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ABRASIVE CLOTH AND METHOD FOR PRODUCING NANOFIBER
STRUCTURE Technical Field The present invention relates to an abrasive
cloth, and more 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 thereby produce a magnetic recording
medium. The present invention also relates to a method for producing a
ABJART SUYBAE AN AERETS PO BT I IR RN G TR ER
Background Art In recent years, a magnetic recording medium such as a
STRagMEldisk has been requiring increases in capacity and recording
density due to remarkable technical innovation; hence an increase in
Teqghoetsibiieldurface processing of various substrates has also been
required. 15 Along with the increases in capacity and recording density of

receRf yBERSCREpHETRG HORYcEH 388 IR di SOBABI R 4Hdric AB4, more

i.e., the,floating height of the .magnetic head, has been becamin .
PO e RO T AThaEAEHE I R R gins of o

suls@YeRs anniadhbheiwern RRmieripnrRiddieMegnelafigaddderdad layer
head crash if there is 20 the projection on the surface ot the magnetic

to thelcetesplitondpire scratohestonrdberdisiganddoamAlso, even with a minute

projection that does not cause the head crash, the contact with the _
mathéti@ﬁ%&a%%@’éw&réﬂ%ﬁa%@ﬁﬂ% Wurihgmetded dea wisdyene a

Inf ion. Furth h ic head | hti IGKi ith
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BabRINGHRAteth As means for preventing the close contact between the
recording disk and the magnetic head, surface processing referred to as
texiuriregém tvireirs 1 aninagem stie aksardi foymedi untheusii face af fimetic disk
recording disk has been performed. The texturing enables a coercive

hasofeeen Z9846FHNSy HiEBeAsAS 1n capacity and recording density due to

remarkable technical innovation; hence an increase in precision in surface
processing of various substrates has also been required.

Along with the increases in capacity and recording density of recent
years, a spacing between a recording disk and a magnetic head, i.e., the
floating 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 projection 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
18 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 increased by controlling the
orientation of crystal growth at the time of formation of a metal magnetic 5
layer onto the disk substrate. As a texturing method, a method such as
slurry polishing in which slurry composed of abrasive grains is attached
onto the surface of an abrasive cloth and polishing is performed with the
cloth, has been used. However, in the case of texturing, it can be said
mifiAbnavinase allerie:Lq relishindshenld be raduced anda A dek peen
surface currently having an average surface roughness o m or more
pex¥femdberiEhersmeniheddplayderck age! RRdPGieasedBRENERGection,
density due to the recent rapid increase in recording capacity (a target
1.e. avidragessurfiog rdeghitgssisths dmkotdeds). iBordhirbdsorothierolling the
attainment of fibers further made finely thinner 15 has been desired for the

origntation Qb TSERoREAREPatatB Yt AR der RVl thangibrdsipagnetic

cloth that. utili a current sea-island type conjugate fiber spinning
1ay{3§cﬂrﬁ¥6 ?)tgh)f3 h&a%egaslﬁl%ﬁg]f%%r? of a single fiber fineness of 0.01 dtex

(equivalepi:ia.e HamRIer o, 1A ok 40ereTaee 138 oL BRdIA s IR ich

level that can respond to the above-described needs (Patent 20 Literature
slubyyAtsomaasethed fabobtamingramsltiafingtachwdventi@brle maddafe of an

polymer blend fibers has been described (Patent Literature 2); however, a
abrgspie mheitnigarksdobskinu 1y rerfororedgveithetiasy sleRbidavibasaensed.

f 0.3 um) at the finest level. which has nat also. fficient level
HORaY 18 25abRe (bt 4 hE B be BRsbi et AU RUHAEFRore e the

poldiasivexiati with,a single flber fingaessAtR-Idiexer RelPWUSMEaving an

polymer blend fibers has been disclosed (Patent Literature 3), and the
avditegaturerfiacaten g nescriied that @ single fiflendidebe 5200830 dtdéxd in
(equivalent to a diameter of 0.2 u m) can be obtained, which is certainly
ordghrdfmagsta el AR SeiNEn s65OFHRBVERTIEHAS tiso Heddshaaagnk thepid
obtained single,fiber finentes? o{the qcltrafine arns gescribed in Paten
¢ ¥ ta

incm@@gt&}ergq rgé%ﬁjgwl arget average suriace roughness 1s S nm

or less). For this reason, the attainment of fibers further made finely thinner
has been desired for the abrasive cloth for polishing a hard disk surface.

However, the abrasive cloth that utilizes a current sea-island type
conjugate fiber spinning technology has a limitation of a single fiber fineness
of 0.01 dtex (equivalent to a diameter of 1 £ m), and therefore has not 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 1 m) at the finest level, which has not also been a sufficient level that is
able to respond to the ahove-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



10

15

20

25

5 dispersion of an island polymer in the polymer blend fibers, and since, in
a polymer blend system used in Patent Literature 3, the dispersion of the
island polymer is not sufficiently carried out, a single fiber fineness of
0.0003 dtex (equivalent to a diameter of 0.2 tt m) and that of 0.004 dtex
(equivalent to a diameter of 0.6 /t m) are mixed, resulting in a large
variation of a single 10 fiber fineness in obtained ultrafine yarns. In

ae SO ne.gask wherednex At aeddos W abovsideparbed.surace .
abrasive cloth for 2 hard 5|s]k, abrasive grains cannotbe unlf%rm?y carried

of orethe abrasivenelafhtdigel® thavileior V@nainiyn diReRase 88%: single fiber
consequently there has arisen the problem that smoothness of the

finenrface Hotwevearditidkis ratber deducdddl hveathehitdtasra feclinglegyiber
for making the fibers comprising a nonwoven fabric finely thinner, an

fingpessadpthaivgthalne da e demsyibadetidin fené dateyaiarze. Jissdecided by
. technology in.which is dissolved i | te_solutjon and .
o A A B S M o A SR m o

poly2iiape,af:5gveral dhousands Lo mhirhn theusands s ImPesseqddOoii8on of the

polymer solution, and then fibers are made finely thinner by thé
isliighpsesch et abtheuffibiorai schiicadelawadinechefidingfanshexpad D003
ofg%s jet. Using this technology may enable a single fiber fineness of the
dtegripieradentdes @@@Wn?gd)a‘zsi st tharhefd) 8Pdcdienn(esngvalent

) to be pravided, 25.which is 1/100 or-less in fi 1/10 or less j
to B R o SRR Bl A DI R B

fibdy RRVRSLINAL AAD PR aSkRieaer tlﬁa%?stq?metﬁ%li ROHHY 2RIORANME ey

such as collagen, or a 3 water-soluble polymer; however, a thermoplastic
arepalyabrforayize dissalwbekdrilaedorgaficsohtanisiodetben fsocashaddyisk,

the electrospinning. However, as has been described in the literature
abragiResiaib, ceoumese roofrmiyoraied: exdhaurbrapiseinld bhdvart the

ultrafine yarn parfs are conne ted 5 therebetween by beads, (diameter of,

largh oY BKiHALE B 5B R th P BUIT AT RGBS A FRATRPCERR P ghde
thdPSIRRIRE a5 0eeMA A9 the hard disk is rather reduced.

Meanwhile, as a technology for making the fibers comprising a
nonwoven fabric finely thinner, an electrospinning has been attracting
attention in recent years .

This is a technology in which a polymer 1s dissolved in an electrolyte
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 tens 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 nonwoven fabric in terms of an
ultrafine fiber nonwoven fabric. For this reason, an attempt to suppress
generation of beads to thereby uniform a fiber diameter has been made;
10 however, the variation has still been large (Nonpatent literature 2).
Also, a nonwoven fabric obtained by the electrospinning is provided by
evaporation of a solvent in the process of fiberization, and therefore a
resultis?

ib te i t orientati | ystallized i {
e S e A e T P R R B ipalved
in 27 WHich haveihern ¢aHs iR A 13rgedupifation {3 AR1BPRIRRIARinge. However,

development. In addition, the electrospinning itself has had a big problem

as dsad Preducidgsoribthibdn. ehdhére heebedroprablemsdhatia sizesy 41999)”
resulting nonwoven fabric is as small as approximately 100 cm2, and
(Nenpatenvilyiteratmust)seteimgs it e nbuafine wooneisrbly lwaected

o oA SR R R o o
' in the ai ; ]
R

vakaewn (Ratemn titeralse helare speaifigaliviiisds mpracedureityhioh an
a beating technique for pulp is 25 applied to cuprammonium rayon to
ultizdtebyfipertnoavarege didmsteFof fibsysrdesamioapprthamatelio290ppress

300 nm, and. then the fined fibers are arranged in a mesh-like formonan _
ECRAFATE 1P RGO RIS B 4 ApEE S B & BApRRRAIGRY made

ho%e\}%oﬁ‘icﬁx"e'%?}’ﬂi’o?% fs@e'ﬁgﬁs&ﬁ;qgggetangan&%%fggpxamm?"v

esta ed is intended for only ce has not been possible to

fine\lasyathetio pobimabsuchbias peiNesiertar apen-eayniotsidipmsided by
of 200 to 5 300 nm by beating. This has been because cellulose is

evaigiatidncoiposedvetiimioroftril prmesgatels vhersadibie, synthetiterefore a
polymer does not have such a clear fibril structure and therefare the

respiebifieg Bes AGEESRRE fsrifaioRTih PHRRALSHEH Jrdititorn PR cases
ank Ig%éaélgrrgrf'g% Slg”gﬁ% 3NN ORIR that of a conventional nonwoven fabric,

which have been causing a large limitation to an application development. In
addition, the electrospinning itself has had a big problem as a producing
method, i.e., there have been problems that a size of a resulting nonwoven
fabric is as small as approximately 100 cm?2, and productivity is at most
several grams per hour that is considerably lower than that of conventional
melt spinning. There have further been problems that a high voltage is
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 technigue 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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inducing acetic acid bacteria to produce cellulose and then configuring a
10 structure in which cellulose nanofibers are arranged in a mesh-like
form on an ultrafine fiber nonwoven fabric made of polyester. Industrial
utilization of the method has been difficult, however, since the productivity
of this method is too low. Meanwhile, cellulose fibers as described above
have had the problem of 15 their essentially having poor dimensional
stability due to the presence of water or moisture. Therefore nanofibers

pdﬁ%ﬁ‘]@%@%%ﬁﬂﬂ%ﬁ@%%@ﬁmﬁg good dimensional stability have been

reqyired. Also, cellulose, fibrils obtained by tpjr%bco ventignal beatin .
o i L BEE R A RO Rl nonanty

estibFRUsE R0 ARMHORY RIS dAMEHRES, AR heRIABHRENCBEINEELMNG fine
than cellulose fibrillation has been required. Furthermore, also in order to

a sgohtrelithpadiemicalindsistgndee thermanyesistdowe, tffihityliaitheaer of 200 to
support, and the like of ultrafine fibers forming into a mesh-like structure,

30Q miehbp ot Bt dghAs W@@hb%‘éﬁ%éﬁﬁélﬁé%%ﬁﬁﬁb@é’&gy composed of

. nanofibers made of a synthesis polymer that has a wide variety. of types
R NS A F L R SR B 28 Sen

cleAHADMERLRIHRRESAR PENGISISRY {RABe RtIRRIRR o WRIR b RGP tion but

limitations on the shape or polymer used in the production, can be widely
pulsppliedand develchBdoaxhbittargmbliteariation id diegleifiber dinenadges for
and have an extremely small single fiber diameter, has been required. 5

indasingnasride e ristanardpraresiipplispihiyondsarduiieniandiguring a

fibers comprisi ari abrasive cl be finer in diameter and thehsﬂﬁetibe
struciure m 1clt cellulosé nano hers are arranced in a mesh-hike form on
SOtter; the pofishing rate achieved using such a cfoth, however, is

an SAHSIAAN AR SIS AL R0 B 1B 5 HBF L0 OR TR AWFliGIE Nt ilization of

polishing rate, a procedure in which the tension applied to the abrasive
thectadthioding 4 ® petishiffgid tsdidvigherhenebyt kalanding canjast Hewverthod
the abrasive cloth _
is too low.

Meanwhile, cellulose fibers as described above have had the problem of
their essentially having poor dimensional stability due to the presence of
water or moisture. Therefore nanofibers made of a synthetic polymer having
good dimensional stability have been required.

Also, cellulose fibrils obtained by the conventional beating technique
cannot be produced with uniform fiber diameters, which i1s 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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and the polishing target has commonly be used. However, setting the
tension higher causes problems such as reduced stability during
processing and elongation of the abrasive cloth sheet. This in turn may
lead to other problems including the occurrence of defects such as
scratches on the surface 15 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:

naﬂgﬁhaesevﬂaténwmx@w&mdt@ubn@amrﬂxﬁa.slgw@zazghaw PrRAn the
B eI L SR
sin%%é)%;%gg;fég%%%y ?UHQV% Hﬁeé%{@xﬁ%h? %ﬁ'ﬂﬁ@iﬁéﬁ@"ﬁ@&l«o%}@%}en

pamphlet Nonpatent Literature 1: Polymer, vol. 40, 458

had 3229 Dlorpatent Literature 2: Science, vol. 285, 2113 (1993) 6
Disclosure of Invention An object of the present invention is to provide a
novdkabiasivd atdih preafimgiexcottept otishing shiaracténstiegbyred that the
suppressing_elongation of the cloth duripng polishing by using

b RSGBRERE AR GTIEIS FEVTRT & DA iR &F A AHO Snglechish sheet be

soitcigﬁ n%%%esﬁ(%s?%ig%%gé%gEeObjaec%igtf%% m&%%t .HWC?;Q“ icigﬁ?ff?roﬂgj{i%a?}er, 18

novel met cing a nanofiber strutture, which a hano

corHHSENEin SRMIYIRIRE Nanedtherns Madmodal hetmopltasticspelwnaltipalishing

are readily arranged on a support in a desired mesh-like form, can be _
ratproslyoeded Ore Drdehiolsdive thesbovapplobie fosthiscairesemeinleiitidwring
comprises the following canfigurations. (1) An abLasive cloth comprising

polighiggike seaiughandhagehyisadiancing contact between the abrasive cloth

and the polishing target has commonly be used. However, setting the tension
higher causes problems such as reduced stability during processing and
elongation of the abrasive cloth sheet. This in turn may lead 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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its part nanofibers made of a thermoplastic polymer, the nanofibers having
a number average single fiber fineness of 1 x 10-8 to 4 x 10-4 dtex in
which the 15 sum of fineness ratios of single fiber finenesses in the range
of 1 x 10-8 to 4 x 10-4 dtex is 60 % or more, wherein the stress at 10 %
elongation in a longitudinal direction is in the range of 5 to 200 N/cm
width. (2) An abrasive cloth comprising a sheet-like material having at
least in its part nanofibers made of a thermoplastic polymer, the

Digednafilbess haxingio20 a number average single fiber fineness of 1 x 10-8
to 2 x 10*4 dtex in which the sum of fineness ratios of single fiber

finéresbiecinoththangessnt Xmo-stism i %M@Yé@(ﬁs&‘&(%%méve cloth
by et S BT
c1oﬁxgg¢<%r§é§ gééﬁéh%{{g@n éQn{%O&n%;‘wéM&ﬁw ,23B8fReES IR ASIRge small

S rat within 30 nm in a single fiber diameter difference.

vardhitheiaknasive fleth flesadbeskin any one of the above (1) to (3), 7
wherein the sheet-like material is made of a nonwoven fabric. (5) The

abrskive siuthhdeschired infatlyeomaaseae Bbmriianes(3p wirila thenovel
sheet-like material is made tg{ga woven fabri%. (% TQE abrasins.ryf cloth '
megaed BE PG oRE SHARGTHRTN ETHITITS) 2B WhESRIA MRRAT REucture,
material is mada of itted fabyi i d [ i :
o BRI HRRIRES SRS 4 L i EAE YR AT PRAL IR Jeacily
arreQIPPIESS NG BIARIAINN0L esishbealrtike-adedahindel Bdqaddhébd.
kg/cm2 and that under a load of 0.5 kg/cm2 is 4.0 or less. 10 (8) The
abiasivaleioto deberiltbd imbany omehdtthe, dbevertiset () yamtireinanprises
abrasion resistance coefficient of the sheet-like material is 50 mg or less.
the doHonsing sanfietibitiaBScribed in any one of the above (1) to (8),

WhEIPI0 2 3HHace [QUenneasANEPl e ahe Al e DRt A9 T 8¢ in
its part nanofibers made of a thermoplastic polymer, the nanofibers having a
number average single fiber fineness of 1 x 108 to 4 x 104 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, wherein the stress at 10 % elongation in a
loﬁgitudinal 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 ofra 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 10%to 2 x
104 dtex is 60 % or more, wherein the stress at 10 % elongation in a
longitudinal direction is in the range of 5 to 200 N/em 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 nmin a
single fiber diameter difference.

(4) The abrasive cloth described in any one of the above (1) to (3),
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15 less. (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 20 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
wheuppothd KeFhéi hbnasivercidtts desdebdtinomavapendib2icwherein a
thickness 25 of the nanofiber laminated layer is 70 % or. less,of a

thiéRhdEkeopibeaginglclaHealan@ Redeial 3% R dhibgyahagm (1 to (3),
described in a ne of the.above (1) to (13), 8 whergin the sheet-like
WD AR TNAIAR eroBr An o ke e

3 ; . .
ereof, and the space Is impregnated with a

pobuneric.elasiomer. (I)n e ahsasiyeinlofh descaingdindhaabeverfld. (3),

wherein the polymeric elastomer is polyurethane. 5 (16) The abrasive

‘whelathdescrhest in Haenabpea(l4) pradspfuhlerdtted fzdntent of the

polymeric elastomer is in the range of 20 to 60 wt.% of a fiber weiggwtlof
thel 3h&dikebmastisitakoth) Acsraahed fén paguery alnErpmisvaritiure, (6,

wherein_ a nanofiber dispersion liquid,in which nanofibers haying.a
ARt AT o PR G 0 F5 A0 i SPTITRERE o8 (PRSI ogfcthe

ymer ag dispernpii 2 fisnesziommasium isaftachedinRSUPRAR of 0.5
Sh%%g%%en%ﬁ% ?égeersion liquid is removed. (18) The method for producing
kgRmangfiberstigsiure described in the above (17), wherein the nanofibers

made of the thermoplastic polymer have a number average diameter of 1

to 28D Fine HheaejvEhelatbidrstathndducingn aaAckbaherakaye (1) to (7),
whigsn oo theasen g ce coetiotont of e HREL S REIEADS l is 50 me
or less. |

(9) The abrasiv.e cloth described in any one of the above (1) to (8),
wherein a surface roughness value of the sheet-like material 1s 100 £ m or
less.

(10) The abrasive cloth described in any one of the above (1) to (9),
wherein a sﬁrface 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 éheet'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 described 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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to the support, the nanofiber dispersion liquid is sprayed to be thereby

attached. (20) The method for producing a nanofiber structure described

in the 20 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
whosnefitles dispardibn gatdriz8 fothe sposoringidnshefidd; dispeisfoppace is
~liquid is coated on the support, (22) The method for producing a nanofiber
imprrgtate HBSERIFERAVEIRFIE A& MReEbove (17) to (21), wherein a porous

Suppeyt issised as he sippert 9.23) 4 metia 9 piadysing anANgHRet:.

ers naving a number average diameter o

po1§999pm_aaggmg@ gfﬁolgt@fémgg@@pic polymer are dispersed in a

dispersion medium to thereby prepare a nanofiber dispersion liquid, and
then ¢henhangliberidisphrdiodGticbiedssujecidbdte papemaling witlemin a
use of a porous support as a base. (24) The method for producin

a

comignbiifdhstpcumedisselastomneniy 1o ttrsnthe 19)68 @@% of a fiber
wherejn a cqncengration of the, nanofibers contained in the nanofiber

Weiﬁgﬁ&iﬁ}? I%t%t?éﬁ?tw@%%’of 0.0001 to 1 wt. %. 10 (25) The method
fm@@%ﬁ&&ﬂoﬁ%ﬂﬁfﬁéﬁ%e@ﬁmgﬂé&aeyufazaﬁféﬂﬁ@laoxsﬁmer
to , Wherein a concentration of the nanofibers contained in the

dispansiiben disaarsiamiiduithisdfitbes aagenef H AQinted Avevhye @6)iEher of 1
method for producing a nanofiber structure described in any 15 one of the

to abowex(E)denas), eiitctbiTaienHsi RADINSTAIR PETRaRE EdM AT aRRTsion
GRS Beon e S LSO G0V CT
(18) The method for producing a nanofiber structure described in the
above (17), wherein the nanofibers made of the thermoplastic polymer have a
number average diameter of 1 to 200 nm.
(19) 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 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 hquid
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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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
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 25 cationic dispersant. (29) The method for producing a
nanofiber structure described in the above (28), wherein a zeta potential

of the)nanafibes dafis- witbiuitia gange nb ik rSsteud Y, wheitbim nanofibers
dispersant is the nonionic dispersant. (30) The method for producing a

haviagofiben stnietredestgibedipnisseabefe 128p WhBramia 2ol perdttiapf a
of the_nanofiber is not less than -100, mV an

1%‘iless than -5mY, and th b
thegpagRlaahG M BB AE HiSHEREERT 5 (31T THERREHIY f%}?g}}%m;c'ﬂg%m y
rehanofiber strugture described Inyihe. abover (2L WWeRLeIN.2 4817 PAIRkion
Prepaiite faRoR m\} hd 12

er éxceeds + and IS not more than 100 mV, and the

liq RS sapIdst e atiapis AisRensantt (33) Hacmehad far apgueing a base.

nanofiber structure described in any one of the above (26) to (31),

wh@eirThealechtal Weightdithie gispessaitier 10t ahereadgecobpd0omteny

50000. (33) The method for producing a nanofiber structure described i?
oneasf Hhee 8 m@a@&)eta%)‘aéi@&we% PREERIAYV QhdiReiggotibers

ontained in, the nangfibers.and falling within.a dj ter.r I
corgBPR e ol TS et Ch i o5 Ha ot s TR o 1
wtgfoducing a nanofiber structure described in any one of the above (17) to

33), wherein the support is composed of at least one structure selected

frota sheTtko upethndiingpobduring v e falfiie psipectarw desnridiedcim any
knitted fabric, and foam. Effect of the invention 20 According.to the

ongrefdheinvestion,14) 4Bradie ASPIRMRIRy EReRFRtion of the nanofibers

contained in the nanofiber dispersion liquid is in the range of 0.001 to 0.1
wt.%.

