFI mill (manufactured by Kumagai Riki Kogyo Co., Ltd.), and then
subjected to beating for 6 minutes at a rotation number of 1500 rpm and a
clearance of 0.2 mm. 4.2 g of the beaten fiber, 0.5 g of an anionic dispersant
SHALLOL AN-103P (manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.) as a
dispersant, and 500 g of water were arranged in a fiber mixer MX-X103
(manufactured by Matsushita Electric Industrial Co., Ltd.), and then stirred

for 30 minutes to thereby obtain an N6 nanofiber dispersion liquid with an
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surface tenperature of 215 C), and a.spinning speed of
900 mMmnute in a simlar manner to the case of _
Ref erence Exanple 1. During the nelt 10 spinning, a

di scharge anmount per one hole was set to 1.5 g/ mnute.
Subsequent |y, the obtai ned undrawn yarn was subj ected
to drawi ng and heat treatnent at a draw ng
tenperature of 90 C, a draw ratio of 2.7 tirres and a

N@‘ GinotBbt cBgte%rﬁnﬁe? UL 8y %xz"e%Q p%tliﬁti?%%kr an[) dPRBRE in the

€ case erence al ned

d I M S|rrmersed|ntoa5%sod|um
I%rom d a%lgﬁ a¥ﬁ98 C for 1 hour to thereby

hy%@eyg&e%dmﬁ moye 99 % or nore of a poly-L-lactic

acid conponent Tn the polymer alloy fiber, and then

neufeR! kaesdigt Hra%cgéiﬁrﬁ%tldﬂ of lpwedr b&la%%ﬂeﬁ Ot kRS &hse of
and dried, to there obtain a fiber bundl e conposed

Reférdrite! E}E‘Eﬁfa kel Sexc@ﬁt 3hhe NG in WefarBdned FxbehleoD wiid fdpaced
fi ber bundl e thro a TEM phot ograph, it turned out

byt Net(48 vas )% elhwraglarxﬁ@le wisceityesf 02 Phe (PB2nenaid hehsar rate
was 240 nm and a fiber ratio having a single fiber

of di2dré ses 1) rmidea trheltidgdpoimt 0fe2200°Coto dhtanbh giohpaef ialbley chip.
bundl e conposed of the PP nanofibers was cut into a

Therecm wi simdal enghhenofto 2themcase toficRefeyemdet xantpie 1, it was
fibers of the PP nanofibers. 25 The obtai ned cut

subjasted teermelts shiroungdand dragving aadyhbastattreagmantato thereby
simlar manner to the case of Reference Exanple 1,

0 maanpdwmﬂh@ﬂpﬁeﬁlsem’?hﬁ #btaisiedt pelymesnalay fébewsxhlblted

% and then further subjected to beating i

exgﬁelilﬁnta@ha:raﬁmistt‘:@ q frfel éﬁ% G ﬁk@%ﬂ%ﬁq GesStrRRgE e 3. 6 cN/dtex,
bsequent |y, te I b g
%@Liﬁpsﬁlen @PE‘?%‘F%&%Pf ftﬁ%/g 7 (51 T@r@acflmli@ mﬁe@rence

Expinl) Lo o f’sgg’@%%%lnki‘ﬁiﬁas%r&%t@noqf e Pelymier alloy

or 30 m nutes to ,obta

g i At %@tﬁ'&ﬁ[ﬁuﬁ BAVIRG A PSR AR asposed of
pofhefictis Reifapd B ubEt ChBREFURERR Ryt NG And B polymer
LSRRGS IR M58l 0BRSS EOGR 15X BFBeSisPindd 106861 110 nm,

€ "conpose
and the N6 were dispersed in an ultrafine state was obtained.

The obtained polymer alloy was treated in a similar manner to the case
of Reference Example 1, i.e. 99 % or more of the poly-Lr-lactic acid component
in the polymer alloy fiber was hydrolyzed and removed, and then the
remaining polymer alloy fiber was neutralized with acetic acid followed by
being rinsed and dried, to thereby obtain a fiber bundle composed of N6
nanofibers. As a result of an analysis on the fiber bundle through a TEM
photograph, it turned out that a number average diameter of the N6
nanofibers was 120 nm, which was unprecedentedly fine, a fiber ratio having
a single fiber diameter more than 500 nm was 0 %, and a fiber ratio having a

single fiber diameter more than 200 nm was 1 %.
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10 ultrafine fibers was obtained in a simlar manner
to the case of Reference Exanple 3. As a result of an
anal ysis on the fiber bundle through a TEM

phot ograph, it turned out that a nunber average

di ameter of the PP wultrafine fibers was 600 nm The
obt ai ned fi ber bundl e conposed of the PP ultrafine
fibers was cut 15 into a piece with a Iength of 2 mm

]E ?b’félgeg 5@1?%11&? Lg?e{) b% é %ﬁ) seﬁfofttﬂ I\?(I)P na %}ggl W4s cut into a

alne ers me e su Jec
PIQ§ WL eﬁ%@thﬁ’g%ﬁ‘g“‘l&% by Bbkh R Mk beA R AR bers.
Eﬁ‘ta‘i‘ng@'cﬁt t?erﬁ%f%né tﬁéct@é ﬁwa?r@1mr§ﬁfé&t{wrg Ilbgrsmnlar

| ect ed tO eating manner“to t

mQﬁnJﬁefd??ﬁﬂ E&seEéiaREfe%e%?e BRaniIs 9046 gﬂolté(m ﬁGOn&dﬁbetrQ %nth a

beat en ers a nonionic |spersant

bRt (Imest @ﬂs@ﬁa YRR fulEHlr éiqgmeﬁ%ywﬁm@m 0 snmlar

d., nolecul ar weight of 10000) as a di spersant, and

m@ﬂl@elgt@fhé/\/@h% olVRefereats M@REbleaN hidefirtdd whitHthOusS0f an
mnutes to obtain a PP ultrafine fiber dispersion

ariomigi dispeidant FHALLORS AN 163P eim oovifaetiiredf§ bP. Daich¥Kogyo
25 Reference Exanple 7 A nutually arranged pol yner

Sefiyddar GeasLdhymalacidar tweight ndiliooo0) tasad difPSrsnet REA similar
were used for a sea conponent and an island conponent :

m@inercdpethé vedse, ofi Befaremdeadtkanapleo yaty Tdtst N6enanofiber
nunber of islands was 36, and a spinning speed was

disrgoeion I wid: withaan Nfeanofibanrcontent off &l whi.o of 3.0

tinmes, to thereby obtain a drawn yarn conposed of the
nutw@ﬂﬁﬁpol yner fiber having a si ngI e yarn
finene of .3 dtex. Then, the obtained 5

e ek deneading veasperioRe i He he g5¢ Kb 2@&@@%@ f‘Banwwmg a

mg eg&ggggﬁgﬁgﬁ%ﬁ Toretd, gﬁﬁeﬁkﬁéﬁﬁb@nﬂ%eﬂg pownt of
220t % RO ¥1-Gopt BelaEene dnpabr BRpStraHe 28 ot % egihexy]
T T
capt AE R heplsS Tipald dufl S5t Wedp 7 BB Sy e, Note
thet Thé %{me&rlzé(f) PRG35 i v%ogftﬁn&elam Pa-s at 262 °C and
121.6 sec’l, and that of 60 Pa-s at 245 °C and 1216 sec’!.

Then, the polymer alloy chip was subjected to melt spinning at a
melting temperature of 260 °C, a spinning temperature of 260 °C (spinneret
surface temperature of 245 °C), and a spinning speed of 1200 m/minute in a
similar manner to the case of Reference Example 1. During the melt
spinning, a spinneret which was provided at an upper part of its discharge
hole with a weighing section having a diameter of 0.3 mm, and had a
discharge hole diameter of 0.7 mm and ﬁ discharge hole length of 1.85 mm
was used. Spinnability was good, and the number of yarn breakages for 1 t of

spinning was once. During the melt spinning, a discharge amount for a
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Exanple 1, to obtain PET ultrafine fibers with a
noi sture content of 75 wt..% and then further
subjected to beating in a simlar nanner to the case
of Reference Exanple 1. Subsequently, 2.0 g of the
- beaten fibers, 0.5 g .of a 15 nonionic di spersant
NO GEN EA-87 (manufactured by Dai-ichi Kogyo Seiyaku
., Ltd., nolecular weight of 10000) as a di spersant,

o0 ,
sl 0% 8l st Y IETH, LAl S oo
y . - : | , . .
~RE% B e e BRE WVl iR BE 100
a 0286 1086 ofIBPPEAhOL dAdIY Heéme&ﬁ{@'uf}ﬁﬂemu@e M52 in a

manner to the case of Reference Example 1, except that

sitiRR ERGNNS toNEROtALL bf WaTe fdnlck MBEamipld) 1t Mehd bBBfined drawn
m xer MX- X103 (manufactured by Matsushita Electric

yaridhad ricgll dféx, , 36-fillahe SOV strenBeh efen g ecNpdes®! £n blokation
25 di spersant was not used. A zeta potential of the

pereastfageast 3%, hendlisper 2%, A icfobisthevEidnall FHW .observation of
Ref erence Exanple 9 88 Melt kneadi ng of PET having a
theedhtamest pslyyerohllap diéa-exHiBiied G avshislandtstsactury andng a
pol yphenyl ene sul fide (PPS) having a nelt viscosity of
sed60ompansnt 80Mpaseth df1@&pelwmerizehaBS pand crmedand oeihpgnent
a twin-screw extrudin kneader under the follow ng
composedi fnPBlc hndHae B‘%ﬁﬂ&m glley fiPET innethiPSasnuwmber @¥erage
MW . %and 20 wt. % respectively, to thereby obtain a
digwejeref the BBT ishinsls was @0tmatanst vhe BRI islaaids wee uniformly
.having a nol ecul ar chai.n end replaced by a cal cium
dispRarsod o0 panpsiascvanobigined. 45 A kneadi ng secti on

length wag 34% of a,screw 10 effectjve |length. The .
knzg‘a?rhg  PhiRined  dolmesn editib%r %wafe pmsweed into

tri?:ﬁio%\(’)vétlgrqgﬂee & %hgre %’C% illt%w g%eq%i 81[] Srhore of copolymerized PS
comprising the sea component, followed by being dried to thereby obtain a
fiber bundle composed of PBT nanofibers. As a result of an analysis on the
fiber bundie through a TEM photograph, it turned out that a number
average diameter of the PBT nanofibers was 85 nm, which was
unprecedentedly fine, a fiber ratio having a single fiber diameter more than
200 nm was 0 %, and a fiber ratio having a single fiber diameter more than
100 nm was 1 %.