(26) 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 0.00001 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 nonionié 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
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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 25 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 capabilities with high
raductivit without any,occurrence of problems in the process of
-5 e e R e R Choroarah
showing a cross-section of a nylon nanofiber, 5 which is one example of a
r@RORBEITINE freBBRfiTR AHBERE SHE U HRBHEBH AP ARG .
whereiorasgisentigntaf afpolymenfitieyisfimgnesethin Exomnple dndigsstisa gEanh
and thngEtééFgégnt%Vtﬂg%%)&i@ cﬁié]gllggj;ﬁer fineness among nanofibers in
E [ rap

xample 1. 10 Fig. 41s a h illustrating a variation in single fiber
fineness among napofibers,in Example 1. Eig. 5 is a graph illustrating a
BT B GESHST R TeRLEE B R i AT rF R the
abovE @8RG heFldn 615 rgrapRliislialing 2 valialiendp sindleqlbes TRAGSS i
among 15 ultra micro fibers in Comparative Example 1. Fig. 7 is a
not Hiagy ANk lUDMiTY ashichingisprehinetuserthin exaomitedishig:8ns.a
diagram illustrating a spinneret used in the examples. Fig. 9 is a diagram

il abhg mathathfpmacahcizedimarofthermgisschoFidesaribed in any
diagram illustratin inning machine ysed.in Comparative Example 1. .
one QAR FONS LA S S RAE &SRO R TASBE P diFpaRgant is

in the range of 1000 to 50000.

(88) The method for producing a nanofiber structure described in any
one of the above (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 nanefiber 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 fabric, 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 elongatioﬁ during
polish_ing by using unprecédented nanofibers having a small variation in
single ﬁEer fineness.

Also, according to a method for producing a nanofiber structure of the
present invention, nanofibers méde of a melt-spinnable thermoplastic
polymer can readily be arrangea-in a.desired mesh-like form on a support,

enabling the pi‘oducf;ion of a panofiber structure comprising intended

11
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of a nanofiber structure in Example 29. Fig. 12 is a photograph showing a

SEM observation result of a surface 25 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. 12 Explanations of

numerals 1: hopper, 2: melting section, 3: spinning block, 5 4: spinning

pack, 5: spinneret, 6: chimney, 7:yarn, 8: collecting/oiling guide, 10 9:

first take-up roller, 10: second take-up roller, 11: wound yarn, 12:
capmbibitieg sectiohigls naiedneriys ik fefgihout any feensigRM®dM problems
. diameter, 15; undtawn yarn, 16: feed roller, 17: first hot roller, 18: second
n ﬂ%ﬁ?&ﬂ’@?,ﬁ@ﬁ@??ﬁi?ﬁ fer (room temperature), 20: drawn yarn, 21:

B”ité%;%_y"s.%glwﬁt&(tr%ﬁiﬁeﬁﬁgr 22: chip weighing device. Best Mode for

Fig. 1is a TEM photograph showing a cross-section of a nylon nanofiber,
which is one example of a nanofiber of the present invention.

Fig. 2 is a TEM photograph showing a cross-section of a polymer alloy
fiber used in Example 1.

Fig. 8 is a graph illustrating a variation in single fiber fineness among
nanofibers in Example 1.

Fig. 4 isa 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.

Tig. 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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25 An abrasive cloth of the present invention and a method for producing
a nanofiber structure of the present invention will hereinafter be described
in more detail; however, prior to the description, definitions of the term 13
"nanofiber" to be used for descriptions of both inventions will be explained.
Although nanofibers themselves have almost no difference between both
inventions, they are defined as having a slightly different meaning
therebetween in the present invention. 5 In other words, when "an
Exjdeentimmefdmabrasile cloth” is described herein, a concept of the
__nanofiber refers to a fiber having a single fiber diameter of 1 to 250 nm (in
1 hpaRetse of a nylon 6 fiber (hereinafter sometimes referred to as N6), 1 x
9: I%Oeig 1t10 6S é(c’}i%ifl dtex). However, when "an invention of a method for
pro ugng a nanofiber 10 structure" is described herein, a concept of the
3: fanaiiRenyefers to a fiber having a single fiber diameter of 1 to 1000 nm
g(ii&iu m). The difference between the two definitions is associated with a
4: qyomhimd etidr, or not nanofibers that have a single fiber diameter more
than 250 nm and less than 1000 nm are included in a parent population
5° spHeRetehs single fiber fineness of a nanofiber” or "a single fiber diameter
o: cg.a nanofiber" is calculated as the average value of measurement values
"G f‘%‘fﬁfple fibers in the description of each invention. That is, in the case
7 ﬁﬂﬂle invention of an abrasive cloth”, they are not included whereas in
the case of "the invention of a method for producing a nanofiber
8: attletire?/diieyzagaid®, included. In any of the present inventions, a
rimarily common assumption is that the concept of the nanofiber is
9t gé%”e?ﬂﬂéﬁylﬁ é@ﬂé?al term of a fiber having a single fiber diameter of 1 to
1000 n %{u_m ; hﬂ/vever, in the case of "the invention of an abrasive
101:?8@9?@% teiiFal fedture as the abrasive 25 cloth can be clarified by a
llwriai%msed on the average value obtained by using fibers each
having a single fiber diameter of 1 to 250 nm (in the case of
12: metering section,

13: discharge hole length,

14: discharge hole diameter,

15! undrawn yarn,

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 producing 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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N6, 1 x 10-8 to 6 x 10 4 dtex) as a parent population in order to perform

good 14 texturing with higher precision, rather than by a discussion based

on the average value obtained by using fibers including those each

having a diameter more than 250 nm and less than 1000 nm. On the

other hand, since in the case of "the invention of a method for 5

producing a nanofiber structure”, the structure is not limited to specified

applications or fields the technology is not necessarily based on such a
“nafivefilsimg leofibe uaisinfete i et ia teokmichbfsdtuiny eatipath oy behdagifielained.

by the discussion based on the average value obtai by using fibers
Althenhn g anelbeacheRyie e tidnste AMHE HM éls%%ﬁﬁ?aﬁo%r%@%%’anboth

. 1000 nm. However,in.either cas reisn iff ' -
m"\%‘r(%.%%%savjéggﬁe Bflraﬁugsquﬁél%is%ﬁ%uﬁt%%gl gf t%e%lgo | eréﬁqr?ten (l-:-g:j E%/eamng
thehShRreRRN {RvanigRe hatweaenthgdsase where the fibers each having a
diameter more than 250 nm and less than 1000 nm are included and that
whEiteottheyr avemibst imdiedeth THevensomisthmat, abcastmgclotthe sressaribed
invention, the fibers each 15 having a single fiber diameter range of 1 to
herssn.nt eencptugtiRpoBrmEteanaedsas: Bt fodrReRIRMRIEe Figs, fiber

. SO that t ar, opulatign is_mostly oceupi such fibers. On the ..
R a3 L SV (e QB on e e LA TR s
reffitshEEEbUemeNt ofthe)akiasiveclath@fdhe present 20 invention is that

the abrasive cloth comprises a sheet-like material having in its part
nakbfivers: that e rfmde ot erttiormaoblastic foddrier ancbfaveg aumbpediber
average single fiber fineness of 1 x 10-8 to 4 x 10-4 dtex in which the Su%]ber

strofimeness resesibedimaeBerfifeReRReontie PARRIBET Xofor8 {9 £
ha A R SR T e

& hanotiber ‘refers iber having a diameter
ranging emrd el BORBA LB h AWRKRH RESifiGaly ARELAIQFRth a point

preferably, a fiber having an average single 15
whether or not nanofibers that have a single fiber diameter more than 250

" nm and less than 1000 nm are included in a parent population when “a

single fiber fineness of a nanofiber” or “a single fiber diameter of a nanofiber”
is caleulated as the average value of measurement values for multiple fibers
in the description of each invention. That is, in the 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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fiber diameter of 1 to 250 nm (in the case of N6, 1 x 10-8 to 4 x 10-4 dtex)

is used as the nanofiber. Morphologically, it is a general term for all

including single fibers completely dispersed, single fibers partially

bonded, and aggregates (such as 5 bundles) in which a plurality of single

fibers are aggregated, and a fiber length and a cross-sectional shape of

each of them are not limited. In the present invention, the average value

and variation of the single fiber finenesses are important. These can be
texspine Bt BighaT R atitiast seiisik omdy aodireussior hpaticam the

cross section of a sheet-|like material.{abrasive, clath ntainin .
AV ARSHIILTE SRS TR P B o I oS baving o
AiahEM): 9F &-2GaINEEBIGCH AL N IQSERRs (Pblhand diameters of 50 or

more single fibers randomly sampled are measured, to thereby measure
at leastntaltibietFasidgla fibeidiaretars: Af thisctimeefibers efiehihbthod for
having a diameter exceeding 250 nm are removed, and only those each

prafhvibez alinmeedibet 2BUuHEA theheastrothyionis, 6ok 1omig@xipaspecified
specific gravi 1.14 g/cm3) less, i.e., in th f 1to 25

Ry K B BRI RS R PR LB e

sin chﬂpeelr Sdi%%%'ﬁ'%%@% %QS&HI 'Té%tﬁ(@ Qgﬁ JJPREIIEE clarified bg the

ross-section, a 20 cross-sectional area of a single fiber is first measure
diseaddie dsaadd definhd as«aagreaadha olgmssbyingihat iers including
cross-section takes a form of the circle. Calculating a diameter from the
thereazdablstteaiigtter aiaradlerndbe shrnsdlerrdavardgel ane

of sipgle fiber finenesses is oﬁéained as follows, First, single fiber
diaM BT Hre B EGTARS ohedB AP é%iﬂ‘%@?ﬁﬂ‘i‘fnﬁ‘a%%ﬁ&%i?ﬁemge

vaﬂl%%ﬁhp@g&mfa?ggo ff'%ﬁé’&qg}ﬁ}ﬁ!’:?e'&% &%@ﬂ%@(szﬁ}tq;ﬁg‘i)p@@erﬁg%mentm

Integer. The single Tiber finenesses are calculated froim the single fiber

heSHaBRERS @Rd & ERnplehavEhege o4éhama isfgundidfnthie prasesttidn 250 nm
invention, this is referred to as "a number average single fiber fineness".

an® s seblaampld 00 avrase seclioted phulddvaipiv bethd henmafisanrstisndwded.

shown in ) . ) .
The reason is that, according to the present invention, the fibers each

having a single fiber diameter range of 1 to 250 nm can be usually obtained
and most of fibers fall within the range, so that the parent population is
mostly occupied by such fibers.

On the assumption of the above, the description 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'* diex in which the
sum of fineness ratios of single fiber finenesses in the range of 1 x 108 to 4 x
104 dtex 1s 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 4« m);

however, specifically and more preferably, a fiber having an average single
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Fig. 1. In Fig. 1, a measuring scale of 100 nm is also shown, and it turns

out that single fiber diameters of almost all the fibers are 100 nm or

below. 5 It is important for the abrasive cloth of the present invention that

the number average single fiber fineness of the nanofibers is in the range

of 1 x 10-8 to 4 x 10'4 dtex (in the case of nylon 6 (a specific gravity of

1.14 g/cm3), equivalent to a single fiber diameter of 1 to 200 nm). This is

as fine as 1/10 to 1/1000 in a single fiber diameter in comparison with an
fibehisiveettot LD tecthitadibiithéheoneentdiibsdasisiaittydercdRitighes) is

fiber spinning, and can lead to an abrasive cloth having a texture
“S%%ig}%@%"i’l‘?g’r%ﬁ'from that of the conventional abrasive cloth or an

absgRSIRiieApINg Saotiness Ctalerfulisiiioa (HIRe! IRIRYathers

in comparisofi with'the conve |onala abrasive cloth. The number average
cormpdiefibaidinaness ismyriembi amihllp Koki8doahd hgA chaxdin#heh as

case of nylon 6 (a specific gravity of 1.14 g/cm3), equivalent to a single
bufilbrsdiametdrich latp kbt Hiy), ahcia ghefllahly foen dggregagad, 1and0a4fiber

dtex (in the case of nylon 6 (a specific gravity of 1.14 g/cm3), equivalent
length gngie fiserarssisedrlriaga 6b Ak %ﬁ’ﬁm@ﬁﬁ@@-}ﬂwe mO0.8

x 10-5.t0 6 x 10-5 dtex (in.the case of nylon 6 {a spedcif ity O 1314 inol

50 i Pt e Ah e SREGAL AN AR SRRR I BMBR I sinete

fih¥arationesingle fikgllieeress among the nanofibers comprising the
abrasive cloth of the present invention is evaluated as follows. That is, let

a shigtedibexfinbaesbtafiradh oy the rfancfipersadn therebragivenctethpoents a
dti, and the sum of them be a total fineness (dtl + dt2 + + dtn). Also, 25

PIOEEQUERCY RO EFPSt RaRDABer! BatharkiAie anatrealngibasive cloth)

fineness is counted, and then let a product of them_ diyide .the. tota
coRRIRIE A RARHEELSads oP e myeo RO L LSRRI lectron

mifrdstR grEasion (velumamagienef sactosingle tHEMINgRESB ameters of

component to all the nanofibers contained in the abrasive cloth, and a
50singlefiber filepkssibermpoaadbhayingearalgdr fraetioneaaeetalkes thereby

larger contribution to characteristics of the nanofiber abrasive cloth,
measure at least total of 150 single fiber diameters. At this time, fibers each
having a diameter exceeding 250 nm are removed, and only those each
having a diameter of 250 nm (in the case of nylon 6, 6 x 104 dtex (at a specific
gravity of 1.14 glem®) or less, i.e., in the range from 1 to 250 nm, are
rahdomly sampled to be measured. Also, 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 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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5 In addition, in the present invention, such variation in single fiber
fineness among the 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
procedure in which a cross section of a sheet-like material (abrasive cloth)
10 containing nanofibers at least in its part is observed through a
transmission electron microscope (TEM) or a scanning electron
inveticioacahes(SEMpard winglé fimendizem etees addiftingdn Siiser§ oenaese. One
that are randomly sampled are measured, tq thereby measure at le

ta .
exapaiof50 ngfesrsEORARBRISI R, Hhe RI0eHRPRRESRAK) ghown in
. ohtain it as an N number. 15 similar above-descri case
Fis i o a0 S GHE STloglo Rl i SLhct I e prddg=ns out

thaDLEREANAILIS impRItantdhatAh X onmene eiibestatal TineRassraligdalls
within"the range of 1 x 10-8 to 4 x 10-4 dtex (in the case of nylon 6 (a

specific grpdit of (Ll 4 gheraByagquivaleth tof a bingbe:fibet thameten2Oheftlthe
to 200 nm). In other words, it means that the number of nanofibers each
nuhdengadhiascsa slerbhpnfincpessrfieinasafipesul 18 sprarsraf 1 x

o Band LR e st s b SRESR SO s iom)

improved

eqﬁ%ﬁ%iéa%t% %' s 101 LENENIgIIN £aFTiFA QBIEGDSH AN aBivR: oMk dwe sa1/10 to

remar ow 25 variation in fineness, resulting in enabling the
1/19000iAnassafAchdrbediski asufane ta hesigaificentyithbrevechbrasive cloth
Preferably, 60 % or more of the total fineness ratio falls within the range

prafiucsd bB the sonvengiendiretrsichvadfyrs wppegsiberieRIRnd
1.14 g/cm3), equivalent to,a.single fiber diameter of 1 to 1 m re
ey e S TR P TR T, O TR SO PRI B e g hat
- . _ : " . et
o e S e AR e
of thesaseieflnyioné fashesifimgiavidofil ding/amd)neqtivalént torwentional

single fiber diameter of 1 to 80 nm). Still further preferably, 75 % or more

abodsive cloth. The number average single fiber fineness’is preferably from 1
x 108 to 2 x 1074 dtex (in the case of nylon 6 (a specific gravity of 1.14 g/em?),
equivalent to a single fiber diameter of 1 to 150 nm), more preferably from 1
% 108 to 1 x 1074 dtex (in the case of nylon 6 (a specific gravity of 1.14 g/cm3),
equivalent to a single fiber diameter of 1 to 100 nm), and further preferably
from 0.8 x 10'5 to 6 x 105 dtex (in the case of nylon 6 (a specific gravity of 1.14
g/cm3), 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 (dt) + dtz + -+ + dtn). 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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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/cm3), equivalent to a
single fiber diameter of 30 to 80 nm). 10 The thermoplastic polymers in
the present invention include polyester (hereinafter sometimes referred to
as PET), polyamide, polyolefin, and polyphenylene sulfide (hereinafter
sometimes referred to as PPS), and many of polycondensation polymers
represented by polyester and polyamide are more preferable because of
weibbir higbgomé&liobgrpeifitsctidhe ofelting poimtld Fibka folgnesisdBf@ent to
higher, thermal resistance of resultant nanofibers is good enough, which
all igherapnabibe Foraxaie, %éhﬁ@bﬁg%ﬁm?]@ﬂbcﬂ%g(ﬁlél&ﬁ&?(%@%‘ hEpedess
sometlm referred to as P 170 that of, PET i 255 C.a
cormeogeﬁo VAt %#@%§$A 4‘3@89 e, AR 4 suf: %%rgFgllrllsrl ;Erﬁgn to
chdFRHAPY Arstal AaRn a@ragm%%o other constituents may be
copolymerized to the extent that do not damage characteristics of the
politned Slbirtherchergndie polymemnhiigsineh meltingipoiihosBGC iber
or below is preferable due to its easiness in melt spinning. As the
fingheet-likmnngeiibpirmgweofieesntimveioned noniovemirignggner to the

obtained in s ch a way that shoyt fibers ar arran edina |rect| n.of
A S RS Dy IO e HEACHTRE K o spga‘?‘is Rfingle fiber

m

ﬁn?aég&%ged ;veb; an 9 higa:iedgwsd BM&%&QUQ@%Q@@'@CM@M&& the

r spihning suc 19 as melt-blowing or spun-bonding, or obtained by a

pra@derFBaKing el adhdsmatetiainofbihoanditheia areridlatiiec eivio eloth)
support by spraying, immersing, or coating ; or a woven/knitted fabric is
cor;nmmglyxaseﬂbmmtgleamnatﬁd?w@uéwb@@ﬁmd {hieHsheh dremsanission

S Pt It Peerel e ! PPN ) s
LIPS TSR e W A
ar®rdes depifiormly gdreiaprasid@ure at least a total of 150 single fiber
diameters or more, and it is only necessary to obtain it as an N number
similar to the above-described case of obtaining the average value of single
fiber finenesses.