The obtained fiber bundle composed of the PBT nanofibers was cut into
a piece with a length of 2 mm to thereby obtain cut ﬁberé of the PBT
nanofibers. The obtained cut fibers were subjected to preliminary beating in

a similar manner to the case of Reference Example '1, to obtain PBT

 nanofibers with a moisture content of 80 wt.%, and then further subjected to

beating in a similar manner to the case of Reference Example 1.

Subsequently, 2.5 g of the beaten fibers, 0.5 g of a nonionic dispersant
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Pol ymer feeding: PPS and PET were independently

wei ghed and then 15 separately fed into the kneader.

Tenperature: 300 C. Vent: None. The polyner alloy

chip obtained in this reference exanple was led to a

spinning machine simlarly to the case of Reference

Exanple 1 and subjected 20 to spinning: During the

spinning, a spinning tenperature was 315 C, and after
NOIFRIN eEAP‘QZy@BnﬁHCQXre‘ﬁa%F?L']!)Eiifc%q ﬂ%@g&‘gée ARt hd | CLid.,

nonwoven fabric aving a mexi mum penefratron particle

m8lefhlA mﬂeﬁ%\}‘n@ of 1660 é@ia{”ﬁigﬁ?f’éﬁﬁt, B&hf Sbﬁeg i ?JHztgxé were

Spl nner et th a spl nneret s ace tenperature o

| arvangdd’ hAE g Rirked pfo?nB@gmi?u i @@edb%&in Wi T WRSnofiber

provi ded at an upper part 25 of its discharge hole

di¥pdidich MgLETWRG £ PHT AAnANLNE Rt 8MBLSKt 9. 0.3 M
and had a di scharge hole dianmeter of 0.6 mm was used.

Al SRefedbMddBxiMple 4l t spinning, a discharge anount
for a single hole was set to 1.1 g/mnute. 89

FurMety khs£ding ofi BPBMg6lytrianethylanetersphfiadatedfhavieg a melt

spinneret to a starting point of cooling was 7.5 cm
videodityodfaZ 2k Paya (262043 andol 2H6ased 1k ahiddi hicttingvwmint bf 225 °C

wth a cooling air having a tenperature of 20 C, oiled
and tépglymeexsd S (polgstprgnebfilistprere’ BERP, capdlsmesized, with

and then wound t hrough unheated first 5 and second
metdiyd-mpthasrylate, meltavisgoeityfof IIOOPaisnahd62.°C and 121.6 sec)

Spinnabiljty at this_ tinme was good and the nunber of
mygnytachiresk Hye Ninpen ngfeeh Ghemical ofei nbisliswasppenfprged at a

was, . zer o. Subseq\%gnt |y, draw n d_heat treatnent of

e

knegding tempeyativne wh 248610 ypdent o geRdition ol BT pmtamcof 25
o ST sl St S o b B S B B et
ook RpHEST Ry 58 B 581 G ERERe e M Rt
Vi 78 B ot 2B At dRI8SE8 Tl anent s, a strength

oy Tdh SPhE b8P aBLORER wPly RERRSIEES Bl bpfingidar o
m(gltstiégl;feéﬂngéﬁtﬂ?éj oP b8B! aegpliﬂﬁilfgi &%pér%\f&xael S‘szé@aé (EFRneret

surface temperature of 245 °C), and a spinning speed of 1200 m/minute in a

similar manner to the case of Reference Example 3. During the melt
spinning, a spinneret which was provided at an upper part of its discharge
hole with a weighing section having a diameter of 0.23 mm, and had a
discharge hole diameter of 2 mm and a discharge hole length of 3 mm was
used, similarly to the spinneret used in Reference Example 3. Spinnability
was good, and the number of yarn breakages for 1 t of spinning was once.
During the melt spinning, a discharge amount for a single hole was adjusted
to 1.0 g/minute. The obtained undrawn yarn was subjected to drawing at a

draw ratio of 2.6 times in a 90 °C hot water bath. A cross-sectional TEM

observation of the obtained drawn yarn exhibited a sea-island structure
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15 each having a dianeter |ess than 100 nm were
uniformy dispersed in PET, which was a sea pol yner.
Al so, analysis results of circle-equivalent dianeters
of the islands with image anal ysis software W NROOF
reveal ed that an average di aneter of the islands was
65 nm and the polyner alloy fiber in which the PPS
was dispersed in an ultrafine state was obtained. 20

BT AT AN T
cohg)%igml c{)%ﬁgﬁgz%% 6f P"’Hd ahﬁ"%\éf‘po??x?lé% a?l%y e tl%feVHHICBEJ number

onen polyrer

#J ald %trodf'ttgl P’E’?tlls ey ‘gag 9| I‘Pﬁﬁeg% X:BPEP'PQ igliaﬁag%ere

dr| y obtain a fiber e conpose

a: |
L e e

firiest BEB. Eﬁdféﬂ{m&%tré‘f{@ﬂla&el 3UNYIELE fan@ ah R®¥R%ion percentage

nanof i bers was 60 nm which was unprecedentedly fi ne,
ofagdsa fiber ratio having a single fiber dianeter nore
than 100 nmwas 0 % 90 The obtained fiber bundle

corffiest dhefobtiiecligpolpmet iabley fibsesv iirehtddira sphéae manner

with a length of 3 nmto thereby obtain cut fibers of
totthe cBRSof Rafikinbe Fxaniple 3)Hbahesshyceluté id9e¥osorvumoee of the PS

subjected to prelimnary beating in a simlar nmanner
componket dastheopoBeher abloy fxempbHowed thy bbing niriélﬂst@ thereby

nanofi bers wth a noisture content of 80 wt. and _
obt4iana fiher hundiappraposad oﬂJPTB‘etman@)em As gi 1\¢su rofaanapalysis

to the case_of Reference ExanP . _ Subsequent]ly, 2.5

9

ongther fibercbwrdledhronge asTEN ph O@raﬁh,ﬂérwﬁmé oaf %@‘&%ﬂmber
NO GEN_EA- 87 (r(%nuf actured by i -ichi %yo Sel yeiuuh

avegage | fiqmetegpiofc thar Rlel gmanghbaxsoomns a9 was
di sp an nd 5 ter were 10, ar and

uqme?ﬁtfsﬂt?ﬁh@o@%ra ggewmf’ daving grainghe G a%% §i6¥ e than

| Sper. Si ?)n% ga‘ E" L P’%@O ?g%ﬁég%ﬁ&ﬁr Conf;ﬁgrht%f&ngore than

10\%5 erS| Q l'i quid vvlth an N6 nanofi ber content of 0.1
6“[a| ned in a simlar manner to the case of

thedh r‘?‘iﬁ%ﬁ%?(f BB hludy SRl ol BET SiobERR] Haflout ino
a ﬁe?cﬁp%ﬁhlg 10t 6f T {'En62E5 Bbeai GliCRBErSSR WS PTT
nanofibers. The obtained cut fibers were subjected to preliminary beating in
a similar manner to the case of Reference Example 1, to obtain PTT
nanofibers with a moisture content of 80 wi.%, and then further subjected to
beating in a similar manner to the case of Reference Example 1.
Subsequently, 2.5 g of the beaten fibers, 0.5 g of a nonionic dispersant
NOIGEN EA-87 (manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.,
molecular weight of 10000) as a dispersant, and 500 g of water were
arranged, and then stirred for 30 minutes to obtain a PTT nanofiber
dispersion liquid with a PTT nanofiber content of 0.1 wt.%.

Reference Example 5
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Exanples 29 to 33 and Conparative Exanples 3 and 4 The
nanof i ber di spersion |iquids obtained in Reference
Exanples 1 to 5 in the cases of Exanples 29 to 33
respectively and the ultrafine fiber 20 dispersion-
l'iquids obtained in Reference Exanples 6 and 7 in the
cases of Conparative Exanples 3 and 4 respectively
were diluted to 1/10 with water (fiber content of

il AR S AR e e, B8 5 o
RGBSRt ob NP et BB P Yl reptaced
byb PO BBl BF wa o Bobiiet SR hRop s Bpe (220 C
ol 1555 5 bRST BORIY BRof 155 CoNO AR i Sitdrnp
ToydHGHOE, 2l bRy T Heiid a3 T AP Bt was
g TheR S pofiahs: SOV ity M SO RS o AP g ot o
méRindBteMigERithie of R30CCS hupihh Y timpdratited 6f 280 €C (spinneret

Exanples 1 to 5 were respéctively used. Fig. 11 shows

suriRe Yeafisabi@td 6N21%530) tartf adspihfiacepsid &f pameh/nbigfute in a
structure obtained in Exanple 29 through SEM and it
sitnilafethaitert batthiehesse wér Refeaehse Vileimpldd. Dapnfg bhe smelt
were subjected to a single fiber dispersion to form
spii@ingesé- diskhargt ramowte pezs onel hokes was tsetwher 5ag/minute.
plurality of the nanofibers were partially s connected
Subsefuentlydhermdshinddken ditamucy arre waslssibjecped to diawnmigsnyd heat
in the 10 nesh-like structure were approximately in
treafenendrafea drawin: temperagure of 90 °Cta dvem ratioef 2.7 times, and a
identified that the nanofi bers were al so bonded to the
hepit (Rattingc terppeatuge tofe 180 poir @ rsimilgrnmannerofenthencase of
the other hand, in the cases of Conparative Exanples 3
Refprpnce Bgample he di spersion liquids in Reference
espectively u

Ex les 6 and 7 were _15 sed, | singe )
1 oo, ahenimeopolymer allan liﬁrdf”@ﬁe‘rr%’é’&rﬁfgﬁ’é‘&e?v\éeﬁ sodium
en they were : r egat.ed erj al s conposed 0
hygoRidg GoLioh &t S otk dataes f Hiare DR b dr ol AR Aoh Teraye 99 %
structure not canfiqured. Al the filer
orghergciet Sl Ebitio SR aetiicens thi B pliinet pHfy fiber, and then
neutralized with acetic acid followed by being rinsed and dried, to thereby

obtain a fiber bundle composed of PP nanofibers. As a result of an analysis on

the fiber bundle through a TEM photograph, it turned out that a number

.average diameter of the PP nanofibers was 240 nm, and a fiber ratio having

-a single fiber diameter more than 500 nm was 0 %.