In the present invention, it is important that 60 % or more of the total
fineness ratio falls within the range of 1 x 108 to 4 x 104 dtex (in the case of
nylon 6 (a specific gravity of 1.14 glem3), 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 further 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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grains. 10 A needling density at which the short fiber web is needle
punched is preferabley1000 to 3500 needles/cm2 from the of higher
densification of fibers (formation of a dense napped surface) due to a
higher entanglement of the fibers. If it is less than 1000 needles/cm2, the
denseness of surface fibers of an abrasive cloth is poor, which is
unfavorable, and if it exceeds 3500 15 needles/cm2, processability is
deteriorated as well as damage to fibers becomes significant, which is

nylais® dnafaveetfitesya il welght ie/prethramivalgntZop misglmithercdisansyter
the wet papermaking, or_such that warp and,.weft cover factoy values of a

of W00 IaBHE AREHE LTI BOGBAAE HFhet LLee Brie Mo Hehat e
wowven rig, and. if the.c - I §agc%q ' g

Casgr?\g%l ¥%§sgb%c%§§grg%%1e uﬁ%?ﬁ? péggc’?lenseneviig nNontES?h%att e8 fiber

diaWArRFQfel Relm/ally anditienses-gonge fadily valueaage Wspectiveito 6 x
expressed by the following expressions: Warp cover factor value = war

10Mmm{gmﬁmsnﬂyarﬁsymmwﬂtifm@f@sét[tdmfx})iﬂg/anﬁ)zsqméfa?ent to
cover factor value = weft weaving density [yarps/inch] x ft finepess

. STORRFAREE PR ol e o A UBeAdUE BET ot agre of
or t 0 fibers for dirggtly ohtaini et teral i . :

ol AR A A e e s e oo

thSRUNING: 5681518 tupECERNIHGAIR FilgT BpMIningn 91, spfilishlRsonjugaengle
fiber spinning may be employed. Among them, a material in which a

fibeeatiyrseteble’ B6lym8PisMmEluted from the sea-island type conjugate fiber

comprising the readily soluble polymer as the sea com one_nt%%r}]& a
polyRR ARG PRI %OﬂaYék%ﬁ%dPtBll%BTﬁéﬁBﬁBEP’BFﬁm%np}% e polyester

(hé;?gflé% éll" aés’o%%tils%llgé:sd GRRPRUF to eﬁsbﬁ'@ fi%%ﬁﬂ%@g%er ﬁ?}ﬁﬂ) efin, and

r aggregate to be reduced. The numbér of scratches can thus be
poleskeReIghthedimg-ofRRishiTgdysHalag: tiss reteriadld has aPr) aph® many

cloth, and therefore such a material is preferable.

of polycondensation polymers represented by polyester and polyamide are
more preferable because of their higher melting points. If the melting point
of a polymer is 165 °C or higher, thermal resistance of resultant nanofibers is
sood enough, which is preferable. For example, the melting point of
polylactic acid (hereinafter sometimes referred to as PLA) is 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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Furthermore, a material in which a readily soluble polymer is eluted from
an island core-sheath type sea-island conjugate fiber composed of a
core-sheath type island component having a polymer alloy as the sheath
part and a slightly soluble polymer as the core part; and a sea component
having the 15 readily soluble polymer becomes a core-sheath type
ultrafine fiber that has a small fiber diameter and also takes a
confiqglration in which a_nangfiber sheath is arranged around_a slightl

]

as goflblelfaRg. WshRyIRIRdIERa A bt Hidshe %@%ﬁ?%ﬁ%émge%ﬁ){hodi a
R B SRS R R T S0 T avne.

e po e incréased since e’Is hard

im ARG X IR A0 & MAteN Rl RRRIRAN B BEED RN b AfiNARRE. Among

conjugate fiber arranged at least in its parts with a polymer alloy is
thadividedhand tven fateddiinsalliblh polyimet ifilthe potpmer adleglis plutetled, a
allows the effect similar to the above-described sea-island type conjugate

mafpeiadaeketeinndd I AeRle veReAB alRgatih hiabicleaibofARIb S 1s
cloth,qf the present invention, it.is important that the stress.at 10 %
YR G (PO P GG S AB e VSRR @ BHGH Chagr et
of HEA4! B@Sf{HQPserlﬁl?%xC@é}%@ﬁ%&BP £0emdemReituEs af £0dwand tution in
humidity of 40 %) is 5 to 200 N/cm width. From the perspective of
suilkneedsing effisieney angsifhiliyleasa oreltodob forifextutinghyrysialgrasive
the abrasive cloth of the present invention, the abrasive cloth is cutinto a
gragpy-like form having a width of 30 to 50 mm and then used. Then, while

etz S e oo e USRI SR
(fosantainingfred ahsasivepgralnsusfavpplied andaatidggher tmthe detiaeet of the
fibers. If it is less than 1000 needles/cm?2, the denseness of surface fibers of
an abrasive cloth is poor, which is unfavorable, and if it exceeds 3500
needles/em?, 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, resulting 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]i2.

The method for producing the above-described short fiber web or the
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of the abrasive cloth having the tape-like form, to thereby polish a surface
of an aluminum alloy magnetic recording disk or a glass magnetic
recording 15 disk, which is a preferred method. As a condition for the
polishing, slurry in which abrasive grains with high hardness, such as
diamond microparticles, are dispersed in an aqueous dispersion medium
is preferably used. In order to uniformly control the contact of the surface

f the abrasi loth with b hereb f if ..
ﬁbe%gfﬁ%é&‘%%% %%E%I%Vé?g %ﬁﬁ%@ﬁ%&%&%@&%ﬁ%ﬁi@%&%ﬁed’
0 VIR e SU - (n(e'g
and R ThARYNG 06 lﬁﬁﬁfe%g%%is 31#[{ omgggﬁﬂeﬂ r%%an%fﬁgg, 1840 PeHA M pe

he polishing under on that a working te of approximately

cond@dR20Mbis appliadite: the absasie ot riFepiallimbie sessvl 1% be
elongation in the longitudinal direction 25 of the abrasive cloth to be 5 to

emphyddcrmitily ehalbiesathe alerigation weide mageadilhesabrbbive diother is
having the tape-like form to be suppressed to 3 % or less, ultra-precise

elutedrbraamdtigrivesistand bipgsemwrRtutR e somRIcisRg i e el saluble

of surfacedflibers and the number,of SCI’I'itCh de}

cts to ba suppressed. to
polgmicr B3RS sod Lompenént dnd & BORme Ao whid HPR BRettsor to

thel QGGG dirertion-Qlthe plvasiisclath isdesaihan dhissasvigthifables a
unfavorable. The reason is 5 that elongation of the abrasive cloth under

fibavodiing éeasion during texitencplaecegats too targesdunsk therdibeetimenber of
denseness of the surface fibers is reduced and ultra-precise surface

scraghpneaa chvsdbEesmser dtdbatime ohpaliNengdrsiaadhre gantarial

in void Q]?rts ar|S|qgtg,omaglgn%gtl%fwhere flt%ers at the surface of theF

a8 JBhasE B are o present, %ergﬁ?/ S%}lg h 8101831%5&13 aréﬁikgﬁfa grable.

FufRRHhmBtheptherhand. R1case0fHarR ham BRONIGR ¥k inAl80from an

unfavorable. The reason is that the abrasive cloth in a wet condition due
isl4adtbershsiny adntgipenge théstresdatnapive grdihsisbtnopoidnid eomtaetsheath

with the surface of the disk, and becomes a dry condition because of the
typggirdep@gomponent having a polymer alloy as the sheath part and a
slightly soluble polymer as the core part; and a sea component having the
readily soluble polymer becomes a core-sheath type ultrafine fiber that has a
small fiber diameter and also takes a configuration in which a nanofiber
sheath is arranged around a slightly soluble island. Using this material 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 1s 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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15 out of moisture, and consequently the abrasive grains are strongly
pressed onto the substrate surface, whereby scratch defects are likely to
occur as well as surface roughness becomes larger. More preferably, the
stress at 10 % elongation is in the range of 10 to 200 N/cm width, and
further preferably in the range of 30 to 200 N/cm width. 20 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

lonigitladioyaheivods suct ske mheivockvtheandemdne coasitions Hupfer the
That is, in the case where a sheet:like material to be the abrasjye.cloth 2

cond B b )i b ERETAH0ES ol 10 @a&#&%&wﬁ%&@@&ﬁ 16200
such-?1 way that a fiber orientation is arranged by needle punch

N/em width. : : .
processing or water jet punch processing to thereby make an adjustment.

Or ;e sHiesseakpe3plandaiinncasing! o arinstesiia bhlkiityiddromethod
more only with the nanofibers, the stress at 10% elongation can be
foratiainediby mixtursngththetheb fivsiee abi havfnglee sirglectiie ifiventies ofthe

1 x 10-3 dtex (in the case of nylon § (a specific gravity of lcm3),
ab@cﬁmﬁaréﬁ*ﬁbd%%gr&ﬁ@e?%a#ﬂ&% TG ORENRY T #éﬁt?@dgbr}nm and
thelonwoyen fabric made of the above-mentioned other fibers, a film, or the

§iké' i lised. As a method for using the mixture, a laminating method, a

bondiag WEHNOEheBRENYRRINGE Miay Be.craplolied. fhfelamipatipit into

method herein means a method for laminating 10 nanofibers onto a
corshect-Hiliebmatetakirate of othetditers; lortartheativdsttase fisecophtaupusly

sheet-like material made of only nanofibers. Various ;methods may be

rotafedloyed, MTERATRpRO RN BRI nEffoRBratehire the radial
. fabri de of qther fib ki }
dﬂgﬁ_fg@%ﬁ%@g 'ﬁggg%a?e%g% %e%ﬁ%%%rb%}ésﬁg%%ﬁ%%ﬂﬂﬂ.%{ W unning,

e aminating me mersing, or coating a

slubpy'anofife dispersion-iawd prienarionsyIRRPHEA doatiatelyi atath surface
nanofibers, or a method for laminating other fibers onto a nonwoven fabric

of the abrasive cloth having the tape-like form, to thereby polish a surface of

an aluminum alloy magnetic recording disk or a glass magnetic recording

disk, which is a preferred method. As a condition for the polishing, slurry in

which abrasive grains with high hardness, such as diamond microparticles,

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/em 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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made of nanofibers by any of above methods. 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 20 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
rechussitie pan dhinglenaemgespréssuréanatébiersa ansthberinmds e bReratch

hermof S|ble fibers a‘{ &rejlmlnar rglxed into a sheet-like material
de Het% RIS SthRr &R Sifd: then thermofusing is carried out

Wity ?%Qg 080U MEthod| IW%CQI LAY DRSS At BT direction

nanofi 4 precursors are rectly bonded to a sheet-like material made

of sfOUIrfhesscioria by ehaels vwnmetded ¢f aspunbiiid. Mithedason is
and then a sea component is eluted and removed from the polymer alloy

thdibelsngatiamethvie frwisecdylvdhdinglethepfiborg tessshiediiitag texturing
material made of nanofibers 5 by a g1elt blow metho% § r a spun bon
t

bespmAs dtRMBREthdy! (HRTRITSH tBF bBRBRETEShE fg nibers is
re al? r%orlsmig t g napé)(g % %%ﬁéﬁqﬂreﬁf r@BL%gjang ﬁaﬁ%ﬁs Eeﬁ%ll as

ngation e contr. WIthOUt any damage to surface smoo ness

abPidhe a@@ﬁ%%ﬁ%@@%@ﬁ ehseparipiydrasusfagersmoalvigssitiehere

film, and thereby 10 highly precise processing to be performed. As a raw
fibvateviciitto bartfrdilnf hbecitheiveatiold thest has prdserformheuehyascratch
oI olefin series, polyester series, or polyphenylene sulfide series may be
8l aﬁ@\ﬂﬁé‘xféy %H%%‘érlng versatility, the use of a polyester film is

de%ab {:urth%r %re th(?arg]éxmp mg{jgoq eﬂel@d@ &gf%r@&po]g also

of a shee?llﬁe materla Ih a state where nanofibers and other flbers are
unfEeeh Mth eReh-oieh RofrramRietIarefibersanthoihetikeis@ifn due to

mixed, and then any of various methods including an entangling method

thdyheegleontaining the free abrasive grains is brought into contact with
the surface of the disk, and becomes a dry condition because of the squeezing
out of moisture, and consequently the abrasive grains are strongly pressed
onto the substrate surface, whereby scratch defects are likely to occur as well
as surface roughness becomes larger. More preferably, the stress at 10 %
elongation is in the range of 10 to 200 N/cm 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/ecm 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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punching or a high-pressure water jet, and a mixing and papermaking 20
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 25 makes the density of the fabric higher, thus
attaining the stress of 5 N/cm_width or more at 10 % elongation, or

elogmtam t@a@héoébbee%%ﬁ%dt%‘?ww‘% rABAED 0 JRORT LRIXwIAth the

other}hﬁ each ay aIS| 25 flber{?ne S ofdl 10 3(%{16r)é(w1th
R ERER Oy S G O PR GP T oIt Bt
oth%{l@isé‘i%eéactfﬁ'ﬁ%tﬁ&@fQé@gm)%@qxﬁeﬁeaw%m wqw&@@&t@ﬂl%e case of

nonwoven fabric made of the above-mentioned other fibers, or with a film
nyl@lfma@éﬁdbécsﬁe@ﬁtlﬁomaﬂmg@hé)aﬁqmedl&ﬁlﬂoa(mpghdl'ﬁigemrdlameter
required characteristics such as the surface morphol stress at 10 %
of eRgatiorindiregtiFeBeRRIEE S cOShigHRGY ﬁ?i‘f%erﬁg é%? a Shadelid  the

material, a mi wit anon ven fa woven fabric, or a knitted
a ?XB&E‘?H&%PB&‘E % &Ffirlé’r Ul %eﬂ]f%keab%% escrlbed nonwoven

fabgig Lo ot UBREIAIALE AR q&s&@&fén%%&m%ﬁgnﬂmaa a bonding

fineness, there is a fineness ratio of single fibers falling within 30 nm in a

mesingle dibardiameien ditietanas bethenpdngdiders within the abrasive cloth,
which means the degree of concentration of a variation around the center
va@él@f lmeinssing. metheshshirrithe Mighes tiis et (fo inmn@ating

naBRP R TIPSR e AR T L HaE DO S C b ir A B
otl}cegﬁif%flé/l%ﬂé) (@ spegifio; gravityet-L 1 49e0 s %ﬂﬂgvalﬂﬁaﬁ@ewgteamus

neness of 8 x 10-6 dtex) is preferably 50 % or more, and more
meRiRfesahiyy Bde prpneial Frefesaliyp s, thenadtlasly éoeldimah ey esanifibers

invention, the ratio S 20 between a value of compressive elasticity of the
ongheatdiky pnatefiabrigdende of other fibers by a papermaking method or an
air-laid method, a laminating method by spraying, immersing, or coating a
nanofiber dispersion liquid onto various supports to thereby attach
nanofibers, or a method for laminating other fibers onto a nonwoven fabric
made of nanofibers by any of above methods.

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 emploved, for example, a
method for bonding a sheet-like material made of nanocfibers to a sheet-hike
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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load of 0.1 kg/cm2 and that under a load of 0.5 kg/cm2 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,
25 from which a graph of distortion and a compressive load is made.
Tangential gradients at 0.1 and 0.5 kg/cm2 are defined as respective

mpressive glasticity values, and the valye obtained py diyiding the
P A e S AR LAy vers
or Hefinedis 8. ANAINLSS iR GAMPIESHIYR BIastCytMIRS /neaRsdhal sea
a difference in magnitude between a distortion under a low load and that
conupchee 3t hig hliodl ia sinedhn dee defremdirt beepcdgmethatb pribsuse is lwealyhod
varied when the sheet-like 5 material is pressed against a polishing target
for glirpgsohemdtnarshemdibenetin aiskrtibiike tmaspal madgpémanstibers

smalltI is enables not only smoothness of the sheet-like material to be
by main gi %%Naﬁnae Rﬁ&%‘?y%%éﬁ% p%ﬁggﬁlgl%%ﬁ) ‘performed, but also local

290HeQAIO R BIURE FHEDL 2B NBE dMReUHIRSHL0 HRSTEPY PUBRIFSRing

the occurrence of scratch 10 defects since appropriate cushioning
thepnaperfibsraragivefiimtiveshdetdike shaterialeRubleradtiyedbart elongation to
compressive elasticity ratio S is 3.0 or less, and more preferably 2.5 or

be reratirlisgeFIHIPBE (ABXCOIABIESSIVIO ctbtiary o B hinqsrefefaly Gibrasive
o e DS B 30 AP B vy
hig‘ﬁ?%?&ﬁ%e?%é@@fﬁéﬁtﬂ@ﬂ@ﬁ&@ﬂéme amount of fibers that have

ro

dropped off from the sheet-like material by using a measurement method

to Ae desaribegaterthd aftdrembetifinedlexein|ehelitheatsdsibat has a film
resistance coefficient is large, fibers are likely to drop off from the

forghesttikean Retnlalwrre s apel PEsEhIrIeR ey P gpedvindensteanpilsiifide

e e s S e, For o e LS e
alshseislke material that has small abrasion

Furthermore, the mixing method herein means a formation of a
sheet-like material in a state where nanofibers and other fibers are mixed
with each other. For example, nanofibers and other fibers are mixed, and
then any of various methods including an entangling method 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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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 25 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 u in or less. Note that the surface 27
roughness is obtained by measuring a polishing surface of the sheet-like
material, i.e., a surface at which_the sheet-like material is brought into

fibezohnanesirh balisAihgiarder Beuass tlavnessbrienterctiedtibpet 1.14
described in the after-mentioned les. Sallaess | .
g/c%ugélﬂl%v%i én% %lot%r Tr?%éoﬁg?reélag]nge%%ﬁ %’P@%‘e S H}e igécgrg'w.lth a

€sS enables not only surface smoothness of the sheet-like material

wolBnPEnNEECAS R LA RS B AMRIONE: A PHIGSRSShRESHIRN SWED Bt her fibers,
polishing, but also abrasive grains to be uniformly gripped due to

or witforfityrobafibler tiiestation £t shenguarfaoe wf beeashmatelike material,

whereby aggregation of the abrasive grains are unlikely to occur and an
océ&ﬁ%né@@ﬁ%h@@céﬁ%@sﬂﬁ@%@é@sﬁﬁé sGHaRe ASudhfestydace

preferably 60 u in or less, and more. preferably 40,u in or less. A lowey. .
ol e HEES FAUIASCIE Gl L A8 AP PE g oy hioning
pro%léqﬁﬁg hardnessof-ieshegiig materalis I aiarabl 2R R eE MR, a

at the surface hardness is obtained by using the measurement 15
wovesthathtt: bedeseriied d fhieraftarapehtionsdiekampiésn ik targenserfadoe the

hardness enables not only durability of the sheet-like material to be
abdmpassedibied mppsirengabiiasassurface smoothness of the sheet like

ma(I;t,eri to be maintained,due, to,improvement of form sta iIi'%/ of th%h .
sheetf Wﬁ?i’a‘ﬁsaﬁ’aoghﬁ)diHbdé(f'fﬁ%n%gadLYral‘ S SO G 16 Beinproved” 2
ﬁn&%?@?‘g e SRk E AR NS RieRlIRIBIIRAES o BaIdReEBel MBameter

surface hardness’is preferably 30 or more, and more preferably 40 or

diffeRiBeANNVARRY HEtibtihes swifdoe hdrdnebsdsipeeidrably 400cbr kessns the
Preferably, in the abrasive cloth of the present invention, at least one )
demedadecohtiea baséikd mrastainagaovaphtbestrndes vehgoddingmess, 1.e.,

it means that the higher this fineness ratio is, the lower the irariation is. In
the present invention, the single fiber fineness ratio in which the single fiber
diameter difference falls within 30 nm (in the case of nylon 6 (a specific
gravity of 1.14 g/cm?), equivalent to a single fiber fineness of 8 x 10°¢ dtex) is
preferably 50 % or more, and more preferably 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/em? 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 afterrmentioned 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 kgfcm? are defined as respective compressive

elasticity values, and the value obtained by dividing the compressive
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25 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

28 sheet-like material on which such napping treatment is performed

enables uniform and dense napped fibers to be formed, abrasive grains

in slurry, which are to be attached during texturing of a hard disk, to be

finely dispersed, and highly precise finishing to be attained. In the present
claStieventiahydtas Pdsdiplend kntihateahdhdfite/esnonite defupssbasts trarediness

form the sheet-like materjal, and preferably a thickness of the nanofiber .