The obtained fiber bundle composed of the PP nanofibers was cut into a
plece with a length of 2 mm to thereby obtain cut fibers of the PP nanofibers.
The obtained cut fibers were éubjected to preliminary beating in a similar
manner to the case of Reference Example 1, to obtain PP nanofibers with a

moisture content of 75 wt.%, and then further subjected fo beafing in a
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Exanpl e 34 20 The porous support used in Exanple 29
was conpletely imersed for 1 mnute in the N6

nanofi ber dispersion liquid obtained in Reference
Exanple' 1 and diluted to 1/100 with water (nanofiber
content of 0.001 w.%, followed by squeezing of
excess nanofi ber dispersion |[iquid attached to the
support by wusing a mangle, and then dried at 60 C for

AP b SRR T S AL ST 20 ¢
PSR SRR b BUBESRC A R LALANGIRNN B
(¥ &'aéﬂr@ﬁﬁ)& ']?eﬁ-if:ﬂf T@o’gﬁfg"@@ﬁ:’aﬁﬂabof‘eﬁfﬂ.l L KSlecdriRE émt of

etween t I'bers catrpri srng the’porols support a

10029) 38 a 8 £ Safl 5603$ MwAer %@e%ﬁ&ﬁ%,% tis 88rred
anof | e sult of

of the n er structu As are

foPBE ShMRE LT Mials FeaRnbiiker #spEfdivh Biquid with 8P Alhofiber -
that there were parts where the nanoflqbers wer e

coftSRSfIet wisa single fiber state to 5 formthe
mesh-1i ke structure, as well as parts where a
pl Relerdncedxaapfgbers were partially connected to
formthe nmesh-like structure. Al so, pore dianeters in
t hdJndeh-thek eorsiitiont thi=t \RBE appl ani Referbycd Etdmple 3 was
range of 60 nmto 1.5 um It was also identified
rephaed thyePRamsefli indtfermrce Bksmphbohdedilier burdde toimposed of PP
conprising the support in a simlar form 10 Exanple
ulpsfinecfidersnwas fobbamedi isparsiimdlar mguingr tetthehcasgsof Reference
obtained in Reference Exanple 1 and added with a 0.1
Exgmple: Bi dkrreresEt pbemnarakysis prether Gbew buadley thpughcs TEM
Kogyo Seiyaku Cq., Ltd.) (nanofiber content of 0.1
phptogpphyald Bameddovhtidatna pymthes avpvaser digmeteryof the PP

ul%ﬂ%@%n&%%@% g%{/eagddilgpépginogr in:gi S:n ggdc ggtr ailn

2. O b ahed e e Sonoed ot thS P PR ES Bhr8 was cut
infgE8rblers &t bt Rerdn L o 1RGERYY BBRR, Sl iseof the PP
wIBRERE ERARED They BPaintl; O, SRR h b Sl did ot pfimuary
be%gi%gﬁlﬁb%:gigg%l} Iéllaihei' '98 tfe PELE opﬁéf&emeﬁ}ﬁaﬁlgfe 1, to obtain PP

ultrafine fibers with a moisture content of 75 wt.%, and then further

subjected to beating in a similar manner to the case of Reference Example 1.
Subsequently, 2.0 g of the beaten fibers, 0.5 g of a nonionic dispersant
NOIGEN EA-87 (manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.,
molecular weight of 10000) as a dispersant, and 500 g of water were
arranged, and then stirred for 30 minutes to obtain a PP ultrafine fiber
dispersion liquid with a PP ultrafine fiber content of 0.1 wt.%.

Reference Example 7

A mutually arranged polymer fiber was spun under the condition that

- PS and PET were used for a sea component and an island component
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di spersed in a single fiber state to formthe
mesh-1ike structure, as well as parts where a
plurality of nanofibers were partially connected to
formthe nesh-like structure. Also, due to the higher
nanofi ber content in the nanofiber dispersion |iquid,
an anount of the nanofibers was |arge, and the 25
nanofi bers were unifornmy | am nated, and therefore

PR GYE B e R B el bt oF 1B bk 1 end

o e SR T G 08 MR Rkt of 20

. D ; ; o
BT B LS A Rty v
Ry B A BB e 8 i
deabiAivard RBsNARWRVENNS 8bEIGIAY tRafndnith WRI ghée Qff Réference

g/ n2.” 500 g of the N6 nanofi ber dispersion |iquid

E:@eﬂhgl& e&d tbntﬂ%%sjf'x edlate B0amplR horeSofdiHIPS chMmpbhéflt in the
with water (nanofiber content of 0.0025 wt.%, which

seWaslaald appe dibdt, tbRowadabe lsdiagt dfABahto@hereby obtain a PET
(manuf actured by Kumagai Ri ki Kogyo Co., Ltd.), and

ulsrafiec fibdr thaintle peithr aeiiergd@mitetet hd PR: ponPhe esbtained PET
fabric, followed by absorbing an excess nanofi ber

uldiafirer fbanbhindle waatcthdhieda tpoedehveithup pexgthveft o, toXhereby
filter paper for qualitative analysis (manufactured

obbgirl oy fikeshiof kKhe INET witrhfine fibdrs.SThe ohtaineycudr fibers were
it at 110 C for 2 mnutes by using the

subjested sorpeeliminary henting i stmilanmaninerttothg cpge of Reference
Kumagai Ri ki Kogyo Co., Ltd.), to_thereby 15 renove, a .

Expmpler Li torobiein BRbnkirafinafihers wihor nyasture coatentet TRswt.%,
aresult of SEM observation of the qptai ned nanof.i ber

angt ither igther, suipeed o PERRRE 1y ACIIHEHOMARECE othe case of

R%Eieif“c%stﬁaa ook %ﬂgs?s@zgagf"%g%z& hh%ieé%é{?ﬁ%%:ﬁﬁ@'%s of a
it. F , ' .

e AR NP OE B b Sbu BRGNS omvo
SEFRR £ LT Eraledaf ehf B 0008n¢ rrBEbERhpkr afi 500 € of
o ey rRRELE, B8R, B 5 o BORIE P & pon
ulf¥sFhhe BBLF ﬂéﬁeﬂ:ﬂo‘:ﬂ Yiquid with a PET ultrafine fiber content of 0.1

wt.%.

Reference Example 8

A 0.1 wt.% N6 nanofiber dispersion liquid was obtained in a similar
manner to the case of Reference Example 1, except that when the N6
nanofiber was stirred with the fiber mixer MX-X103 (manufactured by
Matsushita Electric Industrial Co., Ltd.) shown in Reference Example 1, a
dispersant was not used. A zeta potential of the nanofiber in the dispersion

liquid was —14 mV.

Reference Example 9
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the nmesh-1like structure were approximately in the
range of 50 nmto 1 /.t m It was also identified
that the nanofi bers were al so bonded to the fibers 25
conprising the support in a simlar form Exanples 37
to 41 In Exanple 37, a nanofiber structure was
obtained in a simlar manner 94 to the case of
Exanpl e 29, except that a PET plain weave fabric,

R RS A s R el BB 0 B0  and
S Y b PRI PTG o 10
PEGIRCC SIATEI &) gl i B A Pl i

k i 133 %&é‘rttlﬁgt fg?g’dﬁﬁg QbnBityeH Qu&?\ﬁhﬁg coét;ein% f E0 38 PPS

anments an 0 a 28-gauge circular tting

waRCHD R, %VRRd MP QL. BSreBpRALRYS RUBRGEDy dhlaimapilPmi? alloy
a nanofi ber structure was obtained in a simlar nmanner

chip) Nétel thert GaedgBE-cEXRPPS in®4¥Gablechitatc¥an eAdfreblRed by
paper for qualirtative analysis (nmanufactured by Toyo

a &dsihim ki $2@,udeldd. ) was used as a porous support. In
Exanpl e 40, a nanofi ber structure was obtained in a
si rfidraw: manner t/D ketzase of Exanpl e 29, except that
pol yet hyl ene foam havi ng an apparent 15 density of
0. 033 g/ cnB neasufelnéadingnfection ylengtll | 8aK634% afida ascrew
average foam di ameter of 0.6 nm neasured in conformty
effeotige 18102 was used as a porous support. In Exanple
41, a nanofiber structure was obtained in a simlar
manner to the chbe knesdingpsastivo, wascdetoncruirajedpmyer the
filmwith a thickness of 10 u m 20 was used as a
Wlﬁf@?@gge“éupport. As a result of observation of the
nanof i ber struct,ﬂ_les obtained_ in the above-described

Exanpl es 37 to 41heEmyreof bppkilavseebiones exhi bit ed
Lol hangl i bers et e SALERT, L0 & IEShl LA LA hnd then
separately fed into the kneader.

Temperature: 300 °C.

Vent: None.