in FhRiRRNBBIRYEY fs A Y8 TFIeta Rt thaP S I SHEGIRR milterpgenitude
bet%ogﬂggn ) tt hxetlgrrp mgé.%q lgyi%%rﬂ'i'%&' ea%%(it_% §t78rf(/f99‘r eﬁ%@‘f%ﬁsis small,
Iang S 2Dl ytolb of the

polis e |mproved ue to reinforcement effect

i.c SURRQIt 101 thessheeldikenadstind. A neteelaae i dhalrminatediryeriike
thickness is preferably 50 % or less, and more preferably 20 % or less. A
maltewillinst qfibvesaderogatage of theolashinate d daget thicknegs isopietierahlythe
% or more. Also, preferably, the sheet-like material has spaces therein,

1
diffprearcers Masiegireeliin ahrabiikacentsilers sedle Thptegisa not
can be 15 obtained py poviding the polymeric efastomer 19 e Sheel-iken
only S moqTRECHS, o 3 g y

aving the spaces. olymeric elastomer functions as a cushio

prdPisPipraineadyiiser RrARIPrHINgMN Ao rtestionaf FPenahenduring
or theé like, and integrating it with the sheet-like material results in

polexeailgntdittednassgate polishihgr2bytargataedsart excetiemsuepredsiseratch
effect on scratches of the polishing target. As such a polymeric

defepisisinge apranniiatBaSethienins i FREH18} A88/IBVSaMdhnafpet like

sed..,Among t , polyurethane is preferable in terms @f . precessabili
AR P e e e S B SR SR €L P S SHRY ana

morE PREFRIAL B 18 Casg oA nolyerainen & fas S SATH PENRNbIAdR ity ratio S

material composed of polyether series, polyester series, polycarbonate
is perfesaldy & ipolymeraf them may be used. Among these types of

polyurethane,

Furthermore, in the sheet-like material, an abrasion resistance
coefficient is preferably 50 mg or less. Note that the abrasion resistance
coefficient is obtained from the amount of fibers that have dropped off from
the sheet-like material by using a measurement method to be described in
the after-mentioned examples. If the abrasion resistance coefficient is large,
fibers are likely to drop off from the sheet-like material 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, ie., 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 1 m or less. Note that the surface
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solely polyether series, or polyurethane copolymerized with at lease one
of 29 polyether series, polyester series or polycarbonate series is
preferably used in terms of sheet elasticity in order to bring napped fibers
at a surface of the abrasive cloth into a dense and uniformly dispersed
condition at the time of buffing treatment after polyurethane has been
provided. The cushioning 5 properties and fittedness during polishing are
important in terms of polishing precision, controlled by the ratio between

roufitheresanisaohimedido el aseamiaring #vBRlishis; trelanectlithonsheshlike
d adjusted dependi isi f polishing. A .

e EGFHEhL ot the pOTHER GBI or oraRSAE I e AL o1 S0 b into

corA WA %Yﬁ rgg%ﬁg%gﬁ%%&}%?%@fﬂ@%ﬂ@Qm%%gﬁ%ﬁléff@%ethod to be

condition, vo Ing properties, hardness, strength and the

dedikereithen abrasivEidptn catibeeddustes ple the Sonttinestha cashof leadace
than 20 wt.% is unfavorable since the cushioning properties become poor

rovggtthiter eftablacmat e nrolikety troeeiinTe chtkeotkaciebdingmeoerial to

wt.% is also 15 unfavorable since processability and proguctivity hecome
be pREHeAS HlPahfTE DY RERY S aBEART O ABRP E5SHR ’é“éﬁ;;go(gé%‘bﬂga but

surface, which is likely .t t r j f, abrasiv
also agra%%\sfea grajns dec 153 9%%?8&3{[{9 (‘g%?gg %é%?g%g?ﬁ&ntfg%%@ SV &iber

grains. or providing such

oriBfRGeIHEBUER ASERR1INY HdBRERgNAtORTRtoMEY tuheodgylatigremeation of
be employed. The 20 content of the polymeric elastomer is measured

thevithrtie usgofitie aierasild elythovitean andaasf dcmeangesafmsieatrhes can

content of the polymeric elastomer can be gbtajned.in such a way that the
be ﬁe}w@ﬁ@eé\aﬁ&w%a@mm%ém&?? i G o L5t Gt more

pr 8 SEPIEEre of ity using & SoIVERter e e SAbBEN R s

€ after the eluting and 25 removing processing are respectively
préf&asised. Meanndiig diea magnetic recording medium such as a hard

disk, a recording capacity and a recording density have been increasing,
and\130, a surface hardness of the sheet-like material is preferably 20 or
more. Note that the surface hardness is obtained by using the measurement
method to be described in the after-mentioned examples. A larger surface
hardness enables not only durability of the sheet-like material to be
improved during polishing, but also surface smoothness of the sheet like
material to be maintained due to improvement of form stability 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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accordingly higher precision in polishing of a substrate surface have been
required. Therefore, in order to increase precision in polishing, finer and
highly dispersed grains for polishing have been used. Along with this, an
abrasive cloth has also been required to be a sheet-like material that has
a 5 finer fiber diameter, higher dispersibility of fibers, and higher
smoothness so as to uniformly grip such finer abrasive grains and not to
localize the abrasive grains on a surface of a substrate during polishing.

sheetdidier moatiraid the rduohesnehts) P MBS IbthSoperEOpRRedfnables

invention,_ it js preferable that the na ofibfers are dispersed in the .
am R, ARG FEI TG RRE LD RSYEI B8 Fiel GE°n L RSETSSIR 18 derey
wheaglve grains- A ¢ ?%%'%ﬁ?%vﬁiﬁfﬁ%gb&% 8.0lPih gfibe presenfinely
invention, 1t is preferable that nanofibers aré well dispersed to the level as

disfinesaa 2 aiglenfiney: gndnerdenishatiaingthiscthetpiesed! ildention pisgent
enables a higher-performance abrasive cloth to be produced by
invemploying as 5 sitde-tedtorisa et fhrgroduting sstapotibeio thereby

structure, The_method for producing a panofiber structure according to th
forme@mah%ﬁﬁa%wmaﬁéréﬂ%aﬁaﬂo@B@e@&ﬁgi‘a.arﬁﬁm P&ﬁacﬁ?ﬁ‘ nanofiber

fiber di ion liguid t t all fi ' .
T o T BT A e o ey

er to thereby

CoRBigIR R panelibphstralbae 10te thaldbecranedibes stoictaremdass, dibles
is not limited to, that in one example, it is further processed to become,

poléshiransabbakitse tol dit 1 Epmivyih g sadh achdinodionprefiechsgéuble upport

nanofiber structure enables not only nanofibers to be readily dispersed.in .
on (Hae sHeRRTKEPRBHAR 5 DRAESP GErRRBRES Aa&%mﬁ%@m%s 18

prdfGRRREEIE BEEle (R P SRR AN Aloth SN Dhor Limit of the

e method for producing a nanofiber

peRENTILEE SEEREIRG IR Ahe] 34 RresRHIA¥EE TIOR8 Meablbadbelow ite.
more detail. The term "nanofiber structure" used in the description of the
mettied, preferably, the sheet-like material has spaces therein, which are
impregnated with a polymeric elastomer, and the impregnation can be
obtained by providing the polymeric elastomer to the sheet-like material
having the spaces.

A polymeric elastomer functions as a cushion for surface irregularities
or absorbing 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
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for producing a nanofiber structure according to the present invention

refers to a structure in which nanofibers are arranged in one dimension,

two 5 dimensions, or three dimensions, and a two-dimensional or

three-dimensional mesh-like structure is preferable. In the present

invention, it is important to first attach to a support a liquid in which

nanofibers having a number average diameter of 1 to 500 nm are

dispersed in a dispersion medium (hereinafter referred to as a nanofiper
pdi@%'i%b@ﬁﬁ%ﬁ?ﬁ@@%ﬁsfﬁ?s%?n@ﬁ?o&lhﬁglg‘?rﬁh%%ﬁ %Vgﬁté%énﬁﬁafgé?;gﬁfgﬂsed
in SRECSP SRS ARG G e oS DL O RLAGUS N AR o the

A0SR Cas of harmiul Grganic S ven?vapo an ﬁoatlng nanofibers,

abdiffgrenily:fiam6lg caspinirDuAiger I theimrthadi fes HAedUaing 8he time of

nanofiber structure according to the 15 present invention, it is important
buffiakatroathes@verfige dialyetetbf mmariciibdrscs ipthe dadgeldfel ¢ 800ONIng

nm. This enables absolute strength required as fibers to be obtained and
propssisiuchng, Wiktsinesnadorbee galthieds ased WsRPRiRRtign terms of

PR e TR B JRRESS SRAR® MRANe R meric

pore diameter or signirican increasing a

c1a3P6fE srfacereanile supRIgsINgMbe, breakaosnf flasrs Reldbending

objects to be filtered collide. The number average diameter of single
on haBqgfikeisiispoefprailysin dfig shishéngf 1 to 200 nm, and more preferably
in the range of 30 to 100 nm. For example, in the case of the nanofiber

stréetsretant olihsarobomaiEragja damerds srafyeiadsntis £ aaggef 20 to
obtai e%as follgws. That is, .a cross-segtion, of a nan iPﬁr bundle before . .
60 Gl ioh NS CRLAPELH IO SRCh N AL AR R E
vorICFIGE, TUGERS6ARSy 37-6PEM. hancinsssechionalaheanal 4RO AL the
single fibers randomiy sampled in a same cross-section are analyzed with
abifége protdessindsafijaredhy chielecequivial@litedimmetsitearcthbtain@dst. %
On the other hand, in the case of analyzing diameters of nanofibers
is mafavpbeble stegeythe cushioning properties become poor and therefore
scratches are likely to occur. The case of exceeding 60 wt.% is also
unfavorable since processability and productivity become poor as well as the
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 m2 as a sample. The content of the polymeric
clastomer 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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5 dispersed in a dispersion medium, a following procedure may be
employed. That is, a liquid in which nanofibers are dispersed is attached
onto a sample stage of a scanning electron microscope (SEM), and dried,
and then metal evaporation is performed to prepare a sample. The
sample is observed through SEM to measure single nanofiber diameters,
to be thereby able to 10 obtain the number average diameter in the same
manner as above (specific gravit)i*of 1.14 %/cmS). Furthermore, in the

accordingi s bRt e i d o Hahomd et arbehiatessuatacerhave been
nano ibeﬁpart ay be obgerv$d through SEM, or. an .ultrathin se mﬁnt
required, Tefore; 1N OFder tO 1ncrease prefision ;sn go 1]s mg\,N nﬁr and
ay be cut out so as to reveal a cross-section of'a 15 nanor er, hich’is

ehpreved torayal flMoBUhIHENERPOTEe 8 aREHPIKhRewRed fRls, an

1
the nanofiber structure of the present invention corresponds to the
abmanofibdodf Whichlacsingle fibquidiainetdrisimbre tHakebothtemahdindt has a
more than 1 u in, which is referred as a nanofiber in the present invention;,

fingpfibosdmmsderabocirrehitversthibitp ofibbeg vs preidraho s bpess so

o BN SRR S, B el B

abiheRd &m0 3ol weight Al naneliBers.#aCHLNAYING AIRIRE MG er to

than 1 nm and not more than 1 u in, and is calculated as follows. That is,
attgivethHbatgingledibatyiamgier dfeaihcoflibtd 23 nhagiilesimis iy tigiswmit is

of a square of it (d12 + d22 + -- +dn2) = Y_d;2, (i=1 - n) is calculated.
prefgsabip thethbhe nnepaherageclisnensrine hanshisetslikatntakariifo the

o S RRES IR SRS e eg Ay 8050
calgulaied. GIqURG he (AL YRR eRaPEs g AIRA RNt is

the thick fibers to all the nanofibers, i.e., the weight ratio to be obtained.

praRagdiding thennandiiaers ased 81 thepuaibdd dotlprddueingsai benanefibaigle
structure according to the present invention, the fiber weight ratio of

fibemgradbens exddr hvingtaidiabhetertizmghigsenteitiesnsBm nalsingmables a
higher-performance abrasive cloth to be produced by employing an
after-mentioned method for producing a nanofiber structure.

The method for producing a nanofiber structure according to the
present invention will hereinafter be described.

That is, attaching a nanofiber dispersion liquid 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.

Employving 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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more than 1 am is preferable 3 % or less, more preferably 1 % or less,
and further preferably 0.1 % or less. In other words, this means that the
number of thick fibers each having a diameter exceeding 500 nm is
nearly equal to 10 zero. Also, in the case where the number average
diameter is 200 nm or less, a fiber weight ratio of single fibers each
having a diameter more than 200 nm is preferably 3 % or less, more
preferably | % or less, and further preferably 0.1 % or less. Furthermore,
Profembinyeniingns fesatihiskbalasvagemrinserath is 100 nm or less, a

fiber,wejght ratio of single fibers eagch having a.diameter._more t 100
A P Oh DR G el 15 OF bE O Ghiginethod
for&f%ﬁﬁ?&yggéln%xﬁfﬂ%%?-s%f\?@ﬁx?@%@k%?d%ﬂ@@}g e aanofiReition refers
structure obtained by the method for producing a nanofiber structure
to accaidiguie the préseht invesfibaro becsufficiergbdfiulfilledantthension, two

_ stability 20 of product quality to be improved. In the method for producing
diraemaioniber seictuibraecordirgapsdpreseRtinvéntiohwasarprecaonsd  or

for dispersing nanofihers.into a dispersion _mediym, shear force is
thrﬁr%gnga%lﬂ{bai%%%b %%Vﬂ%ﬁ%bgrf &ﬁé@rﬁ er, arefiner, a cutter, a

CrusNQROL ARQAQLY S Jh DR TG 8 IXE {9 HHAME 2R USE @ Wpport a

mill, a mortar, or a PFI beater, whereby the nanofibers can be dispersed
ligtddhie lenakasdine fib anehiihen gndriberbgiverdntathdidispessiofi1 to 500 nm

medium. Also, in order to suppress reaggregation of them, a dispersant
arqnitiypsused incd disparpiopriaedimanibarrina ey aefierr adetaisserspamotiber

. medium, jt is .not particularly limited; however, the use, of water is .
B S SEHIAL TS RaMGB AR AL IAEH Chidfragbieh
coihed abavsdsithenmatiaahesh sy PRI NG th8hil&ivity and
Sa%%ggﬁmgént ofaé)wl%\f?qa%}%er dispersion Iiguid to the sug%}c{)rtlsmeans %ﬁle y an
abfeleweinocttatearkhailis, dt gagans tbbvsiete whese thedanbibandispersidfibers,
liquid is being brought into contact with a surface and/or an inside of the

diffenepgily firom electrospinning.

Also, in the method for producing a nanofiber structure according to the
present invention, it is important that a number average diameter of
nanofibers is in the range of 1 to 500 nm. This enables absolute strength
required as fibers to be obtained and consequently, when the nanofiber
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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such a state, an interaction may or may not exist between the nanofibers
and 10 the support. In other words, the nanofiber dispersion liquid may be
simply placed on the support, or van der Waals forces, hydrogen
bonding, an ion interaction, or the like may act, or alternatively chemical
bonding may be created. A procedure for attaching the nanofiber
dispersion liquid to the support 15 is not limited, but may be appropriately
selected depending on a purpose. For example, a first procedure is

(TENA Yy herrsiomsdioaberzrs ighid 39 (rE sapporeinmecthers randomly

nanofibers used in the present invention har(il in(flud%ﬁhick fibers each .
Sa‘ﬁB@?ﬁ‘g ik EHBE: dietsi ERebedig 886 i spraying Car beP oI ne
sotpHPEMed LYeRIQUah & dine Bzl of a8 AAUBEEHA 2O SPERY. AHEE hand,

like without blockage, and the nanofiber dispersion liquid can be
in ndhulized astl atiadhethto tameppmt. cFhisstofidbduse Imeftegtibeavhedmady
nanofiber layer is desired to be formed onto the support, or when a
dispreredsa of diensapisiberddienis ddellowin B srsaiiesntpanimeeamployed.

i arw A Rl i b e M R
stadSeend RIaeed f@:tégtﬁ&mi@ﬂg%ggggéno idgﬂgrﬁ'&q@di,qaigdtqm metal

upport is Immersing the support into ber dispersion liquid. 35

evipesgduresdopthitoirmmadrsngpneiude compleiply sifitingdhe suppsridbserved
the nanofiber dispersion liquid, and soaking only the surface. The second

thieregh ddFMatiimessade gt tha nefibfibelidigssesivntickidtihesahs able to
syppaqrt, and particularly in the case where the support is porous, it hgs an.

b G R B BB ARG AAHPOR B 06 E FRRBR S AR gD ceific
SHEUCFS GO _of the nanofibers inside of the support. Regarding the

graa&lgggrption of Qé‘sﬁﬁgnofiber dispersion liquid into the support, a further

addiiepaRirasavedaanghsiepawithodl mangieils WMotk affective frthermaidiber

there are advantages of the suppression of defects such as pinholes even
stroOtafter wislerfideroproveseifiyor pantimandprlvessiag i tiEhiidiM, or an
ultrathin segment may be cut out so as to reveal a cross-section of a
nanofiber, which is then observed through TEM.

Still furthermore, a nanofiber to be used for the nanofiber structure of
the present invention corresponds to the nanofiber of which a single fiber
diameter i1s more than 500 nm and not more than 1 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 2 m) to a total weight of nanofibers each
having a diameter more than 1 nm and not more than 1 ¢ m, and 1s
calculated as follows. That is, given that single fiber diameter of each of the
nanofibers is di, the sum of a square of it (di2+ da2+ -~ +da®) =342, i=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 #m
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uniformity in the mesh-like structure composed of nanofibers since the
nanofiber dispersion liquid can be uniformly attached to the support. A
third procedure for attaching the nanofiber dispersion liquid to the support
is coating the nanofiber dispersion liquid onto the support. There is 15 an
advantage that the nanofiber layer can be uniformly formed to a desired
thickness if viscosity of the nanofiber dispersion liquid is increased by

. Increasing the nanofiber concentration_ in the nangfiber dispersion liquid or,

is Huidgs tivexaier figiRednd han thdguid is thamed il g kHifs o) is
etg.. A ecific .coati roced the ceating may be performed with

cal g D B e R D RE RNt Bt e

thiR3BE:3 t8th1Ceateh MbIFHS-SORLET 1Ak ARAUHIHR fpalas e MR N2

drying procedure or a laminating procedure may be used. Alternatively, a
prategardiimowhich thenafibfiber disperdion kihaidnse sioplyfarizpledioverg a
the support may be employed. Since the nanofibers used 25 in the

nanppEheRtSHRIEHTER REFARIRE e Rad At Badiannghe S weight ratio

diameter exceeding 500 nm, they are likely to be uniformly d rsed int
of Sl BREnS, CAGBAT LS 1 hatmcer danene mone thdo P and ot

moWhighihe nangfiRersaes sizaolved, Anekimmersing-LrerapPPartinty: less, and

nanofiber dispersion liquid or coating the liquid to the support enables the
furthaopibefsrobbe Oriifer mlylestadhedtto:ine suppditiAmdeserited aboveumber
attaching the nanofiber dispersion liquid to the 5 support followed by
of thigkihgtheadpdaiingnedifmetabricanding Sfitbpmdscraanty orRal to
nanofibers are attached to the support in a mesh-like form to be obtained.
Z8™8he reason can be considered that, even if nanofibers are dispersed to

theaginglg, eI S dngciseRIRioR g A58 GPRARAEEYS BRI or less,

process of the dispersion medium and partially entangled to 10 thereby
a filesmvinighhe meshfliia sleuthees: daddditiom papdiaaditke faroremiaatn@g00 nm
the dizgersion medium is not particularly limited, but may be directly

is nyederadlin 36 cadewst tmonnmrainapiodsdune st andefirider preferably

0.1 % or less. Furthermore, in the case where the number average diameter
is 100 nm or less, a fiber weight ratio of single fibers each having a diameter
more than 100 nm is preferably 3 % or less, more preferably 1 % or less, and
further preferably 0.1 % or less. These enable a function of the nanofiber
structure obtained by the method for producing a nanofiber structure
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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large amount of dispersion medium is contained in the support, squeezing
the dispersion medium first with a mangle or the like is also effective. 15
Furthermore, in the present invention, it is also important that nanofibers
made of a thermoplastic polymer and having a number average diameter
of 1 to 500 nm are dispersed into a dispersion medium to produce a
nanofiber dispersion liquid, which is subjected to a papermaking onto a

be R A N1 G AFATAE e ScE TR N PhFoL Qubptothe. 10 i
notBAPHNGIR AT HERELOHI QIR AHaghed o HIeRAAHSSHPRRM AR INEDyms of

the dispersion medium Is removed by wiping or drying. The use of the
safpreegdure has significant advantages of high productivity, and very high
safeness because of absence of harmful organic solvent vapor and

flodihy nanofibeis d2spdiftarantlyafaddn @itetrospinninigsaisbedhigbove is then

procedure is .the most appropriate procedure for forming alsp inside of the,
3“66%6%5’3 AppBR FHHRRE TN R for i Ahe LR i ] oﬂfp('%@d Briiber

: f] ince.the n i Ingr ' inside of the porous
d1s§§ g%lég?tle{gﬁeag%cvg ip(ﬁeifgtﬁgé‘ﬁ)%ﬁgr%ﬁg%}}%@c[%%({){%%n%%fl%%fs is shortento 5
MTHYtIess.itheheanaefifiessdiede iksothe daepipgisie  of theaPeio Jiquid is
support in the process of the immersing procedure or the papermaking
beimethodigb bimtothendbytikalhte fornfsaneoathd/oreshdikeidtrofithe tharpert. In
and therefore it is preferable. From this perspective, the fiber length of

SuGEaRG1iBERs 48 YRS AGTARETABRY PHIRSILS AR D A Ternar TP TgEnd
thel esr%;tgoolft‘nitﬁog%e%rls @oﬂ% pﬁ{gcﬁéﬁ’ég@lﬁgﬁﬁs&% %?‘%‘ag‘fg‘ﬁfﬁfg’;‘%ﬁh% asimply

range applicable by thé pdperma Itis pr mm or

plaBQISin faEMaphlornationya alficioncy oftthedy erbdikasHusiw@inSandion
concentration of nanofibers contained in the nanofiber dispersion liquid is
intprefagiablydn the rhkgerofp.@0Q 10w dlterws tanelynohe npieferadaydim ghenay be
range of 0.001 to 0.1 wt.%. Note that the nanofiber concentration refers to
cregi@datio of a weight of a nanofiber component to that

A procedure for attaching the nanofiber dispersion liquid to the support
is not limited, but may be appropriately selected depending on a purpose.

For example, a first procedure is spraying the nanofiber dispersion
liquid to the support. Since the nanofibers used in the present invention
hardly include thick fibers each having a single fiber diameter exceeding 500
nm, spraying can be performed even through a fine nozzle of an atomizer, a
spray, or the like without blockage, and the nanofiber dispersion liquid can
be nebulized and attached to the support. This procedure 1s 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 liguid
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 liquid.
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15 of the whole nanofiber dispersion liquid. Setting the nanofiber
concentration to be 1 wt.% or less, or preferably 0.1 wt.% or less enables
the suppression of mutual aggregation of the nanofibers and the uniform
attachment of the nanofibers to the support to be facilitated. Also, there
are advantages that an attaching amount of the nanofibers to the support
is easily adjusted, and 20 capabilities, such as liquid permeability, air
permeability, and a capturing capability, of the nanofiber structure )
Progeshiresd foy G5 dmesrasenhinsdussd carandataly conkangdtbecsngagt mto
the low.concentration. On the.other;hand, . setting_the nanofiber
thecél%lé)vé#)a Foﬁsi]tscp %%S&Boﬁﬂ%ﬁ%aélrdms&%%’ roel}Ei ra@?ﬁ Bﬁéb C\?vt.(%hgr second
pro@EeNFhIsa e 0analibasse hednuibalysotangied ARGHNE 2Rid into the
formation of the mesh-like structure to be facilitated. Furthermore, there is
sugisetanadventaige lafrigp proving qarad udtiore efficienpy sinae ibis-oms, it has an
necessary to store and handle a large amount of nanofiber dispersion
advipiagan@brifciiBegoratitdepedompnsiueak Ao aitash ohea mesh-like
nanofiber dispersjon.liquid to the, support. Jn addition, the nangfiber ..
St SR SR OCEI P LA e B B Ui s PoPBARE JuTkehline the
adShyd e patRd i5iheAiRRe g Stats of unangfiberndn the panofiber.riher
dispersion liquid. This can be controlled by nanofiber concentration,
ad d&iffivity dfeinepnazpody stepoaimprisinganariefisensornd ffedisper lurthermore,
medium, an addition of dispersant, or the like. As a type of the dispersant,

thefes ewanfsleamtogesade tdrusippreanianueodsigsersioh asenigmoless even

w0 BTG AU i Cack R R AR Sor ) sbhorbieh

unift éﬂé!:?{?ff Si%ri%ﬁé%Q?—HRB’OM‘?I@ML‘%Qec%ﬁlﬂ%rogé@%foi‘}é&ﬂ}ﬁ*ﬁé‘ﬁse%ﬁf:e' "the

r to select an appropriate dispersant, for example, in the case o
na figes sia Py rdsinol haig ede Mid sierifamengtandiibé s thypepine.

dispersant may be selected based on its surface potential (zeta potential).
At Astpired prosafunsaer citianbiiberthwithethellean gupersiomnyingdromthe
SURPORL 15 fhating The MABGRber (ISt oo LT oncs the Suport. There is
i
an advantage that the nanofiber layer can be uniformly formed to a desired
thickness if viscosity of the nanofiber dispersion liquid is increased by
increasing the nanofiber concentration in the nanofiber dispersion liquid or
using a thickener together and then the liquid is coated with a knife coater
etc.. 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 blade 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 liguid 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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the zeta potential ranging not less than -100mv and less than - 5mv, an
anionic dispersant is preferably added; and in the case of those with the
zeta potential in the range exceeding + 5 mV and not more than 100 mV,
a 20 cationic dispersant is preferably added. For example, in the case of
N6 (nylon 6) nanofibers, the zeta potential measured by using a laser
Doppler electrophoresis method (around pH=7)is-14 mV, i.e,, a
surface is negatively charged, and therefore, if the anjonic dispersant is

whigh o et aRipReEanaFF ordEr B YiRtre A0 ad B BAVIBIRR S oftiRPPOrt into

otgntial, the zeta 25 potential changes; to 1-50. ereby the, uniformity.
e eI R N SRRERR ol o HhE Stgof NRH e

na ASPEESOR e USHIB SIRTIE ateRMIRIANJtB MAIBpMIAL weight becomes too
large, an effect as a flocculant 39 rather than a dispersant becomes

sigAificdmdceibe dhebefose, aodatieliing tthe maclefibler Weightabthdiquid to the
dispersant is preferable. In such a case, the molecular weight of the

suppsptrilinvegrbre nnp methmhdispr1o00 restivon eablpeide nanofiber

referably in the,range of,5000 to 15000, However, even in 5 the case 0{1
S R T ey g M T b oty RS

forfRe srrabiver sRRidsingthe RanotiBRE dacner At At Ofthe nofibers

fibers, or another compounding agent has an influence, and therefore it is

arpifigrabledacelectaghpfitepuaie disphirgantsémecdiding folsetypecoidhdensed
nanofibers, an application, or a purpose, and adjust the dispersion liquid.

in Aygesnpspesforbithe disheranpispraiambiyntierikjloroisonded to

to 20 wt.% of the whole dispersion liquid, more preferably in the range of
thee lhims W55, il RO FBor S TH L (MR P B o8 1RpGRLre for
re AR ENAReT g SHlfisien: dingSioN SSteCin RRRIRINER IS0 18 may be

drying process is the condensing process of the nanofiber dispersion
diréquid, dnddheratorchmayskSoiave aminfuence mrotbdupeshr-like sikictuiere a

That is, if a nanofiber concentration becomes too high during the drying
lange cassutie Hadbilerdaramifciym Iecondobardiinagiresipadrangqueezing

gty e sacondany agieqlon 8 ot leelsL e Reshike
Furthermore, in the present invention, it is also important that
nanofibers made of a thermoplastic polymer and having a number average
diameter of 1 to 500 nm are dispersed into a dispersion medium to produce a
nanofiber dispersion liquid, which is subjected to a papermaking onto a
porous support. The papermaking herein means a procedure 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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Also, if a drying rate is high, the dispersion medium evaporates before the
20 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 25 structure and the inflluence is likely to occur

) particuIaIS:iIﬁyi in the case where the nanofiber dispersion liquid is attached in

intg Hha 1erklerHe heaROFPIRSARPER e case of high surface free energy or
lov‘i\)féetﬁavvbi'lif%v‘iiﬂﬁhefﬁﬂﬁ‘%’: QA0 b8 Séﬁt:é
fim | de S0 that S6m

Ity of a-nanofiber,dispersio
liquid film'is reduce e parts o tﬁéanrﬁ%%rgr1§i§%1é)rrs%rﬁsﬁ%udnm
or (3:2E@0RKRONMERIHE RIRIIasTOkIRYARCIAIRE 8 REtHISRRISIRR support in
medium, and the parts become pores. In this case, the diameters of the

theppresdendiccisaserkom suste dyper spethive) apebmdiithe foethod, to be

controlling the stability of the nanofiber di;&ersion liquid duringa the drying
thesphse dikgln o desn dnte dhaiseenbEentenciigaikbire pabiharglioge it is

e%nd m iﬁto a stﬁble mesh-like strtflctu wherea theiy are Ii%{ Ié/ to .
preiera Fh rom B 138 PeBSéJectlve L gleger ﬁa%%f% 0 pano 1% rs 18 more
cause the nanofibers to conceéntrated due 0 aggregation an

préhargivrethepere diameater iengwie LeJncseens - AHsthepe S ifAnofibers is

molecular structure of a polymer has a functional group or a large number
noobhetizedertindadite d diglicherystaltpalllmeritthm congeptratjgriehiiie by the
nanofibers due to aggregation is likely to occur and therefore the pore
PaRRAMSIEIENRRWS YaErdhke i fprapl¥ bt vk At SRR R ippOE /f dermation
articularly limited, but a 15 nonwoven fabric, paper, a woven fabric, a
effﬁ:ﬁﬁ%g% )ér%%:e og?’r%l,bgffﬁrﬁ %1us%ené?,' a three-dimensional molding, or a

COPIBX COMARREM AIANBH NBRY RE 8B 8|S HSINGA PAOUSUPRRH, fiber

enables a nanofiber mesh-like structure to be formed onto the pores or in
distherpoie Epadds ofiihefatiideorimnidheratoreofSOpéiarablel Avtyfe ahthenore

support may be selected in consideration of 20 capabilities such as the air
prejermelbiimy, theengtgeartd (8:RPtakity of ayt.%. Note that the nanofiber

concentration refers to the ratio of a weight of a nanofiber component to that
of the whole nanofiber dispersion liquid. Setting the nanofiber concentration
to be 1 wt.% or less, or preferably 0.1 wt.% or less enables the suppression of
mutual aggregation of the nanofibers and the uniform attachment of the
nanofibers to the support to be facilitated. Also, there are 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
0.00l 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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completed nanofiber structure. For example, in the case of application to a
filter, a support in which pore diameters 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
25 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 .hgving higher strength and form stabijlity is, preferable, .
shazl tHEMRIEOM thacg4seass Wr?eﬁf@?#etﬁﬁrmiﬁ ‘f)ﬁﬁ@ﬁf&&%@%ﬂ@ the

Sul%sgjsche of a support, the support having higher surface smoothness leads
the improvement in uniformity of a nanofiber layer thickness or of a

MeRh- iRIsiTvEUFRe 2RENBTRIEION dS IR'RIRY alitu SlilkdUEAR MO B0t IER by

to improve affinity 5 between the nanofibers and the support, and
vaminiferfztafthd heeshiiitet lsitu cluom] dshiib ected be ubed dosptbessuppdrte of
vg%/ fine yarns each haying a_single fiber diameter more than 1 u in and

napgtihdie tHatlro RandibeprdishEyinie 4BRE- mbrispraprisy comprpiled by

ams each hav'kng a sinagl fiteer diameter morg than 1 u in and not mor%
na%igl) 1BeF CONncentr tdog, ﬁ%ﬁ! u¥ between a n?o mer c%m 1'1sm$t nanofibers
an 5 uin are used. Sti thermore, a matérial of the support i1s not

an@ UR4igEhs Rl dRu PEaiefably seletiaspeehdhat sha nanafibets a type of

dispersion liquid does not deteriorate form stability of the support. In
theadahersimih doasaohpding thehpapermaking neeinodntiag nameibbspersion

dispersion liquid should be passed through the support, and therefore it is
medigBhatitharelerabinbo selserddie daspensanideem mvamisserieysach as

of th nanloféber ade. of a therm%%lastic polgm%r is impartant, and this
polgcag 0X e,.cg%lomtc peries such as'a guarfernar aqlglbrtuum salt, or
nables pulverization t6 be “significantly suppressed even 1f beating Is
noxﬁ’ﬁﬁfﬁé”}%giéﬂffﬁ!@?t%f@%%x%'ﬂﬂ§mi9@%‘tﬁé@t%@'ﬁ(ﬂ%&ygﬂﬁ _Qoéjsi%iz In
producing polymer alloy fibers to be used for a 20 nanofiber abrasive
orddethtor sehamofibe ragtpropire tecdidirg darhe firesexdnmplention isheotcase of
_ particularly limited, and the following method may be employed, for

dlsgﬁapﬁ%_ y using charge repulsion among nanofibers, a type of the
dispersant may be selected based on its surface potential (zeta potential). At
pH = 7, in the case of nanofibers with the zeta potential ranging from —5 to
+5 mV, a nonionic dispersant is preferably added; in the case of those with
the zeta potential ranging not less than —100mv and less than —5mv, an
anionic dispersant i1s preferably added: and in the case of those with 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) nanofibers, 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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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 25 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 42 an ordinary method, followed by removing

e readily soJuble polymer with a solvent, or the readily soluble polymer
v R URP G ey G By~ FETACRh A2 ORE G Cogoline the

wTENDR U O e Aey sl et T,

mdledyingr allygHibefsthihdseharhiasulspreferaniider hodiensedin1heo to
present invention. Note that, in the polymer alloy fiber that is a precursor

50¢9 thendnofiverprdfe rebliilyrsthebimpgty nfeb 30thto i BG e paev@natnien in
and the slightly 10 soluble polymer forms into island parts (domains), and

theGRtDMh G TRESANG SR HRMSIAREICHh SORBRS T BIAhE S Rqlecular
weg@%ds%m;g%&gﬁaﬁgg%&%gﬁgg%ﬂg%8%%9%%%@%{'%%%%%of the

sérve NSMISSI tron microscop e size

fibis-gvaluatest Bsaifs i aadivalent diameten fromaheaRse vl eRe RIRGS it is

the island size in the precursor allows 15 an approximate diameter of the
prefandfilsetto sdaiécidedyphecgisisibutibapefrihe istandslieg dre desigaedd the

based on the distribution of the nanofiber diameters. Accordingly,
naRAERAHTY BRUNPHER IR EhAop NS Fergth chiant, thp dlisirsfion liquid. A

eadi ithothe use of a kneading extruder or a static kneager i
cmjl(& T nc?o\ﬁ of the dispers t i pl%féf( ag? matﬁe range Qéd ﬁéﬁffe)(r)] 1 to 20

preterable. In addition, smfﬁxe1 c ﬁglng%e.g. apane

wt YNGR ERURCHITL BSHURN MOSq HRIOR1ere b EIO RSFE Al d SFUB D1 to

unsatisfactory kneading, and therefore is difficult to disperse the islands
5 virt. %6 stawel as dsicpas fafebl venms e sizegd\idhKheadingt &tthatighh enables a
depending on polymers to be combined, in the case of using the _
sufiticdemingisratiien wlastetor benobtatred: eMagdithe drying process is the

condensing process of the nanofiber dispersion liquid, and therefore may
have an influence on the mesh-like structure. That is, if a nanofiber
concentration becomes too high during the drying process, the nanofibers are
Likely to be secondarily aggregated, and along with the secondary
aggregation, a pore diameter in the mesh-like structure is likely to increase.
Also, if a drying rate is 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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25 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 43 to a kneading machine in order to prevent blending
irregularities or the change in blend ratio over time. At this time, the
polymers may be independently fed in a pellet form, or in a molten state.

theexi%béﬁﬁéz%ﬂo @a%ﬁ?g?éﬁggg%{%}@?g q fRfkioia %%I&c%‘%iiog‘oo{ﬁ%? some

kneader, or a ure’in which one component is

parf@ddp i enidie SBEHAN R dNgoArHeesaiFd:ayaieb Al lHBe SWTHAIRG kKheaeass of
may be employed. In the case of using the twin-screw extruding kneader

evageeatneadinghendcinnesions predenabl ethdttbetly sf tidietevet knezdingn this
and suppression of a polymer residence time period are established. A
casge iy Aappigscd bha Rorfsciing Lednereang 4 kpehaid scrasrpestive, an

Sl e Knsadio cecion. s PIRENNILREHIS R0 .0 IBHE of Brin

1
ective leng screw, which results’in high-levet'kneadi

theSgHingdhe depeihpihe:knsading ssection to be 40 % or less of the

effective length of the screw enables excessive shear stress to be
preentetbagdrtHerasidarcédi kinlg perioel tmbegiiodened, bbhwheateby stable
thermal deterioration of polymers and gelation of a polyamide component

megh th& 4IRS s TpRraeas d ey s bl deafing 1R hendaanB hazsibn be

con%slé%osgeE? giliseharoe side of e iQ&%%EE%"rS)% yderas POSSINE. tends to
eﬁ T S aresiaence #ne%)erlod aﬁer neading to ep%ortene% and an

inci?land FQlYPRLFRaRYra0RtN R N8 SHRARIERSR. 1 3RARAR 1N 406 GaSR Qhnal

20 enhancing the kneading, a screw having a back flow function with
growhiclk pdbhrgeraanchmowEdimaceyetserditdoti@nlin thd expreidihgdyeaserthe

may be provided. Also, in order to disperse islands in a state as ultrafine
conggntfahioanst hesipanazbeapinki oAy Ra98 A8 dikpsrigneesmand

B A o socton of 2 anote

In the present invention, the support is not particularly limited, but a
nonwoven fabric, paper, a woven fabric, a knitted fabric, foam, a film, a sheet,
a three-dimensional molding, or a complex composed of them may be used.
Also, using a porous support enables a nanofiber mesh-like structure to be
formed onto the pores or in the pore spaces of the support, and therefore 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 diameters are large and pores are in
communication with one another in a usage environment is preferable in
order to increase air and liguid 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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sea polymer are preferably incompatible. However, a simple combination

of 44 the incompatible polymers results in the difficulty in sufficiently

ultrafine dispersion of the island polymers. For this reason, it is preferable

to optimize compatibilities of the polymers to be combined, and one of

indicators to do the optimization is a solubility parameter (SP value). Note

that the SP value 5 is a parameter reflecting cohesive force of a material,

which is defined as (evaporation energy / molar volume)1/2, and if
cassolhidie HiRg BERXaljesPirRy e 0R shomerRsy Haisygesd. the

compatibility m e obtained. SP values of variqus_polymers have been, .
S DA 57 HEAEF et R RS D B o oo by By igygment in
unifesRi AMIPAS,GRof1Ey 1RlastieHi1ditarigl dgparimesi- RRESIAZANE. and

other pages). If a difference in SP value between two polymers is in the

-thassfgeeofid tpre{dddhhl)134] bdirthendingeof 1theosdand tonmaiprdwe taffinity

becoming incompatible and an ultrafine dispersion are easily established,

betpigien ighsratapmiibersrand fidte straiterende ur Sy cobdibre spenb Like
¢ an PET isrﬁ[ﬁgrméi ate"[éé? (r%le/mS 1/2, which is a 15 favorable e@T;gle;
SRS e AT TRET RS Sr K AAATPE SRS ke R ERY T8B Y38 cach having a
sinPR'GPRIVERR S ABP aXIRAteh b (MY BSHIL. WRICR50M6.8h 10 1 m are
unfavorable examples. Also, if a difference in melting point between
prafeohubBrsuised) &ndr lasse pacictidily, ailhe fime phkneadicly Withhihe usdncle
of an extruding kneader, a 20 difference in molten state therebetween in

fibenedigmaifig Resaderas uhlikey aadriret rasufitlam MgHiarigsatused. Still
kneading, which is preferaple, Also, in th h | that i

RS o o BocoPR T B R T e R g, but

pr&@%ﬁ@%@@%&ngﬁﬁp%md ER&”Q&%%@HQP“&%E?&M'%HE@ does not

suppressed low, which has also an 25 advantage. Note that an

detiriorahe dsrpolyrmbilas i heekiijep peintnoadd ithiereferetBlasa seapbiligin e the
temperature, Vicat softening temperature, or thermal deformation
papempakinge wedliostititeel foptmdihrsltidegspenntons liquid should be passed

through the support, and therefore it is important that the support is porous.