The polymer alloy chip obtained in this reference example was led to a
spinning machine similarly to the case of Reference Example 1 and subjected
to spinning. During the spinning, a spinning temperature was 315 °C, and
after a molten polymer alloy was filtered through a metallic nonwoven fabric
having a maximum penetration particle size of 15 1 m, melt spinning was
performed from a spinneret with a spinneret surface temperature of 292 °C.
During the melt spinning, a spinneret, which was provided at an upper part

of its discharge hole with a weighing section having a diameter of 0.3 mm

~and had a discharge hole diameter of 0.6 mm, was used. Also, during the

melt spinning, a discharge amount for a single hole was set to 1.1 g/minute.
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25 Furthernore, as a result of observation of the
mesh-1ike structure, it turned out that there were
parts where the nanofi bers were dispersed in a single
fiber state to formthe nesh-1like structure, as well
as parts where a 95 plurality of nanofibers were
partially connected to formthe nmesh-1ike structure.
It was also identified that the nanofi bers were al so

FLH'?HQEH? a?g.?é}:naﬂ{e E}gﬁl cslliBRr% nd(} %ﬁg@_ﬁﬁné et Qodalsﬁa'}tmg

a sirm _ Ies I'Sper sion
pokﬁt%!ﬂ (ﬁ)oﬁ}%qﬁéé] 7%9{@; g&éﬁ%@%ﬁﬂ nv_gi]n]_l v% | %Jbt?%cg agg ggilg%ﬁeii over

1 @%rmi 8 c%%llwgsalf* 'hla%“hﬁgja tbﬁ:ﬂe/r&{?uf@' et e&ﬂémaaaﬂf PP@Jess oil

content of 0.0 two drops (0.1 g) of

m &y hsﬂlp@s&p Bf ﬁlm acicﬂé‘ét@r VEHE t et woiing thrghgth @Sheated first
steel wire mesh with a wire dianmeter of 33 U mand a

an@esdrot @ik frol?i:&% M & @8td a€N000ahhenRtePEpkthdiingat this
dried at 70 C for 10 m nutes to thereby rapi dIy renove

tirAe & p@vosl A thefumbea oy 9l Bidnlaizebdurio24d heurs continuous
structure. Fig. 12 shows a SEM observation result of a

spinnihgceae zetdh Subsnghebdy, diawingtandheat freatment 42 thamdbund
reveal ed that in nost parts, a plurality of

yanarnwhs perormedeupder the lcyndgipredhoed tempenatmrehef a first hot

- mesh-like structure, 15 although there were parts

rollprewastlf *feand k iempenatvae dof erecerd hohrelley W@$ é30 fCbBuring
state to formthe nmesh-like structure. Al so, por

theljtapaimesns, ithe (drew ratin betwees the dingt anglesesond hot “rollers was

8 S e SIS RO ek Sl
chagactaﬁéﬁfpé‘&@a%@@ dorree 240 néiagne%%%i & Shrength af 4 BN/dtex, an
CLE APPSR TSt o R, L FoEP o hnde: i @her gt TEM
bR ) e e éa@%ﬁé@r@ﬁ%ﬁ%&? epled, B PRS adtstands
cal B Haind g Aot fos® el 00 Nl B BB s onthos d g PET
wiiER 8e LYool pheE S0 4%%%%" ﬁ%‘ﬁ%"%%&l‘% Paiyetent
didRefe RS GRBIShds with i image analysis software WINROOF revealed
that an average diameter of the islands was 65 nm, and the polymer alloy

fiber in which the PPS was dispersed in an ultrafine state was obtained.
The obtained polymer alloy fiber was immersed into a 5 % sodium

hydroxide solution at 98 °C for 2 hours to thereby hydrolyze and remove 99 %

or more of a PET component in the polymer alloy fiber, and then neutralized

~ with acetic acid followed by being rinsed and dried, to thereby obtain a fiber

bundle composed of PPS nanofibers. As a result of an analysis on the fiber
bundle through a TEM photograph, it turned out that a number average

diameter of the PPS nanofibers was 60 nm, which was unprecedentedly fine, |

and a fiber ratio having a single fiber diameter more than 100 nm was 0 %.
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whi ch was obviously different in shape of a dropped
liquid fromthose in the 96 case of spraying,

i mrer si ng, papermaking, or the |ike. Fromthe shape,

it can be considered that rapid drying of it causes a
rapi d concentration of nanofibers in the thickness
direction of the dropped |iquid. Furthernore, Exanple
43 does not involve any dispersant and 5 therefore

l?t%éﬁgf ﬁggf f)ﬁrqdfe c%'initﬁsgﬁ c??' thb IN‘G Hgﬁ?ﬁlﬁ&%?as cut into a

I'On wWhen I'spersion

%TI rec ?H i oh g Hé{ l{] ngr gg{ﬁgﬁ ol %ﬂeresdlygrsé) Ib??llnn ch) eﬁk{ %ﬁé PPS
nﬁﬁﬁ%@?ﬁlﬁ@%ﬁa%e(ﬂéut Qﬁeltsh@efg Qﬁ@econ& J'r:?é gﬁl%‘%r?%eﬁtmg in

Involves a dispersant, 1t can

\Aﬁxﬂﬂfak bﬁfagm‘é@ & @hs pﬁs%e @ Rei@r%hd%g 'E%caﬁﬁﬁl@r 1548t 6btkn PPS

en the dispersion qui d ropped, and then

na3REPRERGFILY 2 FUGERHBLBHA LAY 0FBPHRDS:; S&nd)fhérhfurther subjected to
concentration. It is also considered that the

besfingndar ¥y A801203haRReNep Nhle WUeH FPVRERPSEedUExd@ple 1.
rapid drying, resulting in the shape as shown in Fig.
SubZeqhentlgseri kedf thbebdditsnefiber@) ®bag ofos whniony digpersant
of nanofibers in the 15 nanofiber dispersion liquid
NOIGEN EAesTi epansfaotyredhdynwddantehi i Kpgpé Seiyekiubdlo., Litd.,
di spersion liquid and a support, or the shape of
maletaleiredeighiuiofl HIONO) eas teh alisparshnt,i keds50Q cg uofe wadehewere
control led. Exanples 44 to 46 The nanofi ber dispersion
arrangaddsandt theme gtirnedReber 80 caisttespte obfat a AP 1npnpoiiber
the cases of Exanples 44 to 46 respectively were
digpergioacliqeidivith PR napeftherGoatent ol 1edhattent of 0.01
w. 9%, and then each of the dispersion |iquids was
FRGreN Qe gL EN B IO pd sprayed three tines to a

ot Dﬁ@‘ﬁﬁﬁ%a&fe Bhex fiﬁ%éraawﬁ B0 iR NGy B rtEat of 0.1
I 7000; T.
thﬁ?@”gﬁsﬁl‘éeﬁﬁha il ﬁ%ﬁwo%ﬂéﬁ og%mfiegms aiple 1,
3 .
exBIRic Pl Poriiolenitt S MENS diamolibe ¥ &L Bt dp g, case of
Rege%ﬁﬁql I den#e iqhed e(i géli H in) en(faarégfo'f li%rfgre\{){%é %)ga%ﬁl%dlll n

Examples 29 to 33 and Comparative Examples 3 and 4

The nanofiber dispersion liquids obtained in Reference Examples 1 to 5
in the cases of Examples 29 to 33 respectively and the ultrafine fiber
dispersion liquids obtained in Reference Examples 6 and 7 in the cases of
Comparative Examples 3 and 4 respectively were diluted to 1/10 with water
(fiber content of 0.01 wt.% in each of the dispersion liquids), and then each of
the dispersion liquids was poured into an atomizer, sprayed three times to a
nonwoven fabric, as a porous support, having the same structure as artificial
suede “Ecsaine” (registered trademark of Toray Industries, Inc.) 7000-T,
which is also a PET ultrafine fiber nonwoven fabric, and dried at 40 °C for 30

minutes. As a result of observation of its surface through a SEM photograph,
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j3 thick fibers conprising the porous support and
having dianeters of 7.3 um in each of Exanples 44
to 46. Also, as a result of observation of the
mesh-1i ke structure, it turned out that there were
parts where the nanofibers were dispersed in a single
fiber state to formthe nesh-like structure, as well
as 5 parts where a plurality of the nanofibers were

B LGSO, B Rl e 5, L PUFAER, torm
vPBSEAT o108 PP 3 e o
P B P ARRAE S50k e, AP i i
Ak kSR SR SIS, Lharseay phove

obEXARIR ﬁesﬁ;?t{joiaé? sui‘%lcg%g a&?&@%ﬁ?tsﬁlﬁ&ﬁ?& gbf’%&/ﬁécrim iﬁtExample

conjugate Tiber wt tex was prepare

295 RhPGUdM) ST AA@tict Derredl 306 QRAPONGRL WiRs FRAROGAMRre the
of 100 15 islands, and then drawn by 2.5 tines to

naRhibels ¥ee0 RubgRt&d té Bedinpid fibek aisgéi"sﬁén tdHbEm the mesh-like
conjugate fiber had a strength of 2.8 cNdtex and an

st tdsohiell RENANE ddrrot pliribity?sf the' @stdfibaak were partially
cross-sectional TEM observation the obtained

copnejtadatee fhirhethe irhedhtlikedstrutturbatAlsonpoberdiaymtege in the
di aneter of the 20 N6 parts in the island conponent
mewsliké shmcet@re weragpanckimstelynin the tdwge 6f b20 nwete3 tm. It
performed to obtain conjugate staple fibers (F) with a
waualsendentified Shmtnthe Traoxdibeos| wers alst dondefli trerthe fibers
(F) were subjected to carding and | apping, and
comprifing thespppexdn: dsimedal ©rpunchi ng at a punching
tinmes of 500 25 needles/cn2 tg gbtain a naonwoven

f atfPn cthi ethex hand, Weithatcases sdcComparadseesaarks Brnd 4
whiTBetbe SjReeiem endipie Seferece BREBING Geang 7 wero
re%?gr{:giﬂ% %ggd,géai%&ia I}l%’erg r\]ngerfe uric}thseurfﬁgﬂakr)xjtﬁfca%%egs%dni?fe(yegetween
when they were beaten, aggregated materials composed of fibers were
attached as pills, and the mesh-like structure Was not configured. Also, the
fibers plugged the atomizer and spraying was difficult.

Example 34

The porous support used in Example 29 was completely immersed for 1
minute in the N6 nanofiber dispersion liguid obtained in Reference Example’
1 and diluted to 1/100 with water (nanofiber content of 0.001 wt.%), followed
by squeezing of excess nanofiber dispersion liquid attached to the support by
using a mangle, and then dried at 60 °C for 1 hour to thereby remove a
dispersion medium and obtain a nanofiber structure. As a result of

observation of its surface and inside through SEM photographs, it was

identified that fine nanofibers were spread in a three-dimensional mesh-like
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punching tinmes of 500 needles/cnR2 to obtain a nonwoven
fabric with a unit weight of 500 g/n2 conposed of the
conjugate staple fibers (C). One sheet of the nonwoven
fabric conposed of the conjugate staple 5 fibers (F)
and anot her sheet of the nonwoven fabric conposed of
the conjugate staple fibers (C), both obtained as
above, were stacked, and further subjected to needle
times of 3000 needl es/

fofft JeREeBotfiFhgLOgisn SRBIRIGVER TabrheobanBORttob i baving
GRS Y FomSapSaRr +fR uo e A foture.

RS P B BB P o e
RN P R
R A et L3 i
wé’femﬁﬂ%ll;yo chife&8ARY efbrgrf‘bmec AL ARA Rt eR. ihﬁlso, pore

cont'ent of the polyviny cohol was 20 wt.% wt

difAfREF it thd RRshBE StructfurkhReROBPEMIMARENY 161 the range of 60

Furt hernore, the nonwoven fabric was inpregnated in

nib¥6 1551 Unh OR vods aleelidesiified plRsyBideandfilsad were also bonded to
pol yuret hane so as to contain 30 w.% in terns of 20

thedibets conipeiving the eliyppottihansinmilihforaspect to the
fibers in the nonwoven fabric, and then subjected to

wetExomgld 86i on to thereby obtain a bonding type

nonwoven fabric conposed of the N6 nanofibers and

ul tThé iNe nsdofibbe déspersionulifuick whichhwasmbaained in Reference

nonwoven fabric was buffed, pressed, and then rapid
Examopled Hoandi addedi mithara nfirhewt.Lo thiekners CBL eF-SL

1, to 25 _thereby obtain an abrasive cloth having a
(manyfertured hyckeai-The Kagyesieignky Gy, letdohigamofifer content of 0.1

cgﬁpressive elasticity ratio S, abrashfn resj stance 5
W s WRsicented entprthe poreuyaverat used 13 divarelehabAdden? and

of the. 99 obtained abrasive cloth, and the texturin
thepadnied 24160 chi?rdﬂrw fer thexeby iremiaye 4 dispeppigngmediiin and
ob alanng ln%n%%ber structure. As a result of observation of its surface through
a SEM photograph, it was identified that fine nanofibers were spread in a
mesh-like form between thick fibers comprising the porous support and
having diameters of 7.3 1 m. As a result of observation of the mesh-like
structure, it turned out that there were parts where the nanofibers were
dispersed in a single fiber state to form the mesh-like sfructure, as well as
parts where a plurality of nanofibers were partially connected to form the
mesh-like structure. Also, due to the higher nanofiber content in the
nanofiber dispersion liquid, an amount of the nanofibers was large, and the

nanofibers were uniformly laminated, and therefore pore diameters in the

mesh-like structure were in the range of 50 nm to 80 nm, which were

. relatively small. It was also identified that the nanofibers were also bonded
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By using 40 wt. % poly-L-lactic acid used in Exanple 8
for a sea 5 conponent, a 35 w.% N6 resin for a core
conmponent, and the 25 w.% polyner alloy obtained in
Exanple 8 for a sheath conmponent respectively, an

i sl and- core-sheath type sea-island conjugate fiber
(the nunber of islands are 36) was spun with a
ternary spinning nachine to obtain an undrawn yarn.

tgﬁeﬁpthe undrawn yyarn was drawn by 2.0 tinmes to
0 SPE HPELS SORBRISIRFALE ST 10 with 7.0 dtex. The
co

Lugat Lber had a strength of 2.8 cN dtex and an

percentage of 45 % As a result of a

‘ . LT . . '
CE AT A3 BRI 9 b P LB 1SR e sieced
. ¢ . ,
o g IR R lablihe, Mo nltn bl SRR o RO Sy at
puifehi @Eﬂﬁé 8¥ ‘3@% ?e@dfe% HO8S Shet@R! Shihid %rIS? (fAnwheh Babric
cut ngth o nm e conjugate staple fibers (Q
witR £ uB PR FIR Cbft PUC 8t DR Gf | tBR VS hanofBEr _fdlit'éﬁéi’%on liquid

subj ected to needl e punching at a punching tines o
ob8RPRd inEREfBENGEBxhmpIdtIaivas liRARARWEN40 HEh Gvadet (nanofiber
unit weight of 750 g/n2 20 conposed of the conjugate
cofitéftl 6f 0100e5sw. @), whikls eenie attahgedninatisd Bihare sheytemachine
to the case of Exanple 1, the nonwoven fabric was
(manufacegednby Kimsgai WRikiy RopyoddsolLitdi)pnantl $obfected to
for 1 hour to thereby hydrolyze and renove 99 % or
papermadking optd yles PEr nomwoapem éaxbric,nfollowed diywahsxbirgbanexcess
and then neutralized with acetic acid 25 followed by
napeifibgr dispeesioadi wdiadth clitkdeio, thesiuppont wvith ohd filiggpaper for
provi ded to the nonwoven fabric such that _a solid
queditative enalyses doramifagiuredc diyol Toyas Reghiv Kedshia, n1td.), and

respect to the fibers 100 in the nonwoven fabric.

subgequrathp delediih at ddAvbvior 2 amrikes s upmg dgnigbgtemperature
DMF sol ution of polyester/polyether-base

rob%}lyyﬁa?l@? Haprdaciaed daycgﬁpaaﬁagghgx Kagy (S‘ér Atdgs to thereby
solid ¢gontent of polyurethan with r ect toth

remoyg A dispersien R ELADA QhE R aslaalﬁg%?h@wugweegﬁ&r%%ﬂt of

SEYﬁt obcs%%ggtligrtl Io? ﬁlé gbgalgr% %n%%&aglr gtr%c@&r%\f\?iy 1Prrfe%bcrnl1tcthat fine

" nanofibers were spread in a three-dimensional mesh-like form not only on a

surface of the porous support but also inside of it. Furthermore, as a result of
observation of the mesh-like structure, it turned out that there were parts
where the nanofibers were dispersed in a single fiber state to form the
mesh-like structure, as well as parts where a plurality of nanofibers were
partially connected to form the mesh-like structure. Also, pore diameters in
the mesh-like structure were approximately in the range of 50 nm to 1 £ m.
It was also identified that the nanofibers were also bonded to the fibers
comprising the support in a similar form.

Examples 37 to 41

In Example 37, a nanofiber structure was obtained in a similar manner
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conposed of the NO nanofibers. A surface of the
obt ai ned nonwoven fabric was buffed, pressed, and |
then rapidly cooled down in a simlar manner to the
case of Exanple 1, to (k thereby obtain an abrasive
cloth having a snooth surface. 10 The stress at 10 %
el ongation, conpressive elasticity ratio S, abrasion
resi stance coefficient, surface roughness, and.

i BRR LA ARE A %5y B3 08 BN B v
T 9., Ex 9 15 . |
WO R e BN e ynsfipiR ry SRR AL BB ltegpmd 36

' ' [ f 1:
SR bRERE e hait s Srllmul BB 10 0 1T Beampi & B and

¥ Pe[npﬁké(%?[e 3] ?ﬁg@ﬁﬁﬁéf‘%uhﬁhr@%@é@& g?négg%ba r%r?ﬁiﬂaﬁ? Yhanner

om a sprnnere a Sspl nning spee m nut e,

to 'R ca%@ldfeﬂiﬁﬂﬁwtzg, Bxdl ﬁﬁ‘ﬂvaengT et kestké@TaBbHEHaving a

under a suctiohing condition 20 by using an ejector.

sthddthNhitled @PAMSIrR! REESS Wil kit REMOEhP 188 DERCy¥AS having
set to 0.1 MPa. A conjugate fiber nonwoven fabric

83 Aktate 86 fila:dbndOana/a080 a 28044 \a%t @ftv08r KhettiiRE machine, was
conveyer was tenporarily set at room-tenperature by a

usedlsendporousesppaet.hod. Al so, the conjugate staple
fibers (C) used in Exanple 3 were 25 independently

suldnelEx g pleo38,0d dangfibewlstrappiregyasolstained hen similar manner
subjected to needle punching at a punching tinmes of )
to30R omwedbf Fxan@pleo20heredps tittaNe. £ filtemvpaear fabgiglitative
with a unit weight of 250 g/ n2 conposed of the
anedygis daeaufadured dpi Foyo Resbi E)ishonbtdhaws vsed pe a porous
conj ugate fiber nonwoven fabric and another sheet of
suppertaonwoven fabric conposed of the conjugate staple
fibers (O, both obtained as above, were_ stacked, and
t hdm Brdimpladd cunanpiber sirugturegyas pltagned gne similegpanner
at 10 MPa, bac rface(the surface toyched a,net
toéiﬂﬁ\?@%PFEWlf%gﬁi %%qepgggafafi&mﬁwg%ve G33R tRayiRg gpapparent
20, MPg, ack surfacge. at MPa, w ter jet
de&aﬁwaf@rﬁg gl PSR L3, codREmERe S5 Regg!Hnd ah Gverage
foam diameter of 0.6 mm measured in conformity to JIS K6402 was used asa
porous support.