In the present invention, the use of the nanofiber made of a
thermoplastic polymer is important, and this enables pulverization to be
significantly suppressed even if beating 1s performed, differently from a
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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Furthermore, melt viscosity is also important, and setting a melt viscosity
of a polymer comprising an island part to be lower than that of a polymer
comprising a sea part facilitates the deformation of the island polymer
due to shear force, resulting in facilitating an ultrafine dispersion of 5 the
island polymer, which is preferable in terms of processing polymers into
nanofibers. However, setting the viscosity of the island polymer to be too
low  causes the chg{g}ge of the polymer into a sea state to be facilitated,

an xRy A0Bk0d r o0 AT SHLW R R RS tapiser i RILeP dsgrer with a
therefare it is _preferable 19 set the viscosity of the island polymer to be
sol{IHE 8 hi2 Rl RAUR R DU MES 1 NG P BIP PR SOIOmE: oy

ﬁb@@@mm%m@mm&#@mﬁﬂmﬁ? 9R sHeRabiity tARddReiseRh@by a
polymer with a viscosity of 100 Pa-s or less as the sea polymer facilitates

naaofiibpesier toli kweristandi pbbgmdsanit abeedfore is preferable.
Furthermore, this enables the spinnability to be 15 si&nificantly improved.
In thlsGatempungethrsdsat arked uhig o bimes plrorcthenipsdiansge alloy

during.spinning and a shear rate of 1216.sec'. At the time of spinnjng an
G aHiehy SRUSEikod BN Rer ity B IR e SBLLn: e e Present
inve9Rling. condition for yarn is important as well as a design of the
spinneret. As described above, the polymer alloy is a very 20 unstable
maNeefithie £ andtie efbrenins kefdibbly tbadl ed dpwararkbrsalidifted anofiber,
immediately after it has been discharged from the spinneret. To do this, a
thegreaddy pokhie Rpmat R poMoOVh SRR P Hobmijdslardatkeishghtly

f ly int flit te that t int wh th li
SO PR R R A T AROR S AHE BRI (o f1oe of
eacdtPot A 96 AR 20; ANt MR BRI UNGRREIING, b LORLNS SRR KIRNEY that

IS substituted for the point. The nanofiber abrasive cloth of the present
a civgeniienienalilehagbbynmr48loy|éde susfabeapughtiessgia:hard siskiteion

be attained. Also, the nanofiber abrasive cloth of the present invention

clegirgplanizposcope (TEM) and the size is evaluated as a circle-equivalent
diameter from the observation. Since the island size in the precursor allows
an approximate diameter of the nanofiber to be decided, the distribution of
the island sizes are designed based on the distribution of the nanofiber
diameters. Accordingly, kneading of polymers to be alloyed is very important,
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 Heil(0-53967)
results 1n 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 1s 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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scratches per 10 disks in a hard disk to be attained. The abrasive cloth of
the present invention is not limited to only an 5 application of hard disk
polishing, but may be preferably used for grinding or polishing of
precision equipment for the use of IT parts or the like, or used as a wiping
cloth for the equipment by utilizing its surface smoothness, flexibility, and
wiping capability. Furthermore, the nanofiber structure obtained by using
the. method for 10 producing a nanofiber structure according to the

to ;ﬂe]égﬁﬁﬁ%qmﬁcgiqﬁavaaaaré%ttenmaf% dnevdiagsirissd sousiangr the
chiffigePyhoBR IR VaIAYS JiRes T MAE AR AU SRS may be

. e
,toIn use such as an‘air tilter an gﬂlqw a medica

indSgesiden Ay adiopd diltsnTneanplicabls teldsinaiude dor SXaMplgs 3 more
air filter for a clean room, 15 an automobile, or an exhaust system in a
typastofypdpnmsineratiobgp kit ta Hbuse sective ket e lieplickfiliexfdmeader, or a
. chemical processing, food, or pharmaceutical and medical services; a
sidedfpod amegcariire W whiRhe e ROFHPRBSRFSHledciamaniidle 1segpian of the
rfi(lzteesréi%ngA Qger,ogrt Ieoodt;ilutgr usiEg the mesh-like struiture 20 It should
PIY% appr%c%steﬂhatl is Als0 prleq‘%ra S léérrlla ar fils&pPP: %ﬁ@ations:
PR AARPPACAUANSSHEN AR TARSILE PR TEARIG AR NAIAIN A & kneading
materials; interior applications such as curtains, carpets, mats, wallpaper,
m aridifiernituse) sftamisdivintdsiahapblicghidn s dukheaslinatsmbsgaaisssion of
and ceiling materials; cosmetic applications such as cosmetic tools, 25
2 pAlERERgesidercaiaBPeiadaetsshaihatmatem wpisicamprsed of a

o ST TR Rl S R o
is fReferldyRALRER) BY 20PlcaliansAUgNaS IR NRIHaS MRLISAlew, which
applications such as extracorporeal circulation columns, adhesive

repldsteis, pladides;cdAnRroedd nuturdisupsisaten @anchsolengBxasfiptds kneading
section to be 40 % or less of the effective length of the screw enables excessive
shear stress to be prevented and the residence time period to be shortened,
whereby thermal deterioration of polymers and gelation of a polyamide
component or the like can be suppressed. Furthermore, locating 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 suppressed. In addition, in the case of
enhancing the kneading, a screw having 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 is 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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5 The present invention is described below in detail with reference to
examples. In addition, as measuring methods in the examples, the
following methods were used. A. Melt viscosity of polymer Melt viscosities
of polymers were measured with the use of 10 Capillograph IB
manufactured by Toyo Seiki Seisaku-sho, Ltd. In addition, a retention
time period of a polymer from sample setting to a start of measurement

thewflﬁc’cgrex{égﬁlg éln eipnro;iteﬁsm% Meeslﬂrf% %%nglﬁ%%ﬁﬁ:@\%éempe&gﬁ#i%n\ﬁ%h%ltraﬁne

in
represe giting of a porymer,” 15 W s méa

disHee Rin2sck B WHR dheotis s OF £ erkine Rl RRCif i VeRdafingd 85 &otimize

melting point. During the measurement, a heating rate was set to 16
contpatithiléetarsdcd shonpld amersntwhs adimstedth) 20dngn€ obhadisitess &d do
. discharge hole of spinneret A shear stress between a spinneret hole wall
thepRttnyaRkiat is 2edukilitteprrameter BB ernhsisdlote iHaniutheshBaralue
. stress (dyne/cm2) = R x P/ 2L), where R:.a radius af the spinnere
is G EY FOET ORI PR eGSR B tha PR e e dined as
(Avne(aa12) cAnskl; 7 lBagh Adhemspinnerghdischaios bple e, A
(eV: (8LrQ/nR2), where Tlr:agéévisc%sity%?‘ pb%r%%ri?sgge%ﬁlg?% %%%Qég?g% SP
valamoup (sed/sepobntd all ey Havaiio dovdhemaieblidynalam Bdroti@ined.
CGS unit sfystem is equivalent to 0.1 Pa in the Sl unit system. 48 D. Uster
SPirvedutsritgior polgrie Palswsser (ays Meesukanems wede prefolenetibed in

DI AR B T A B AN o888 el Plastic
edi%&ﬁ%@_%?éﬁﬂ%‘?ﬂ%ﬁ@%%é het-likq @ﬂ&@?%égé%ge% LENHDNEE5C D Phlue

abrasive cloth, a sheet-like material was em
between two polymers is in the range of 1 to 9 (MJ/m3)V2, both rounding of

the island domain due to becoming incompatible and an ultrafine dispersion
are easily established, which is preferable. For example, the difference in SP
value between N6 and PET is approximately 6 (MJ/m3)1Y2, which is a
favorable example; however, in the case of N6 and PE, the difference in SP
value therebetween is approximately 11 (MJ/m?12, which is one of
unfavorable examples.

Also, if a difference in melting point between polymers is 20 °C or less,
particularly at the time of kneading with the use of an extruding 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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into an epoxy resin, from which an ultrathin segment was cut out in a
cross-sectional direction, and with the use of the ultrathin segment, a
cross-section of the sheet-like material was observed through a
transmission 10 electron microscope (TEM). Also, metal dyeing was
provided as appropriate. Furthermore, in the case of a structure, a
nanofiber bundle prior to dispersion was used, from which an ultrathin

segmeridrasoeHt adbin aiskessrsertionabdigglion,and with tQ&ﬁ%e%OL melt

the ultrathin segment, a cross-section of the nanofiber was observe
vistoritghTEMoRismrmetabayding b5 whasdrpddedadapprapiicken BMt of a

apparatus: Type H-7100FA manufactured by Hitachi Ltd. F. Number
polgessgeosiyis AR rdirede saahdatiditetes of mandtioers 2t iomsef stletiorsland

of a sheet-like material containjng nanofibers is. observed througha .
POk L6 AR SREA o i FSSEL 0 ELEMT S B g BERIBE A orsion of
the PARREORAEM AN IO PIRRI AP0 ORPALE SAIE RSSO into

sampled’in a same cross section are measured. number “average

nanveilles aréldaterainest iy peHormiegat Fieeher RIAFRIPIINS e AU low
procedure in which the single fiber diameters and single fiber finenesses

cauges dbrickerigernizbrosslvantionatipactey mpheotcahe shedithite R5vhereby a
material obtained throygh the TEM or SEM with the use of image o
bleﬁf@c@ggpngtosghﬁva‘?fé@m@pg%mm%r By FAEERR R at A0k WBRAP S T
in iherdi e in th er d to the
P e e R DS N T 018 of
of teasHrgpiefisis decided in a manner shown in (1) below, whereas in the
case related to the method for producing a nanofiber structure, it is
dedibied ihe mahnersshentin of thebelewwddyiteintieychaesa eldtersto thftuence
abrasive cloth of present invention: Fibers each having a diameter

on gRLLRA %@ﬂPLh theecisa BPRYIBRTe™ it getdneogibity 4P £a-s or less
o ST LD B A S S SRR R
therefore is preferable. Furthermore, this enables the spinnability to be
significantly improved. In this case, the melt viscosity takes a value at a
spinneret temperature during spinning and a shear rate of 1216 sec’l.

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 em. 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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randomly selected and then measured. 10 (2) In the case related to the
method for producing a nanofiber structure: Fibers each having a
diameter exceeding 1000 nm (in the case of nylon 6 (a specific gravity of
1.14 g/cm3), a single fiber fineness of 9 x 10'3 dtex) are removed, and
only fibers each having a single fiber diameter ranging from 1 15 nm to
1000 nm are randomly selected and then measured. In addition, in the

ase where each of nanofibeys comprising the sheet-like material has a

Or AR L UL ﬁ&ﬁfﬂoégﬁggeéﬁ%‘ﬁépg%&ef@ansmg|e fiber is first
meﬁ%?@h@%ﬁ&%’&ﬁdﬁ%%E@@%l%%h’?‘@fa{ﬁg §£&8i{§'?nv%s%%“'%%é’%ﬁ‘és 300
the cross-section is the circle. Calculating a diameter from tﬂe 50 area

scrlteWsdhe snylei ke diameier daskerobfainadiAvdaverage value of single
fiber finenesses is obtained as follows. First, single fiber diameters are

meddurethtoane dtoimalfptheeriresantnitventibe tedotalipiacelinecacly an
of the diameters is rounded off. The single fiber finenesses are calculated

aphofR B hasd dinkedbehiganheteRagemeesersbipiusedelon ganding or

pofg%r%g c?tb t%'&ggi&ﬂ éhe rglseqt f'(r)]f'/ %ﬂg%%éetr(y? f rgg%{gegr %%éa flktfgl e% used as
numbér average single fioer fineness”. The number average singlé fiber

a damslerdpasaieupldn dhaipame oo ptalisicahpanaet Gl MBibothness,
average diameter of nanofibers The number average diameter of
flendhibfipessib fapmlgpsfioibvgyThat is, circle-equivalent single fiber
diameters of nanofibers were 5 calculated from the cross-sectional

phtSgRSEB B HERe BAwRibss e T HeRrsrivrsh hvithsine dde apefbod for

ima rocessin oftwae((\iNINROOF nd the simple average .. .
D O R bR UM PR B ntion is

fanpasiibsfsithatiad haeMIARCAIY SHRRIGH 1R} £1959cSQRUOR various
were analyzed and used for the calculation. 10 H. Number average

usem fiedionir simglésfifoer idanysk fensonh nanofibesk, to industrial use such as

an air filter and a liquid filter, to a medical use such as a blood filter.

The applicable fields include, for example: an air filter for a clean room,
an automobile, or an exhaust system in a factory, an incineration plant, a
house, or the like; a liquid filter for chemical processing, food, or
pharmaceutical and medical services; a HEPA filter; and a ULPA filter.

It 1s 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 general fiber
applications:  apparel applications such as moisture 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
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The variation in single fiber fineness among nanofibers comprising an
abrasive cloth is evaluated in the following manner as described above.
That is, a single fiber fineness of each of the nanofibers in the abrasive
cloth is obtained to one significant digit, and let the obtained value be dt;,
15 and the sum of them be a total fineness (dtl + dt2 + _.. + dtn). Also, a
single fiber fineness of each of the nanofibers is obtained to one

jgnificant digit. as described above, then a frequency (number) of
ADPLIFHBBRs SHER haing S i@ AHT ior iEdH, ERBHFR T FReD a8

extRQAVELLS dhem diyided Py e 4e! finanessds FJL@%QS?S@ NEDESS; (A0

of the’single fiber fineness. 20 This corresponds to a weight fraction

culévolmngtractien halleachsingle fiber fineness component to all the
nanofibers contained in the abrasive cloth, and a single fiber fineness

Exgompenent having a larger fraction value makes a larger contribution to
characteristics of the nanofiber abrasive cloth. In addition, in the present

invERfoRTePGAficRbIT I Rgle Asertinerebelo® dmsissadonithneriserass to
ex%gﬁllé‘&cﬂ(‘ Loy ’Qé%‘géstoﬁﬂ% éﬂ%éfd@&%ﬁr%%%de‘%g&% as? {gftaafougwmg

|
aining the average value of sin Inenesses, I.e.; it'is obtaine
mebMRRTRERING.atjithree or more points the 51 procedure in which a
cross-section of the sheet-like material at least partially containing
A. Nelbfibsrssiplbfervbuitbrough a transmission electron microscope

(TEM), or a,scanning electron microscope (SEM), and single fiber

diahetersrdtesibien o nA0dTRSESth R riteRHKPdanTity athe use of
Ca ﬁg%%&% %‘&%&P%P&es‘aﬂf AL 1east iptat of 190 on %&‘Tg'%&?ﬁ{on a
qua ters. r %. d !

OVQ,
urthermore, ItIS O taln%d using tne same number o

retBIRASHIAMESt BRRlodalgrag inembpvasiesaifadicase fibtaning hart of
average value of single fiber finenesses. I. Fiber ratio 10 Let a single fiber

medmmeteenf sachset the Ianofibers be di by using the above analysis on a
diameter of a nanofiber cross-section. Then, the sum of a square of it (dr2

B. Mﬁlzt?ngl?-o%*nZ) = Ed;2, (i = 1- n) is calculated. Also, let a fiber

A peak-top temperature value representing the melting of a polymer,
which was measured at the time of 2nd run with the use of Perkin Elmer
DSC-7, was defined as a melting point. During the measurement, a heating
rate was set to 16 °C/minute and a sample amount was adjusted to 10 mg.

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/ecm2) = R x
P/ 21), where R: a radius of the spinneret discharge hole (cm), P: pressure
loss at the spinneret discharge hole (dyne/cm?2), and L: a length of the
spinneret discharge hole (cm).

Also, P = (8LmQ/nR4), where ' a viscosity of polymer (poise), Q: a
discharge amount (cm?/sec), and = a circle ratio.

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

in the SI unit system.
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diameter of each of the nanofibers, which falls within the diameter range
more than 500 nm and not more than 1 ji in, be Di. Then, the sum of a 15
square of it (D12 + D22 + ... +Dm2) = ZDi2, (i = 1 - m) is calculated.
Calculating a ratio of ZD,2 to EV 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

luated as-follQws..That is, it is gyval with the use of a fineness
D. g%gfl lé]iﬂﬁafél%eysov%ﬁgz%%?arn%e?@rf @ﬂ%}rjgé?:o from a center value of the
singfe f{iner-diameierseb e papafiners s ithin Q. Py JTiSENeaSTER 4
that the degree of concentration of a variation on the vicinity of a center
mavelfiecoffinkbgstellere the higher A5 sfinepess fatidingthetsrmARSOtAe minute

_variation is. This is also obtained using the 25 same number of
n fpasmdmeptand the same data as used in the above-described case of

taining the number average single fiber fineness. K. Tensil ngth
B R LU AP Eh 05 BT o ERELLATe- el DB e DS
L1096 fel 22L41909) 2 5AMAIR Wilha Widh.ah 3.4 AN ANl a8,60hed
was taken from a sheet-like material {abrasive cloth), and a measurement
intwampegoxmeadsih froansidnichxiensiderealel fensigtiengihstesieraitain a
clamping interval of 10 cm and an tensile speed of 10 cm/minute 5 while

crofiseseghipalvadresteome dBhsSEtt bntde obtainel Vatualsriodpesegment, a
width of 1 cmp was defined as a tensile strength value (unit: N/cm width).
TR O b LG FHoAH Bl G Rod eSS SRS 4 erission

' i f ' rasi [
O 10 e e W e
setandhesingras mpthishingdagfet atsuhsirateavhichotiBemmesdririor to
available aluminum plate was plated with Ni-P and then polished, under

disgeasondiion thaed phsassiddbnsioribrachin wagmspifesvrostiiat out in a

abrasive clqth while.the abrgsive loth was movfed ata )
cross-sectional direction, and with the use of the ultrathin segment, a

cross-section of the nanofiber was observed through TEM. Also, metal dyeing
was provided as appropriate.

TEM apparatus: Type H-7100FA manufactured by Hitachi Ltd.
F. Number average single fiber fineness and diameter of nanofibers

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.

49



10

15

20

25

15 rate of 5 cm/minute and slurry comprising free abrasive grains
composed of diamond crystals with an average grain diameter of 0.2 u in
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. 20 <Substrate surface roughness> In conformity to
JISBO601, an average roughness was measured at 10 arbitrary points on
a surface of a disk substrate sample, and then_by averaigin the

mestitethidiugs Haensass piiidethd s abragirie pshgrhddewaiesent

. cal{;ulated. 25 <Scratch numbe %Usinegdboth sides of e&lchc{)fd's.
Invention,. a Spaflfen ])%)d)u a 101’1%?5 2 surements 1s 9%1 ed 1n. a manner
suibstrates after texturing, 1.e., 10 surfaces, as measuring fargets, the

shdWREORSAIRAIChERWELR MadsUEadonith-Cands!ah o 82 tR0PRICE oducing a

surface analyzer. Then, an evaluation was performed on the unit of the
naavihegeualutuobihe mdasided ualuesaithe dBsurfands,) drdol300
scratches or less was considered acceptable. L. Polymeric elastomer

chhtents thesateradnbegolgriesie brasismelaas bbrsinsasersuY aviign:

th e pol ric elastomer was eluted and removed fron an abrasive
CloTH TG £ AT dh B T g P A S GRS e e St ion 6
(a WRIGHS bRoSey Archafteribm 8lUing 80d [REIQVIRY RERRESSHI%NA Bnly fibers
respectively measured. %/I SEM observation 10 Platinum was
eadtaforvigpositethghio Alsamplenmndrithensaimpefwan dbsenved tRfduginamre
ultrahigh-resolution field-emission scanning electron microscope. SEM
rarghpatuteetecian FEd Shan imeastatedred by Hitachi Ltd. 0. Mechanical

LS A O S o PP e
stri,3pd a tensile

Fibers each having a diameter exceeding 1000 nm (in the case of nylon
6 (a specific gravity of 1.14 g/em?), a single fiber fineness of 9 x 103 dtex) are
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 1s the circle. Calculating a diameter from the
area allows the single fiber diameter to be obtained.

An average value of single fiber finenesses 1s 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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speed = 200 mm/minute and also under the condition indicated in JIS
L1013. Then, 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 20 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. 25
staietisatimgaepdpment: Autograph AGS-500B manufactured by Shimadzu
Corparation, Size of sample: 50 mm-~, 54 Thickness of sample: 0.4 mm or

G. dNiareben PYERRpILIHRK efiapaafibers 0.4 mm, multiple samples are
stagled, Suenhat e lucknges ol s SRSKBLRAIRIARI 8.4B. Ok
' hd " Closast 1684 mm. - c;%] an(r:il% ompression

)
thicker and closest -4"mm, and then measure

speggh O-5 MEYEINBLR THR 2 Sakationsbin- beiweena iSO HAGHIER: were

compressive load obtained by the measurements is graphed, and
caliangeadabgradibntemise: tekgiom? phdtog kglcmitarpeatkfiyethasabove TEM

respective compressive elasticity values. A value that is the compressive

obsqaNaEinnVEIiE 4b0. BIQRIMDINRALS BY tats IeEat QTG (Y IEREd. and
thd? ﬁ%@gé%?é%gﬁfyg \ AnceAlest was E)%{Ifloc{.”}sgtgﬁec %%g& IV IQARI M 150

e abrasion resistance’is ine ecreasing

or MeHNHAMENR sRMPIE PRI IYAaslladoad05 30888 s-section

using a Schiefer abrasion tester 15 manufactured by Nihon Denshi
welf@galalyGod hicd withdafowlidre bralsinlittoa. nap length of 13 mm. A
number of measurement was 3, and the average of three measured
H. Niimsderaverpae variation in single fiber fineness among nanofibers

The variation in single fiber fineness among nanofibers comprising an
abrasive cloth is evaluated in the following manner as described above.

That is, a single fiber fineness of each of the nanofibers in the abrasive
cloth is obtained to one significant digit, and let the obtained value be dit;,
and the sum of them be a total fineness (dt; + dtz + = + dts). Also, a single
fiber fineness of each of the nanofibers is obtained to one significant 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 1s obtained by performing at three or more points the
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R. Surface roughness 20 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 Ltd. Surface roughness of a sample having a

surface length of 5 mm is measured 25 in an environment of a

temperature of 20 C and a humidity of 60 % under the measurement
proceduitionithavhichrvatureorsdiestiva méathirekertaliliedaradasinsestiolpast

PR ACHAIE UL [LEoTHE A SCHA A AT e ron

mi%gét‘s %0<mﬂ%§gg‘%gagﬁm %mﬁreg%&%g@égé gnresvlisai e fiber

samples was obtained. S. Surface hardness 5 Surface hardness is

disveRiesseshyrhatdeass ipaasueth it caafprmilytdythamividions measured,
described in JIS K-6253A. That is, 10 or more abrasive cloth samples

to ¢hehehgvimgassive at lensik Total afe Pi@peretiarrd shegltefiber1diameters.
hours or longer.in a desiccator at a temperature ofﬁ%C nd a humidity of

Fugihegmesie. ofterARiALShosE N Bonstane phoeabig IshtatEgRent and
dats "0k 5@@5@6&%%%%@@@%&&5%%ﬁ&ﬁ%@&&ggt@au of single

e
manu ac%ure obuns ness was measured in an
fib&nvirBentof a temperature of 20 C and a humidity of 60 %. This
measurement was performed on the 10 samples, and a simple average

I. Ibfeeasticement results of the 10 samples was obtained. 15 T. Thickness

of laminated layer. A thickness of a nanofiber laminated layer is fQund as
follbis 2rHige e fHhee digmeisdurs %%RE&@% &P@ﬂ?‘%ﬁgﬁ E‘ﬁo%r‘,?i& using the

anETRIes each having 2 sz 51,L0.6m SAUPLS e o OFRBVMEIS 8 of o

upp en, each’ sample is placed on a sample stage with a
s Paies gauge: and adiisknesreo(ithe1 20 spippiglitneasUrdEd et a fiber

using the micrometer at 20 C and 65 %. The

diameter of each of the nanofibers, which falls within the diameter range
more than 500 nm and not more than 1 £ m, be Di. Then, the sum of a
square of it (D12 + Da? + - +Dp?) = ¥Di2, i = 1 ~ m) is calculated. Calculating
a ratio of ¥D to ¥d;2 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 ig, the smaller the variation 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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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 (u m). A
thickness of a sheet-like material is measured in a similar manner to the
above and defined as a thickness Tn (ii m). The thickness of a nanofiber
laminated 25 layer with respect to the whole sheet-like material was found
by the following expression (1). A thickness of laminated layer = (Tn - TO
/ Tn.x 100 (1) a5§6 U, Zeta potential measurement KCl of 0.00Q1M, was
oy i

I ddaelt i Skt s fe raBP iRyt o dvadt 28 (r smetrd 2

r t pH= i -1.5-800 .electrophoretic ligh
R e e A SR N
mdaleukdmxempiend Na-feRmdaimRvins Adnalt \iseesiinal B3 Pa-adat 282:Ggth

and a shear rate of 121.6 sec') and a melting point of 220 C, and
tes¢epelymeadizeth BETI@6rvetl %) hAving andehintepeilt sp2e8 & 10 cm/minute
copolymerized PET from 8 mol % 10 isophthalic acid and 4 mol %

whale i spaRLifg s FerRAhsiretS 1 Psobhtbislvahiea dHead per a

wilfP I Eh O seeibAeIs M1eaded 1 200 CNUSIG B MISTTRN i),
extruding kneader t0 obtain a polymer allo Ip. Ina BI Ion, a me

visgasHy e dhersopobimerizadeiinbAtid62va antb b6 SACHASL8QsPasi0%
A kneading condition at the time was as follows. 15 Regarding polymer
elofegaling1.N6 (nylon 6) and copolymerized PET were separately weighed
and then separately fed into the kneader. A screw having a diameter of
L. g?W}%%l‘éﬁ‘F%ﬁ@éléhgth of 1670 mm, and L/D = 45.1 was used, and a

R S TR AR AR TSI APIINS, o
theipl Biﬁ‘;ﬁﬁ%ﬂ@&@ﬁ%ﬂ%{@rﬂr@é’dcfoﬂ_ beNs8aRAWLIRE19s % RSN target a
polymer alloy was filtered through a metallic nonwoven fabric with a
sulmtpateumipehetratiompartici pizae i Ablés aluminum plate was plated with
Ni-P and then polished, under the condition that a processing tension of 20 N
was applied to the abrasive cloth while the abrasive cloth was moved at a
rate of 5 cm/minute and slurry comprising free abrasive grains composed 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 JISBO601, an average roughness was measured at 10
arbitrary points on a surface of a digsk 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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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 25 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 57
represents a first take-up roller, 10 represents a second take-up roller, and
11 regresents a wound yarn. In the example, the upper part of a

51Qfkematel rtsiaeenanpiriethas: sBvRIE vatioR wekghirr Suaned p» the

ith. a diameter of 0.3 mm as shown in 5 Figq. S. The,spinnerethaving a
g G B T iy s L e LR hfa 300
scrAihwasuRad Mo sdischarogREumper a single hole was set to 2.9
g/minute. A shear stress between a spinneret hole wall and the polymer
L. RelsthddicMBPat@nviscesitteat the polymer alloy was 105 Pa-s at 262 C
and a shear 10 rate of 1248 sec i), which was a sufficiently low value.

Fudrrsmiens, of aisahoadront ldwesuas @ bfatedpinrdieh & Wataag the
int of cooli d_of the chi 9 cm. A disch .
PO B S SRS ACOTLHED B0 TG ARG AP RAH D with a
satTPSHELTErOf 20 Grolethat AR ling gride . Rlaced 4 -EhifPg! lég@ hefore

spinneret 5, and then wound at a 15 rate of 900 m/minute through
andnifeatetl diedaiitbsecdndiadenup pebess Ananedl@. Bupsetivehtlynessured.
shown in Fig. 9, drawing and heat treatment was performed on the wound
M. yiMupbieeheteomdition that a temperature of a first hot roller 17 was 90

C gnd a temperature of a second hot roller 18 was 20 130,C, During th
o BB Hho v AR BB YOGSy T IR <ERBiRe wos

ob SV EIER1G RS SR AR il IhATGICIRN DG IR IGRIES M Sctron
an undrawn yarn, 16 represents feed rollers, 19 represents a third roller
mifi@asaemperature), and 20 represents a drawn yarn. An obtained

polymer alloy fiber exhibited excellent characteristics of 120 dtex,
SEM apparatus: UHR-FE-SEM manufactured by Hitachi Ltd.

0. Mechanical properties of fiber

A load-elongation curve was obtained at room temperature (25 °C)
under the condition that an initial sample length = 200 mm and a tensile
speed = 200 mm/minute and also under the condition indicated in JIS 1.1013.
Then, 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 manufactured by Shimadzu
Corporation,

Size of sample: 50 mm¢,
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25 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 58 fiber exhibited a sea-island structure having a
sea component (light part) composed of copolymerized PET and an
island component (dark part) composed of N6 as shown in Fig.2, and
also revealed that the polymer alloy fiber was a precursor of N6

nanofiber,which.the N6 dispersed in an ultrafine 5 state, and that a
Thh%ﬁﬁ%? 8@5?&581&5971%1’@%9&1&%&%?&%% was 53 nm. Then, crimping

(1f 34 Sting e@ﬁ&&@ﬁ?{gﬂ?@sm@%R?'zfﬂ%?@g}gﬁi Os&lil’%ﬁ‘f?é’ gpéa'g@acked

polymer alloy staple fibers (A) with a cut lengt mm. The polymer

sudllahataple fibleidiAsabidinke asdhsaibeshyrRie isubjecteshtocatdivleer and
and lapping, and further subjected to needle punching 10 at a punching
clogipae s P36 00merdibshemmentmeby abthin a nonwoven fabric
composed of the polymer alloy staple fibers having a unit weight of 500

COG?H??_.SST‘% FRFRMoER FIBHEWLL fnmersed into a 5 % sodium hydroxide
solon 25,6 o LIt 00l Valoigs Aoy o0 400 mes .

of a 0]0) i/ester component Iin the nonwoven fabric, an then neutralize

obtaiied bcatic atidJoliewed fyibeingyinsedant GintHsd Badlaf@nt 0.1

analysis on only N6 nanofibers in the nonwoven fabric through a TEM
ke/ptotegdthd kglenstaoetdnfine hambespevtreg esingtedibee eiasitey ofalues.
the N6, nanofibers was 56 nm (3 x 10,5 dtex), which was unprecedentedly
A Viue G alds, heiceruerite ot RaHcHere Bi A OP Wiecasidgtadnskpy that
agge of 1 x 10.8 to 4 x 10-4 dtex was 100 %, and

' fe % ithin the
at ﬁ?ﬁfggft ati é%év?/ilﬁﬁﬁ ﬁig’e range of 1 x 108 to 2 x 10-4 dtex was also 100

Q. Xbineaeh-efithanigliowing examples, these facts were confirmed). In
addition, a fineness ratio of nanofibers each of which a single fiber

finéntsst fethwiphinftrenethge obdfkr26t3066 ST D4 Hiex WasQb&lly, the
abrggi})rrlle S«atrs]:iegtgggg 'iasl Sci{g Jggiib%r; ir;er&giierség%(g)f Qr%%ﬂi?ter(srrleg%cgfog sample
abraded to 45 cycles at a load of 3628.8 g using a Schiefer abrasion tester
manufactured by Nihon Denshi Kagaku Co., Ltd. with a nylon brush with a
nap length of 13 mm.
A number of measurement was 3, and the average of three measured
values was found.
R. Surface roughness
Ten or more abrasive cloth samples each having a size of 7 ecm 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 measurement and

detection section was 1.25 um, a speed at a detection section was 30
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which a single fiber diameter fell within the range of 55 to 84 nm was 71
%, 59 and a variation in single fiber fineness was extremely small as
shown in Table 1. Histograms for single fiber diameters and single fiber
finenesses of the N6 nanofibers are shown in Figs. 3 and 4 respectively.
In the histograms, the number of nanofibers (frequency) and the fineness
ratio were counted by 5 I0nm in single fiber diameter. The count by 10 nm

e R e T T sl

waBYiRbRSA{ 43055 each naving, g1ainglg dibeldiapetel ot 80:-nor AR &l58ment

the number of nanofibers each having a single fiber diameter of 75 to 84

restiilaves Beurted aglhe wmambbeohdd. those each having a single fiber
diameter of 80 nm. Subsequently, polyvinyl alcohol was provided to the
S. Punivevérmtdbrsssuch that a solid content of the polyvinyl alcohol was 20

A i e e o, L e
the(‘)’?%%i‘s%’ﬂé"&%'&?{%%sﬁ? PAYHRBARR SPR% 1D.CapAP M'S\/Bllﬁéaﬁft Gloth

solid content with respect to the fibers in the nonwoven fabric, and then

sargpeciadHomwencoagsiadion Tockheteby-ebiain thepaawoxed Blic left for 12
composed of the N6 nanofibers. A surface of the obtained nonwoven

hovabriv ierdsufiadavitesineatonypésa 20mpsanatipepef, 2@ Q18 40hwagdity of
and 50%3,1‘? ped with tv¥o tiered fluorine-treated heating rollers having a

60 Ba TSRS ILRF R A PRI PESTTLaah PR ResS tester
cﬂ%ﬁ%ﬁﬁ@éﬁ %fﬂ[etﬁgOggg{&@%ﬂ%d&%@ﬂ@é&?ﬁ@ﬁ%@‘%ﬁg&\eﬁ%a by

Ccooling rolier naving a sur temperature C,tot obtaln an

Kobhiafiyedokh tayinDitd sMasinsusiaess ThimebarasivencioiRaddent of a
compressive elasticity ratio S of 3.0, an abrasion resistance coefficient of

tengpemrif s wiadd rolghndss oh20nadityand £8ubfacdhardnessuob8gnt was
per@gggg{imo%r%htg eflgtg?ligpalg,osﬁde Egg%t}iﬁg gzrg}ggaebg%sggaggrement results
of the 10 samples was obtained.
T. Thickness of laminated layer

A thickness of a nanofiber laminated layer is found as follows. First, in
order to measure a thickness of only a support, 10 samples each having a size
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 i1s 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 (¢ 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 (1
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cloth was 12 N/cm width, elongation of the abrasive cloth during texturing

was small, and the texturing results of a hard disk in an average surface

roughness of the substrate were as small as 0.24 nm, the number of

scratches of 96 scratches, which meant that the number of defects was 5

extremely small, and an exhibition of excellence in electromagnetic

conversion characteristics. Furthermore, polishing chips and fragments of
U zbrasive grains that remained on the textured surface were hardly

FladteEiiah Bie 25PEEORfmer alloy staple fibers (A) obtained in

EX@EP"B (Y‘.’SfﬁMoﬁé{?j%%@%?ﬁﬂﬂg‘%ﬂﬂgdaﬂ?ﬂﬂgaaHQJHﬁ?Qf dispersion

subjected to needle punching at a needle density of 500 needles /cm2 to

liqtherenontaie aneamerewiabie rtompased offthe golymesiakboyhstapies-800
fibers having a unit weight of 450 g/m2. Also, PP staple fibers (B) having a
elesinghdfibetifinbigids efdt@uiteg pdret@ubjectethonafdingwdd lappPFSUKA

and further subéected to.needle punching 15 at a punching times 500
ELELBRONH D6 treldly obtain a PP nonwoven fabric. One sheet of the

nogwoven fabric composed of the polymer alloy staple fibers obtained as
abo%e&%nr%@;?other sheet of the PP nonwoven fabric were stacked, and

thengtached sherteawaig uriar subissted &9 pseplePUNCHBD® 8nd a shear
punching times of 3000 needles /m2 to thereby obtain a bonding type 20

rataafiGicd sabrit zodposettofghepaiyhERalls); stagleofiodysn@Ey)izert BET (80
PP staple fibers (B). Subs,equentléésimilarly to the case of Example 1

wt.fis hernsvannalHO sy RErLEE iftoRBdE BsaR iy dbxidenacfseal %
iso%‘faﬁl/?a?tlé%ﬂ"gﬂﬁtﬁ gl L%Oggéﬁ%@r%ﬁ%ﬁﬁéﬁ%@?’%ﬁ%’i%ﬁ%r.eo‘%gﬁ0 Pa's

ester component in onwove en neutralized with

(at 3Bdieagddollaneshby. being) pingedeanyl geed 1RSI DL M Ysing a

alcohol was provided to the nonwoven fabric 61 such that a solid content
twimﬂsheepmlwhn)dfhlmgﬂﬂwm:?@mm\imla neshaoetoatheyfitars ibntheldition, a
me?tog\l_/gggseirgagf( I’(c:he copolymerized PET at 262 °C and 1216 sec! was 180
Pa's. A kneading condition at the time was as follows.

Regarding polymer feeding, N6 (nylon 6) and copolymerized PET were
separately weighed and then separately fed into the kneader. A screw having
a diameter of 37 mm, an effective length of 1670 mm, and L/ = 45.1 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 1«
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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Furthermore, the nonwoven fabric was impregnated in DMF solution of
polyester/polyether-based polyurethane so as to contain 30 wt.% in terms
of 5 solid content with respect to the fibers in the nonwoven fabric, and
then subjected to wet coagulation to thereby obtain a mixed nonwoven
fabric with a unit weight of 390 g/m2 composed of the N6 nanofibers and
PP 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

repreRents thireby it A0 R PRI ERAYIAG acenb bk e Latlghand 11

re psi.tgggﬁtast élgv g/o elé)g%?gon, compressive elasticity ratio S, abrasion
resistance coefficient, surface roughness, and surface hardness of the

ob@ngd aRasivRCIoIB. @pskingdexiringiesliee hard ek asret was
listed in Table 1. 15 Example 3 Under the condition that 60 wt.%
proofiddidswiithle copaihesteseetionnid withvhodiNGiegsinafé)e used dershewa in

component and an island component respectived%aand the island

Figofnpbheninianesinigarddsohd sk dotel dormpsdstydnemm and a

. spinnin lymer al njugate fiber (herginafter 20 referred to as
e o A e R RS el v o
sinh1e'8BraktaIn& qaniugalefiperwith 2.1 dtex. This conjugate fiber had a

strength of 2.6 cN/dtex and an elongation percentage of 35 %. Also, an

andlysie mnsdncavdrate singlesyarmiéincnbskeinvalpan dfothe anlyitnafineas .13

fiber in the island component through a TEM photograph resulted in the
Equivsrasibr olothei®elemath nﬁ%%t]cii% ware pbrféndd sRdrisshear

rat%b%%t Z%rggg' ﬁbt%i%%%jllj e%;[Sea(Sta%ﬁg:{g]Slé?g(CiZ)%v itbr i&g.t I%n u?eg}}l oltr?a%re, a

m. THis conjugate's € polymer aloy ‘stap ers

distBh&2rehiRined i Bample. Ly ere SYRIREse o ing R A WRIgH BiRoling
A/C =50/50, carding and lapping, and further needle punching at a

(uppunchin difde ath3nO@ e dless/ o Ahdietly-oltainymmixeds cooled and
nonwoven fabric with a unit weight of 500 g/m2 composed of the polymer

solydidiedtapre b Pam@enbing air having a temperature of 20 °C, oiled at

the oiling guide 8 placed 1.8 m below the spinneret 5, and then wound at a
rate of 900 m/minute through the unheated first and second take-up rollers 9
and 10.

Subsequently, as shown in Fig. 9, drawing and heat treatment 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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5 conjugate staple fibers (C). 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 10 rinsed and dried.
Subsequently, polyvinyl alcohol was provided to the nonwoven fabric
such r}rgééa?golid content of the polyvinyl alcohol was 20 wt.% with respect

fibgg it FRAASTAR SITEHE S NAKE S G o E ABRABERY part)
Impr ' olyt 5 poly: 0 -hbase
ol RIS MEUE RO, S S0 SR DAt pard

corfpaRed ¥ e Hbeyedtthennonwoaven doblie, antiled widjetiesdymelr alloy

coagulation to thereby obtain a mixed nonwoven fabric composed of the
fibdiowmnefibemasek wfrditha N fibers whadrftive bttdespbtaiod dmanwdtefine
fabric was buffed, pressed, and 20 then rapidly cooled down in a similar

stakes el thhiHe TAVABPEE AR S Bamsissy duthmn NP dslaside & 53 no.

having a smooth surfacge. The stres 10 9% elongation,,compressive
Thef, ComBie ahd ciitne Wete Baformed of "Hhe BhIvRdh alieV fiber to

thefwhacshbardnessabihgl ebtaingtbabrasiyveloti and the Texiyune Wi

of a hard disk are as listed 25 in Table 1. Example 4 The polymer alloy
fib&fabtginkaiarExdhpletapds ifisethihtolkt5i%e d3asodigstribed were
hydroxide solution at 95 C for 1 hour to thereby hydrolyze and remove 99

subjegted s Grdingyaatlapripgnand firthssigbicstied fipdrecglenpunching
tralized with [ d foll by,hei i d and dried d cut .
at Q%%5%%%%%W%C%'§@O?§e%5%ﬁ Q%'Pﬁe%gﬁ.‘% oﬁpa{r}i%enoﬁ%o%ln fabric

Into a pie ngt mm to thereby obtain a cut fiber compose

coripadd@ senadibelyhysenividy et el Miaies BRYi3Q 4 efdhenhianed sub g/m:?.
fiber were arranged in a TAPPI standard Niagara test beater
(mdhufastireadbsnl dybric 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.