In Exampl'e 41, a nanofiber structure was obtained in a similar manner
to the case of Example 29, except that a PET film with a thickness of 10 #m
was used as a porous support.

As a result of observation of the nanofiber structures obtained in the
above-described Examples 37 to 41, any of the structures exhibited that
nanofibers were spread in a mesh-like form in pore parts of the porous
supports.

Furthermore, as a result of observation of the mesh-like structure, it

turned out that there were parts where the nanofibers were dispersed in a

- single fiber state to form the mesh-like structure, as well as parts where a

95



10

15

20

25

densi fied. Subsequently, in a simlar manner to the
case of Exanple 1, the 10 nonwoven fabric was
imersed into 5 % sodi um hydroxi de solution at 95 C
for 1 hour to thereby hydrolyze and renove 99 % or
nore of a polyester conponent in the nonwoven fabric,
and then neutralized with acetic acid followed by
being rinsed and dried. As a result of a

PR, S L] LB SV o bl RETRRAC o mocti
L M5 A A oS RO
e L EN R

fi befSnplds 405ngqawoven fabric. 20 Furthernore, the
oven fabric was i npregnated in DVF sol ution of

no
polpiestBE) Rl IfRAd PSR 1R ORVMFSARA IR a2Pp1RS 11 R the case of

contain w.%i1n ternms of solid content of

ERhiler £} 6RIERMrBnéCERERID1E 8 1hBelchBE bSERAMPIE 43 was diluted
nonwoven fabric, and thén subjected to wet

to CIPBQ Wtk meitet OndMEiivRyeopbé 6f @0RORENNYand th® d@pedeang) of
fabric conposed of the N6 nanofibers and the ultrafine

thalailwZed fdiserrsionAliguid weee phit oheéo stiialeredstoelnwineetesh with a
fabric was buffed, pressed, and then rapidly cool ed

witgenameter ef 88 | Am mmdnemesh démsicasé 386 Exasfiheh, fpllowed by
102 thereby obtain an abrasive cloth having a snooth

bemg flaied. atTihe °6t foesd atinttetoethmrghy ivepidlyoremessa vaspersion
elasticity ratio_S, abrasion resistance coefficient,

medipim aad obigiman N6 aadosher sizucthmedness of the
obt ai ned abrasive cloth, and texturipg results of a
harligdildishows asSEMs pbeprvation regplteoba surtagst ¢ff the nanofiber
Applicability The nanaofi ber f the present invention.

StRehRre 4n aﬁxwiw@d@mdea@‘gﬁa?@fg&bahaﬁdmro%maét%r@ urality of

[ i ch. have

hi gh- perf or mance, apbr asi ve cl oth, t. been .
e S SGEIGRFY U (PR ber Fipsbaliks Stggcture,

al&%tuaghnﬁ{jére were parts where the nanofibers were dispersed in a single

=

fiber state to form the mesh-like structure. Also, pore diameters in the
mesh-like structure were approximately in the range of 100 nm to 1.5 ¢ m.

On the other hand, Fig. 13 shows a SEM observation result of a surface
of the nanofiber structure in Example 43, and revealed that bundle parts in
which a plurality of nanofibers were aggregated were layered, onto which
nanofiber single fibers were dispersed to form a mesh-like structure. Also,
pore diameters in the mesh-like structure were approximately in the range
of 50 nm to 0.8 1 m, which were smaller in comparison with the case of
Example 42. |

Due to low wettability with wire mesh in Example 42 or 43, the
dropped nanofiber dispersion liquid had a shape close to a hemisphere,

which was obviously different in shape of a dropped liquid from those in the
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10 Al so, the nethod for producing a nanofi ber
structure according to the present invention is
appl i cable to the production of any nanofi ber
structure conprised by conjugating the nanofibers
with a support, and particularly preferable to
abrasing, w ping and polishing applications using the
surface snoothness, flexibility, and w ping

bility of th fiber st Lt e 15 al .
caf o apaBi b JuiHE PR O IPYY Pl dBp dibe, a1l Ghae. i

caff B BP et bt TRRFL BisRERL6F SR o, el fdgPEntration of
n%iﬁq‘ﬁb%?% 1r? Elge ?ﬂlﬁl%gréggs (ﬁrg(}t%qg ?f i (Tltolplpelﬂghﬂ.ﬁélgn re, not

y applications,
r . f4iab i catl i.ncludi
DaT PRt BDGR P ocP ULl oG i it gians, ans
thePdBid Of cah! Wtdo%ﬁgij'l'e%frﬂ?a{t’ ¢ 15@SBlofibers started
applications. 103 W wma) omoXx mci cq FH

ag%‘eéj&t?t?xg v%lﬁr.']@ﬂ &@ﬁ‘iégeﬁioﬂé%dbﬁ_vﬁb BpPed #ndthen C¥nfgtessed
simply in the thickness direction due to rapid drying, resulting in the shape
as shown in Fig. 13. On the other hand, Example 42 involves a dispersant, it
can be considered that the nanofibers were dispersed in a single fiber state
when the dispersion liquid was dropped, and then secondarily aggregated in
a process of the concentration. It is also considered that the secondary
aggregation was not much developed due to rapid drying, resulting in the
shape as shown in Fig. 12,

As described, the dispersion state or drying rate of nanofibers in the
nanofiber dispersion liquid due to the dispersant, the wettability of nanofiber
dispersion liquid and a support, or the shape of attached liquid enables the
mesh-like structure to be controlled.

Examples 44 to 46

The nanofiber dispersion liquids obtained in Reference Examples 9 to
11 in the cases of Examples 44 to 46 respectively were diluted to 1/10 with
water (nanofiber content of 0.01 wt.%), and then each of the dispersion
liquids was poured into an atomizer, sprayed three times to a nonwoven
fabric, as a porous support, having the same structure as artificial suede
“Ecsaine” (registered trademark of Toray Industries, Inc.) 7000-T, which is
also a PET ultrafine fiber nonwoven fabric, and dried at 40 °C for 30 minutes.

As a result of observation of its surface through a SEM photograph, it

was identified that fine nanofibers were spread in a mesh-like form between
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thick fibers comprising the porous support and having diameters of 7.3 fm,
in each of Examples 44 to 46. Also, as a result of observation of the mesh-like
structure, it turned out that there were parts where the nanofibers were
dispersed in a single fiber state to form the mesh-like structure, as well as
parts where a plurality of the nanofibers were partially connected to form
the mesh-like structure. Also, pore diameters in the mesh-like structure
were approximately in the range of 100 nm to 3 zm. It was also identified
that the nanofibers were also bonded to the fibers comprising the support in
a similar form.

Example 47

With the use of 60 wt.% poly-L-lactic acid used in Example 8 for a sea
component and the 40 wt.% polymer alloy obtained in‘ Example 8 for an
island component respectively, a conjugate fiber with 8.0 dtex was prepared
by melt spinning such that the island component was composed of 100
islands, and then drawn by 2.5 times to obtain a conjugate fiber with 3.2
dtex.

This conjugate fiber had a strength of 2.8 ¢cN/dtex and an elongation
percentage of 40 %. As a result of a cross-sectional TEM observation the
obtained conjugate fiber, it turned out that a number average diameter of the
N6 parts in the island component was 56 nm. Crimping and cutting of the
fiber were performed to obtain conjugate staple fibers (F) with a cut length of
51 mm.

These conjugate staple fibers (F) were subjected to carding and lapping,

and further subjected to needle punching at a punching times of 500

 needles/cm? to obtain a nonwoven fabric with a unit weight of 500 g/m?

composed of the conjugate staple fibers (F).

Also, the conjugate staple fibers (C) used in Example 3 were subjected
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to carding and lapping, and further subjected to needle punchihg at a
punching times of 500 needles/cm? to obtain a nonwoven fabric with a unit
weight of 500 g/m2 composed of the conjugate staple fibers (C).

One sheet of the nonwoven fabric composed of the conjugate staple
fibers (F) and another sheet of the nonwoven fabric composed of the
conjugate staple fibers (C), both cbtained as abo_ve, were stacked, and further
subjected to needle punching at a pﬁnching times of 3000 needles/m? to
obtain a bonding type nonwoven fabric composed of the conjugate staple
fibers (F) and the conjugate staple fibers (C).

Subsequently, in a similar manner to the case of Example 1, this
nonwoven fabric was immersed into 5 % sodium hydroxide solution at 95 °C
for 1 hour to thereby hydrolyze and remove 99 % or more of a polyester
component in the nonwoven fabric, and then neutralized with acetic acid
followed by being rinsed and dried.

Then, polyvinyl alcohol was provided to the nonwoven fabric such that
a solid content of the polyvinyl alcohol was 20 wt.% with respect to the fibers
in the nonwoven fabric.

Furthermore, the nonwoven fabric was impregnated in DMF solution of
polyester/polyether-based polyurethane so as to contain 30 wt.% in terms of
solid content of polyurethane with respect to the fibers in the nonwoven
fabric, and then subjected to wet coagulation to thereby obtain a bonding
type nonwoven fabric composed of the N6 nanofibers and ultrafine N6 fibers.

A surface of the obtained nonwoven fabric was buffed, pressed, .and
then rapidly cooled down in a similar manner to the case of Example 1, to
thereby obtain an abrasive cloth having a smooth surface.

The stress at 10 % elongation, compressive elasticity ratio S, abrasion

resistance coefficient, surface roughness, and surface hardness of the
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obtained abrasive cloth, and the texturing results of a hard disk are as listed

} | co Cl1 mO ca co G
cl

in Table 9.

Eﬁample 48

By using 40 wt.% poly-L-lactic acid used in Example 8 for a sea
component, a 35 wt.% N6 resin for a core component, and the 25 wt.%
polymer alloy obtained in Example 8 for a sheath component respectively, an
island-core-sheath type sea-island conjugate fiber (the number of islands are
36) was spun with a ternary spinning machine to obtain an undrawn yarn. |
Then, the undrawn yarn was drawn by 2.0 times to produce a conjugate fiber
with 7.0 dtex.

The conjugate fiber had a strength of 2.8 ¢N/dtex and an elongation
percentage of 45 %. As a result of a cross-sectional TEM observation of the
obtained conjugate fiber, it turned out that a number average diameter of the
N6 parts in the sheath component was 56 nm. Crimping and cutting of the
fiber were performed to obtain conjugate staple fibers (G) with a cut length of
51 mm.

The conjugate staple fibers (G) were subjected to carding and lapping,
and further subjected to needle punching at a punching times of 3500
needles/cm? to obtain a nonwoven fabric with a unit weight of 750 g/m?
composed of the conjugate staple fibers (G).

Subsequently, in a similar manner to the case of Example 1, the
nonwoven fabric was immersed into 5 % sodium hydroxide solution at 95 °C
for 1 hour to thereby hydrolyze and remove 99 % or more of a polyester
component in the nonwoven fabric, and then neutralized with acetic acid
followed by being rinsed and dried.

Then, polyvinyl alcohol was provided to the nonwoven fabric such that

~ a solid content of the polyvinyl alcohol was 20 wt.% with respect to the fibers

100



10

15

20

25

o O bAOpmot S 'rj 41t Vr4 FU f ~w w cd
MN1~ Ft J~1VwC O U3C o00C O L 0WO
o' z wouz oC i)

in the nonwoven fabric.

Furthermore, the nonwoven fabric was impregnated in DMF solution of
polyester/polyether-based polyurethane so aé to contain 30 wt.% in terms of
solid content of polyurethan with respect to the fibers in the nonwoven fabric, .
and then subjected to wet coagulation to thereby obtain a nonwoven fabric
composed of the N6 nanofibers.

A surface of the obtained nonwoven fabric was buffed, pressed, and
then rapidly cooled down in a similar manner to the case of Example 1, to
thereby obtain an abrasive cloth having a smooth surface.

The stress at 10 % elongation, compressive elasticity ratio S, abrasion
resistance coefficient, surface roughness, and surface hardness of the
obtained abrasive cloth, and the texturing results of a hard disk are as listed
in Table 9.

Example 49

A hollow annular petalous 24-division splittable conjugate fiber (single
fiber fineness of 2.4 dtex, and conjugate ratio of 1:1) composed of poly-L-lactic
acid used in Example 8 and the polymer alloy obtained in Example 8 was
spun out from a spinneret at a spinning speed of 2900 m/minute, and
collected onto a net conveyer (collection sheet) under a suctioning condition
by using an ejector. During the above processing, an ejector pressure was set
to 0.1 MPa. A conjugate fiber nonwoven fabric (unit weight of 300 g/m2)
collected on the net conveyer was temporarily set at room temperature by a
calender press method.

Also, the conjugate staple fibers (C) used in Example 3 were
independently subjected to carding and lapping, and further subjected to
needle punching at a punching times of 300 needles/cm? to thereby obtain a

nonwoven fabric with a unit weight of 250 g/m2 composed of the conjugate
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staple fibers (o)

One sheet of the conjugate fiber nonwoven fabric and another sheet of
the monwoven fabric composed of the conjugate staple fibers (C), both
obtained as above, wére stacked, and then punched four times, 1e., on its
front surface at 10 MPa, back surface(the surface touched a net conveyer
when collecting) at 10 MPa, front surface at 20 MPa, and back surface at 20
MPa, with a water jet punch (WJP), to be thereby bonded as well as
densified.

Subsequently, in a similar manner to the case of Example 1, the
nonwoven fabric was immersed into 5 % sodium hydroxide solution at 95 °C
for 1 hour to thereby hydrolyze and remove 99 % or more of a polyester
component in the nonwoven fabric, and then neﬁtralized with acetic acid
followed by being rinsed and dried.

As a result of a cross-sectional TEM observation of the nonwoven fabric,
it turned out that a number average diameter in the N6 parts in the sheath
component was 56 nm.

Then, polyvinyl alcohol was provided to the nonwoven fabric such that
a solid content of the polyvinyl alcohol was 20 wt.% with respect to the fibers
in the nonwoven fabric.

Furthermore, the nonwoven fabric was impregnated in DMF solution of
polyester/polyether-based polyurethane so as to contain 30 wt.% in terms of
solid content of polyurethane with respect to the fibers in the nonwoven
fabric, and then subjected to wet coagulation to thereby obtain a bonding
type nonwoven fabric composed of the N6 nanofibers and the ultrafine N6
fibers.

A surface of the obtained nonwoven fabric was buffed, pressed, and

then rapidly cooled down in a similar manner to the case of Example 1, to
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thereby obtain an abrasive cloth having a smooth surface.

The stress at 10 % elongation, compressive elasticity ratio S, abrasion
resistance coefficient, surféce roughness, and surfacé hardness of the
obtained abrasive cloth, and texturing results of a hard disk are as listed in
Table 9.

Industrial Applicability

The nanofibers of the present invention enables an unprecedentedly
good-hand fabric and a high-performance abrasive cloth, which have not
been able to be seen with ordinary ultrafine fibers, to be obtained.

Also, the method for producing a nanofiber structure according to the
present invention is applicable to.the production of any nanofiber structure
comprised by conjugating the nanofibers with a support, and particularly
preferable to abrasing, wiping and polishing applications using the surface
smoothness, flexibility, and wiping capability of the nanofiber structure. It is
also preferable to the production of filters in the range from daily life
material applications to various industrial fields, and of nanofiber filters for
medical use such as a blood filter. Further'more, not only td the filter
applications, it is also preferable to general fiber applications including daily
life material applications such as apparel, interior, automotive interior, and

cosmetic applications.
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Fineness ratio’ A fineness ratio of fibers each of which a single fiber fineness falls within the range of 1 x 108 to 1 x

dtex.
Range: One example of a fineness ratio of fibers each of which a diameter falls within a width of 30 nm.
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5 of fineness ratios of single fiber finenesses in the

range of 1 x 10-8 to 4 x 10-4 dtex of 60 % or

nor e,

wherein stress at 10 % el ongation in a | ongitudina

@irection 15

An abr asi ve ¢
havi ng at | eq
t her nopl asti ¢

I The range o
| oth conprising
st in 10 its p

polynqg the n

rbhar 1 NN
C IIUCI

f 5to 200 Ncmw dth. 2.
a sheet-like materi a

at nanofi bers nmade of a
aﬁoflbers having a nunber

hvet-age—sthghe
it ex and t he
1inenesses in

sum ofmﬁlnenes
t he raﬁge of 1

sTof 1 x 10-8 to 2 x 10-4
i

S-fatios of single fiber.
3 10-8 to 2 x 10.4 dtex

of—60—9tor—m
a | ongi tudi ng
200 NN cm wi dt

', VVIIUI CI 11 bl.l
| direction is
h. 3. e abras

e§s at 10 % elongation in
i the 15 range of 5 to
iue cloth according to

cfaim L or 2,
in a single f
pf 30 nmin

wherein 50 % 0
i ber fineness r
a singleg fiber

r—nore .,of the nanofi bers
agio fHlls within a width
dpanmetgr difference. 4.

P5 7. The abr
claine 1 to 6
conpressive e

asi ve cloth acc

Lasticify of t

The abrasive jcl ot h atcordi ng €o a one of clainms 1 to
8, wherein the 20 sheet-likle=material is nade of a
nonwoven fabrjic. 5. The abrasBve cEoth according to
any one of cliainms 1 to 3, mheEeinTEhe sheet-1i ke
material is nade of & woven f-gbr i ci 6. The abrasive
ciothaccordijng to any one ojf.=cl ai 1to 3, wherein
the sheet-lijke material is |n&de QEBa knitted fabric.

afdi ngSt o any one of

. where®n a ra‘tcﬁo S ﬁetvveen a val ue of
h ,

efsheeg- 11 ke materi al

under a | oad
D.5 kg/cnR ig

of 0.1 kg/cnR
4.0 or |ess.

dnﬁ th&g

under a | oad of
126 8. wThe abrasive cloth

according to lany onegof claiing 1 t'y 7, wherein an

hbr asi on resijst ance Toeffi cilet of@the sheet-1i ke
mterial is 50 ng or_|ess. 9.iaThe &brasi ve cloth
accordi ng to jany onet~of claipg 1 t8 8, wherein a

$ hep sheBt-1ike material is
100 ,u in or |l ess. 10. Thel| gbrasEve cl oth according
tQ any one of] cl ai Lto 9, whergfn a surface

nér dness val ye of tfhe%sheet-|Hke material is 20 or

Tor e.
o
(wp]
4
0 i
= .
o
)
o 2 o
o g 8|28 8 5 .9
5, 85288588 g%
[a6] 3]
53 a8z a3% 8 es
©
Z
o
3 g 2
=2 Pt
o, E =

‘Fineness ratio: A fineness ratio of fibers each of whi
Range: One example of a fineness ratio of fibers each S

dtex.
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11. The abrasive cloth according to any one of clains
1 to 10, wherein the sheet-like material has at | east
on its one surface a napped surface conposed of the
nanofi bers. 10 12. The abrasive cloth according to any
one of clains 1 to 11, wherein [ the sheet-I|ike
material is fornmed in such a way that nanofibers are

| am nated on a support. 13. The abrasive cloth

according to claim 12, i t hi ckness of the
nanofi ber | am nated Iaymgga% or less of a

t hi . : hi [ . :
| AP 3Er e PR il SRS TRRA lind by tpgt
. S - 0y .

o e A e e A e S
mﬁﬁbéﬁ’%éx‘éﬁ'sﬁ%ﬂ@ Ter fipencbB@fabE a9isus £L AR AeGAUMH ik sum
to claim I4, wherein the polymeric 20 elastoner is _
of FRIeNEESTH@ACof dibold ABeR BndnbysGhahl I‘%ﬁ%@ lo#tiing 108 to 4 x 10+
claim14 or 15, wherein a content of the polyneric
dt@kaﬁsglwf)rbﬁorbp the range of 20 to 60 w.% of a fiber
wei ght of the sheet-like material. 17. A nmethod for

pr oghieieiy sérela el 10084 ehingationr @ a \MWegicudinal dirsetioheis in the
25 dispersion liquid in which nanofibers having a

'rangméﬁtamﬂdg&nﬂhzidﬂt.er of 1 to 500 nmand made of a

t hernopl astic polymer are dispersed in a dispersion

med. ym abrasiveacloth compaisapposheet dike mhterialnizaving at least in
_dispersion liquid is renoved. 127 18. The nethod for
itgpaod usinefibarsh arestel ¢fer thanmanlastic pelyonets tlee nanefibgys having a

17, wherein the nanofibers made of the thernpplastijc
nysebgevernge single fihaydinenass ofd ®ilitdoet x d0*1dtes gapbthe sum
‘nm 19. The nethod for producing a_nanofi b%r strgécture "
of fixepess rfievoksiagly fiben fingpesses myfbedange widrwdO%te 2 x 10
att é&& he nanofi ber dispersion liquid to the
dt%ﬁg /0 OF RYRanof i ber di spersion liquid is sprayed

o Ao, SLLICES, Lo Lo SPRYLt 2 TR ELRON o e
range of 5 to 200 N/ém width.

3. The abrasive cloth according to claim 1 or 2, wherein 50 % or more of
the nanofibers in a single fiber fineness ratio falls within a width of 30 nm in
a single fiber diameter difference.

4. The abrasive cloth according to any one of claims 1 to 3, wherein the
sheet-like material is made of a nonwoven fabric.

5. The abrasive cloth according to any one of claims 1 to 3, wherein the
sheet-like material is made of a woven fabric.

6. The abrasive cloth according to any one of claims 1 to 3, wherein the
sheet-like material is made of a knitted fabric.

7. The abrasive cloth according to any one of claims 1 to 6, wherein a
ratio S between a value of compressive elasticity of the sheet-like material

under a load of 0.1 kg/cm? and that under a load of 0.5 kg/cm2 is 4.0 or less.
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17 or 18, wherein in order to attach the nanofi ber

di spersion liquid to the 10 support, the support is

i mrersed into the nanofiber dispersion liquid to be

t hereby attached with the nanofiber dispersion |iquid.
21. The nethod for producing a nanofiber structure
according to claim 17 or 18, wherein in order to
attach the nanofiber di spersion liquid to the

R L ity s
R AL BEGF U B P g Pl
Uy 8y SRARCHA g QAL D o BARAIL B 5, i

erern nano avi ng erag

sﬂf%ﬁl@ hﬁgss]vélﬁe%qqg@ Eh@@ﬁjgﬁ@%at%ha@ is tlg@f Mlo"i"%ésc

are dlsperse I'n a di spersion nediumto

th f:
& %@%ﬁ%s?@%gfrﬁt ABNih % %&Wéﬂ QRirhk AUi9, *BErein a

t hen i sper sl |qU|d is subjected to

s&%%rﬁﬁlahegs Yhhip GF theQHebt- ﬁk@%@té‘ilaili@ RO'dr @dré base.
24. The nmethod for producing a nanofi ber structure

accpr. Arg abfasiiy cRR abf:ofdl_ﬂ%ff'é ahf e 3Bcladhey Bitd 1@, wherein
concentration of the nanofibers contained in the

theaglddtdie dhpReiadiloas lat dehst iof it drfe susfage ®indpp@dOdurface
to 1 w.% 25 25. The nethod for produci ng a nanofi ber

copiposetl wf ehasaanfilbegs.t 0 any one of claims 17 to 23,
wherein a concentration of the nanofibers contained in
t helhdhld abeasive shghsicenrdinguiocanys one of kkaimengdoofl, Wherem
0.001 to 0.1 w.% 128 26. The nethod for producin

theasbéétobike smatetial asafomet]l ng suchng weye tbat cham eﬁ' are
to 25, wherein a concentration of a dispersant

lapwinatdcheri aiswppole nanof i ber di spersion |iquid i s in
the range of 0.00001 to 20 w.% .27. The netho
pr oéﬁ}cThﬁgabT%a%ﬁlpﬂéﬁC%qrdmm%laﬁ@c . diheyeina kl@ss of the
one_of clajnms 17 to 25, mherel nce tion qf

DA GHOR s FRInGaR aiRen P70t fo ORclieh (Beh HHERRPS 6h the whole
liquid is in . the range of 0.0001 to 5 w.% 28. The

Sbf?’@? materiploduci ng a nanof i ber structure according

2 wh h . .
on eﬂ‘ %ﬂq QEF%EEY% &th}loqﬁec{ra o) gétrt(gelﬂ)ny 88 ;;? ?Hlﬂlbss gjf%% aﬂf %vsﬁerem
thgsglghggﬁl ]gk %Pag{a]glggt @%% tn a asnﬁa%ré' ndllas pﬁ{es.’r%gf,’ 89 tRe space is

impregnated with a polymeric elastomer.

15. The abrasive cloth according to claim 14, wherein the polymeric
elastomer is polyurethane.

16. The abrasive cloth according to claim 14 or 15, wherein a content of
the polymeric elastomer is in the range of 20 to 60 wt.% of a fiber weight of
the sheet-like material. |

17. A method for producing a nanofiber structure, wherein a nanofiber
dispersion liquid in which nanofibers having a number average diameter of 1
to 500 nm and made of a thermoplastic polymer are dispersed in a dispersion

medium is attached to a support, and then the dispersion liquid is removed.
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29. The nethod for producing a nanofiber structure
according to claim { 28, wherein a zeta potential of
the nanofiber falls within the range of -5 to +5 nV,
and the dispersant is the nonionic dispersant. 30. The
ermul si on according to claim 28, wherein a zeta
potential of the 15 nanofiber is not |ess than -100
nv and | ess than -5 nV, and the dispersant is the

R e
L tent] fi +5. '
bR iR, 040 SRk e
nlfrﬁbéfgkéérraﬂle%ﬁ%[%%&of ?o %go nie method for producing a

nano Structure according to any one of clains 26

to f’%éTlY@ fle8hBd ?0%%%&1%&% 8}’)%%@%9%1;{'1&&11% SIRES SRR tb Slaim

in range o 33. The nethod for

170;)9%9 B RO E-HOEE) kiR HEnIRETHE AfspeesiBAVliq@ideto the
of ¢l 0 32 wh e

clainms 17 to erein a fiber ratio of sing

sufp&)teﬁi_f, She AHRIRY diBpdriton Eﬁui@i@@ﬁg@ﬁ At thédebygttached to

withi'n a dianmeter range nore than 500 nm and not nore
thehappdri.t mis 3 %or less. 34. The nethod for
produci ng a nanofiber structure according to any 129
one2®mfTled aigthod foit praxBiciig ar eamofiee sSsep@are acsording to claim
conposed of at |east one structure selected fromthe
1hopds, edngeit imgrdér to motashytre hahofiber digpersion ligumdeto the
fabric, a knitted fabric, and foam 130
support, the support is immersed into the nanofiber dispersion liquid to be
thereby attached with the nanofiber dispersion hquid.

21. The method for producing a nanofiber structure according to claim
17 or 18, wherein in order to attach the nanofiber dispersion liquid to the
support, the nanofiber dispersion liquid is coated on the support.

22. The method for producing a nanofiber structure according to any
one of claims 17 to 21, wherein a porous support is used as the support.

23. A method for producing a nanofiber structure, wherein nanofibers
having a number average diameter of 1 to 500 nm and made of a
thermoplastic polymer are dispersed in a dispersion medium to thereby
prepare a nanofiber dispersion liquid, and then the nanofiber dispersion
liquid is subjected to papermaking with a use of a porous support as a base.

24. The method for producing a nanofiber structure according to any
one of claims 17 to 23, wherein a concentration of the nanofibers contained in
the nanofiber dispersion liquid is in the range of 0.0001 to 1 wt.%.

25. The method for producing a nanofiber structure according to any

one of claims 17 to 23, wherein a concentration of the nanofibers contained in

the nanofiber dispersion liquid is in the range of 0.001 to 0.1 wt.%.
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26. The method for producing a nanofiber structure according to any
one of claims 17 to 25, wherein a concentration of a dispersant contained in
the nanofiber dispersion liquid is in the range of 0.00001 to 20 wt.%.

27. The method for producing a nanofiber structure according to any
one of claims 17 to 25, wherein a concentration of a dispersant contained in
the nanofiber dispersion liquid is in the range of 0.0001 to 5 wt.%.

28. The method for producing a nanofiber st.ructure according to claim
26 or 27, wherein the dispersant is at least one type selected from the group
consisting of a nonionic dispersant, an anionic dispersant, and a cationic
dispersant,

29. The method for producing a nanofiber structure according to claim
28, wherein a zeta potential of the nanofiber falls within the range of -5 to
+5 mV, and the dispersant is the nonionic dispersant.

30. The emulsion according to claim 28, wherein a zeta potential of the
nanofiber is not less than —100 mV and less than —5 mV, and the dispersant
1s the anionic dispersant.

31. The method for producing a nanofiber structure according to claim
28, wherein a zeta potential of the nanofiber exceeds +5 mV and is not more
than 100 mV, and the dispersant is the cationic dispersant.

32. The method for producing a nanofiber structure according to any
one of claims 26 to 31, wherein a molecular weight of the dispersant is in the
range of 1000 to 50000. |

33. The method for producing a nanofiber structure according to any
one of claims 17 to 32, wherein a fiber ratio of single fibers contained in the
nanofibers and falling within a diameter range more than 500 nm and not
more than 1 £ m is 3 % or less.

34. The method for producing a nanofiber structure according to any
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one of claims 17 to 33, wherein the suppoft is composed of at least one
structure selected from the group consisting of a nonwoven fabric, paper, a

woven fabric, a knitted fabrie, and foam.
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