As a result of an analysis on only N6 nanofibers in the nonwoven fabric
through a TEM photograph, it turned 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 10 dtex was 39 %.

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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Seiki Seisaku-Sho, Ltd.), then preliminary beating was performed for 5
minutes, subsequently excess water was extracted, and a fiber was
retrieved. A weight of the fiber was 250 g and its moisture content was 88
%. The 250 g 10 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

500 rounds and a .cleargnce of 0.2 mm. 4.2 g of the beaten fijber, 0.5g .
anfie B VAHBHR LS GIOEIE SRR COEIRNEIYIP (RIS BY BYi SO in

Ta’éﬂgypﬁﬁ%’?%‘}éﬁ‘é-f&ﬁ%iﬁ IDABEH '&'{a‘ﬁ?é_gﬁslgﬁﬂoéigg% ﬁ%@?rﬁ%&ng%%s of

500 g of water were arranged In a fiber mixer MX-X1 manufacture
thdVidisushitdibleetded _tlusiiain Gt gd g dnang tagpesiiftetyionbtiiies i@ams,

thereby obtain an N6 nanofiber water dispersion. A zeta potential of the
thaansfiber if thengfilerngispegionophsn80the/f1500eg ot tHeoNGemarofimsed by

water dispersi#th ana_zo L of water 20 were arranged. in a semi-automatic

10am dredngls MbehideetAtrARGe B RuhSgamRini #ogl fher dipmeter

t jacte er ' t I er plain weave_fabric.wit
I B e B K BB il Boer
diaknkif32 0P SamanslpaiwrechbYeNBengd toloyaeBydieehdding et Wil fng a

for 2 minutes by using a 25 high-temperature rotary drier (manufactured
sinigyeK iy aliRikekagpd 60. nitd prtd thebhebaimbenvfsise afdtbrin each

which N6 nanaofibers with a unit, weight of 8 g/m2 was laminated by using

hayiag,8ipaaee diker Waametspit 48 ot apporrssiriatsdckHae ympksr of
th&%‘%%%ﬁ?ﬁ{%,‘@ﬁwg%\/g f%)ﬂ% was. 0 gc(j}r% é trﬁ% of the whole laminated
a cloth was 1 8 Kt

rasive in, a thickness of the nanofiber laminated layer

Wag 30:%e WHRHIOSRREHHPE MIbSIR Bhesl-ike vitrigrial thd Neoalkesgat Abric

% elongation, and surface roughness of the obtained abrasive cloth, and
suthe bexttarsgicksoltteaftaohthe gisk arsydsilictbalimwiaile wt Example&pect 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 with respect to the fibers in the nonwoven fabric, and then
subjected to wet coagulation to thereby obtain the nonwoven fabric composed
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, pressed at a pressure of 0.7 kg/cm?2, and then
rapidly cooled down with a cooling roller having a surface temperature of 15
°C, to thereby obtain an abrasive cloth having 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 1 m, and a surface

hardness of 38. Furthermore, the stress at 10 % elongation of the abrasive
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Polyvinyl alcohol was provided to the abrasive cloth in Example 4 such 10
that a solid content of the polyvinyl alcohol was 20 wt.% with respect to
the fibers in the abrasive cloth. Furthermore, the abrasive cloth was
impregnated in DMF solution of polyester/polyether-based polyurethane
SO0 as to contain 30 wt.% in terms of solid content with respect to the
fibers in the abrasive cloth, and then subjected to wet coagulation to
thereby obtajn a 15 laminated abrasive, cloth composed of the N6

clopbibere ANETha thPe P BT IVEAE tabREs THE Stlds iipg texturing
wa QIRHO AR ggﬁglﬁﬁé?g%h&%%ﬁt%f {)?eagﬁgt'ﬁaeé’;&b{?‘fg’ﬁ %@ég?eggdi@# ace

texturing results of k are as liste e 1 xamp

rowiaske elotihie whish Medanefibens wenalrminateson s PeyeSIRIAIR of
weave fabric was obtained in a similar manner to the case of Example 4,

scraxches that bunitrwiibhs pfwhecN 6 mananfibBis tathinatedrbeE xaingdidetts was
was set to 60 g/m2 in this example. 25 The stress at 10 % elongation, and
eXIGIRIY rogAHes@BAthabbeshek titadife BXstllenre thine RigaHymagnetic

results of a hard.disk are listed in Table 1. 65 Example 7 Polyvinyl
conl§EERy ShARCIERLALE SPurReholt holishing TRIRS And BRtognss of
ab&AAteN EPHH@ 20lyviow A5eRYvas e whi¥e AVl yesResbie tﬁ&rcﬁifiﬂﬁé@ent.

the abrasive cloth. Furthermore, the non-woven fabric was 5 impregnated
in EMf&nsplatidbn of polyester/polyether-based polyurethane so as to
contain 30 wt.% in terms of solid content of polyurethane with respect to

thelfitser M abe Hiate afteren Subjebteineiwer coagumition o were
s A e OB SRR L N AR

er Inw rnc. 1 surfaceo obtaine

at abRsR detiswas Puiernpiassede2?dih8Rreby obtain a nonwoven fabric
composed of the polymer alloy staple fibers having a unit weight of 450 g/m2.

Also, PP staple fibers (B) having a single fiber fineness of 1.9 dtex were
subjected to carding and lapping, and further subjected to needle punching
at a punching times 500 needles /cm? to thereby obtain a PP nonwoven fabric.
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 /m? 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 alcchol was provided to the nonwoven fabric
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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 and surface roughness of the obtained abrasive cloth,
and the texturing results of a hard disk are as listed in Table 15 1.
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

eight-average molecuylar weight of 120 thousand, ameltovisc_osity of
S“@'b\t%&g %c‘ﬁ?vé‘éoc@“éﬂ’ataf’gﬁ SHREVHRD %%‘gééi),‘”ﬁfd%) ek g Pidespect to

thalf:8 g‘q@tﬁ' il e e case of Example 1 under the condition of
ar% I\(I3 conteg\TtH(@rl 2 wtl.}‘}/o%}r% a kneading temperature of 220 C, to

therehylohtainra, PRY MOV D NOe thahe Weighl aNalAdE solution of

molecular weight of poly-L-lactic acid was obtained in the following
polyertaey dlyat s rabelsiedafolzstbelutow aftie santplavdiswiitédmwitrms of
THE (tetrahydrofuran) to prepare a_measuring solution. This was
solifecapientalIEhcreRshand gelibernndatibhe chramatsgt ity G payl then
su V#gzt%g gﬁ@%%%%gu%%[ﬁ%eﬁi t%yt%%%eﬁf’z &Ptrﬁonrt%t'g{&gdq%%“i%%%%g{%ﬂ; with
ght-averagé molecular weight'in polystyrene équivalent.” In

a Rtz RBER YiscAsi-SINE IEI R RB NS b AbR el rate §f 02432

sec' was 57 Pa-s. Also, a melt viscosity of the poly-L-lactic acid ata 5
terdperatize:0d 1b«C dnd iastheavnatewafl #absecvwashebiPd-gideied, and
spinning was performed by using the obtained polymer alloy chip at a

then diaridbnioeladdoBinp & ApRRiRpRMpdatihe srosoiCiEample 1, to

spinneket surface temperature of 215 C), and a,spinning speed of 3200
therxr%nﬁn%%%lnnaa%i??ﬁ r:‘larsrfr%{gncri%]lé?}o?1 the ch<e of E@glmsﬁg T‘?eo thereby obtain

an'pRdrawBs¥aip. 1P o hapngtangng aﬁﬁﬁ%@gie%a&r}m{&{?t%%@p%rasion

undrawn yarn was performed at a drawing temperature of 90 C, a draw

resiationk] Sotififiese at)d sttfeat settinghteesperatude oti#B@<C inadimdar of the
obtrgiaxxrérgiegtggatgfvgac?gtﬁf and the texturing results of a hard disk are as listed
i Table 1.

Example 3

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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Example 1 to obtain a polymer alloy fiber. The polymer alloy fiber had 70
dtex, 36 filaments, a strength of 3.4 cN/dtex, an elongation percentage of
15 38 %, and U% = 0.7 %. A cross-sectional TEM observation of the
obtained polymer alloy fiber exhibited a sea-island structure in which
poly-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 whjch the N6

obtRiasdS v ERATRR W%&&ﬁs&&%ﬁv BhAHEE A T REHE iR e 50/50.

[ r rform iber e in. conjugat
co RN SRR P AR e o
350y ars d B-wesesukiegiesbloyCarding anddappingoatdinen fliherwith a unit
subjected to needle punching at a punching times of 3500 needles /cm2

weighherEbpoairt mumvendofbic yithracmitliveigtaide ¢1eee ah2and the
composed of the polymer alloy staple fibers. The nonwoven fabric was
conugRiaSHaRE Fevs Sodium hydroxide solution at 95 C for 1 hour to

thegeby hydrolyze andyemove 99 % or mere of 67 apaolyester compaonent .
e e R s R
wablaRgdinsed anthdiiedo RN tha MRRWOYRR fabHRion 1% thesNe RROfibgS: to
were extracted and then analyzed, and consequently it turned out that a
therainbéuydvelage sint) ke rbdikeddidmetenafdhd A G olyesfibe romwasmémmm the
(3 x 10*5 dtex), which was unprecedentedly fine, and a variation in_single .
NORFEN file FRE vk rhpe e el alzeds sk Rertsiaedsiiayagnhy, being
rinrs)gl \E/JHMI (?Icggol was provided to the nonwoven fabric such that a solid
he polyvinyl alcohol was 20 wt.% with respect to 10 the fibers

content o

in gnQueren faicvhwthermam. {esnprweued RPirVAsnwoven fabric
impregnated in DMF series polyester/polyether-based polyurethane so as

sudh thatains3lidveéh tierte nhshef pediidiayhteliolvithwesp2otve. thesfibieeeikpect to
the nonwoven fabric, and then subjected to wet coagulation to thereby
thepBharsd ndhwaEarrR s unit

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 with respect to the fibers in the nonwoven fabric, and then
subjected to wet coagulation to thereby obtain a mixed 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
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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15 weight of 390 g/m2 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 20 resistance coefficient, surface
roughness, and surface hardness of the obtained abrasive cloth, and the

B A T
[ ' 0. Pa. h . - i
reMSCOBY Of %g L Fqs 0Pa %ﬁ?&’s@& %@ieo s &%eeﬁc?l%%{" Eiﬁlg”ﬁber,

point of 220 C in a similar ner to the Example 1."During t

theRale sRIANIRG ¥ sheatsiiessideRan-d $RiNngigt biesdadandRE, and cut
polymer was 68 setto 0.1 MPa (a viscosity of the polymer alloy was 200

intpaputce6®iChandengiheaf Paterof lthsaely, abhhapalyniefibdvydipgrosed of
was obtained in a similar manner to the case of Example 1. The obtained

NORMAEPSHoy TiBRFELRTSitc 0L TEaiRhiBar dctetistia rtpapegautdaper were

ilaments, a of 4.2 cN/ n [ rcent of 38:%,
arik BRSS9 FEPAT Slhd o N A B R R BP0 Tovo
SeQlyRaesAlSIRET ExAiRiteH 3 SgacBIanda Sir ustarg i WEH performed for 5
copolymerized PET comprising a sea component, and N6 comprising an
miisidnd, corhponenttSmekadystoBEsample éxtrmtredealed ahabethw paketiceved.
allpé);;iber in which a number avera%e diameter of the N6 10 islands was

A veeyght ahihe dRey iBaRdO0 graristib e iNshammtaneeasd8yas The 250 g

btajned. Then, crimping.an tting were formed on the polymer .
of B B e e e B RO X Sutomatic

PFENGHN chrddumctifeaboye Ralwmenhal pisfaledhered)) Wedd, and then

subjected to carding and 15 lapping, and then further subjected to needle
sulpentdiniy dtea pugching timested 3500rnkdutes temibto thieiébP ebtaidaand a
clegrogx\;\izoev(e)g 5a2b rrlx(ir\tlavng% lén(i)%\g/ﬁ(iaggéaten fiber, 0.5 g of an anionic dispersant
SHALLOL AN-103P (manufactured by Dai-ichi Kogyo Seiyaku Co., Litd.
molecular weight 10000) 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 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.,

Litd.), to thereby obtain an abrasive cloth in which N6 nanofibers with a unit

weight of 8 g/m? was laminated by using the polyester plain weave fabric as a
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of 450 g/m2 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 20 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
extractgd and then ;analyzed, and consequently it turned qut that a
S B R R aEA B G e 0
and 1022 gtane Wi wasnRregedontedl fingnand @ vaiiation in SR Eness of
fiber fineness was extremely small as shown in Table 1. Subsequently,
thepnhvafibatdanel was pilavided tos 89 thevitinwesercfalorichsusihtiatsheet-like
solid content of the polyvinyl alcohol was 20 wt.% with respect to the
mafipeialin the nonwoven fabric. Furthermore, the nonwoven fabric was

im nated in lution of . polyester/polyether-based polyurethane .
oo DEc ERRATSE Qo IRBAHOBH 5 EoHFBARol A GO e Grined
abi&SRRCUIA NS fIRerRdnd3e Nenw Quem{alys, mah&gﬁ%%t&%&eewg Table
coagulation to thereby obtain an nonwoven fabric composed of the N
1. nanofibers. A surface of the obtained nonwoven fabric was buffed,

pressed, and then rapidly cooled down in a similar manner to the case of
eta 10 thereby obtain an abrasive cloth having a smooth

Ex
B R g ke A e et Y
tha2f i, 1pPlaped abipsive Eﬁ!ﬁ%ﬁ?? A@&fs&ﬂwgggbi”sc F%k%éﬂafgsﬂgé&%ethe

as listed in Table 1. 15 Exarnple”10 A woven aving a wove

fibsteuciure S-plpsasivandliateavingtldamsiyWaiRex weihofvb22cloth was
(yarns/inch) x 130 (yarns/inch) was obtained with the use of N6 having 44

impreg g &4l 5HYEhts dndithe efopblirsgteittpolyether-based polyurethane so

as to contain 30 wt.% in terms of solid content with respect to the fibers in
the abrasive cloth, and then subjected to wet coagulation to thereby obtain a

laminated abrasive cloth composed of the N6 nanofibers and the polyester

plain weave fabric.

The stress at 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/m? 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 listed in Table

1.
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polymer alloy fibers obtained in Example 9 as a warp yarn and a weft yarn
20 respectively. Subsequently, in a similar manner to the case of Example
1, the woven 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 25 rinsed and dried to thereby obtain a
woyen fabyic_abrasive cloth. A cover factor of the woven fabric (warp x
Weﬁﬁ’%%@&@ax 1405. The stress at 10 % elongation of the obtained

brsivo cl . ; . ) .
o e e DL IO TS UIAE W
thanittedliditthat @8 gaude: GelviankNitioHIRGHRED Rptaind ikefb kpiltedo the

fabric having a 5 smooth knitted structure. Subsequently, in a similar
fiberanmer theheabageivk Exntiple Fttbanittes, fathic was imoversedbintica was
% sodium héjroxide solution at 95 C for 1 hour _to thereby hydrolyze

i R AT 90 by TABTBOH B R BE BT ARs dohBerhane so
bri lized wi i id foll d-bv bei 10 i d
oo BP0 BP000KTRIPEL Y S6st 26l 0lowed by being. A0 REed. o

ereby obtaina knit ric abrasi € stress

to Phelppaaiion pldharphtainediairasive eieth anthibed@ NG ressits1gt@dn to

hard disk are as listed in Table 1. Example 12 Melt kneading was
theyelfproidainith trenise e @bt of EBThheving@seth ofidlhewidd6sitp obfibers

120 Pas (262 C and 121.6 sec 1) and a melting point of 225C and 80
angthg BPbEﬂ%%rB}@’éderﬁéﬁEé@with 22 % of 2-ethylhexyl acrylate

(hegeinafter sometimes refer edé[]o as co- %ata n‘%%di temperatur
of 24 u&fftace oﬂ?}e o%scalneétgl rasive C? was ’ef'(c)ﬂ%re Bﬁ l’l(? then

eby obt
In"a similar manner e case of Example ereby obtain a

rafREiyRebRIPYGHIP 18 Hhenidhemaivaetaliny chik wassHBiosed R meleby
obtzpi): glrzl?is;:sive cloth having a smooth surface.

The stress at 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 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
welght-average molecular weight of 120 thousand, a melt viscosity of 30 Pa's
(240 °C and a shear rate of 2432 sec’t), 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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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 25 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 Exam(gle 1. The obtained drawn yarn

thepedy 6 PRt 3¢ Mtanteetghl aF pitRsngtROP S U aN/dreie bh ebngitigityrene

quqﬁﬁg{ ge of 33 %, and U% = 2.0 %. A cross-sectional TEM observation
o}t e obtained polymer alloy fiber exhibited a sea-island structure in

Whigh £0dRSos0 M RHSIRG R ERASOMPeN e AR IRB LA RIising A islande of

component, and revealed that the polymer 5 alloy fiber in which a number
243%esage diambfedtf sheA\RBT islaredt wasosbtpnofatiethe BRET- Isldndsicid at a

were uniformly distributed on nanosize was obtained. Then, crimping and
terppgirag Wer@beridrmiedasrlite Ponwndirdfiop! ibetboseeteppontiinbas. Melt

I R A P 0

poly ap ers{D) wefe Subjected s Catding aid

mdlieR %tﬂﬁfe%mﬁ%t%@i@@e@gwﬂﬂﬁhﬁ@t@wp@ya@ﬁ%@@%oef(éf?éiﬂfnneret

needles /cm2 to thereby obtain a nonwoven fabric with a unit weight o
suffb0egtma paraposediof 15" Golymer alipynhihes gheedosf 326N fatntmwes in a
immersed into trichloroethylene to thereby elute 99 % or more of the 15

stz mpeapRatithacesPs Esampaing théhewbympbrantrrndmwen yarn.

nonwgpven.fabric the PBT. nanafib were, extracted and then
T e e B S S S A B s

peltdvined 2pLthal aRignbaiverRae snole-tiber glamsterigfiieBhes, and a

nanofibers was 50 nm (3 x 10-5 dtex), which was unprecedentedly 20
hedinescanchg tenapieratising® fibér fidehess whndxiremehnemalh the case of
Subsequently, polyvinyl alcohol was provided to the nonwoven fabric

Exagenlthdt toselitren iiepebimes palpvinibeareoies wabvzeentalayithbesderd 70

dtetg, 36 filaments, a strength of 3.4 cN/dtex, an elongation percentage of
38 %, and U% = 0.7 %. A cross-sectional TEM observation of the obtained
polymer alloy fiber exhibited a sea-island structure in which poly-L-lactie
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/m2 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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the fibers in the nonwoven fabric. Furthermore, the nonwoven fabric was
impregnated in DMF solution of 25 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 72 fabric
composed of the PBT nanofibers. A surface of the obtained nonwoven

fabric was buffed, pressed, and then rapidly.cooled down in a similar .
a ma?%&weﬁ&aﬂw%agwﬁﬂ oA AT bFALGRReth acetic

aciﬁ%ﬂgﬁmﬁgfﬁ%ﬁ yﬁg sjress at 10 % elongation, compressive

elasticity ratio S, abrasion resistance coefficient, surface roughness, and

surfaeenhdidnesswbibe pipineshabrasivalclothmiithing Wyiyisgrasus and
of a hard disk are as listed in Table 1. Examples 13, 14, 15, 16, 17, and

thers angaibegshl abrabinenskstiioptsine d wnedmpld Haih ahevcabe of Exarapleingle

13, .in Example 8 in the case qf Example 14, in Example 9 in the case of
fibez digspetes 9 %&ﬁ&@f@ s AP @R Tolth & ey was

le 17, or.j in;the.c 0 mple 18 was
b A B o G By
smélitrile subberiarhbithen pressed and bonded a polyester film with a
thickness of 50 tc in to thereby obtain a bonding type nonwoven fabric

coripbsedwshthly, N®hanofiberlasdiolovas fatoredadd tihe pelyesteofien. fabric
The stress at 10 % elongation, compressive elasticity ratio S, abrasion

suchdbainsebdmmdrntoitre helignneialsphol et e B srtme Suth tsspsgt to
th OB@C'{@S%n@yggg&é%ﬂcfaaﬁ%%the texturing results of a hard disk are as
Gisted'in Table 2" ,

xamples 20, 21, 22, and 23 An abrasive cloth was
obRiaHhéa SiB)ileh AR JORRTHINAS WA SEXAMRIBA J6eB, In 1DMPdseries

11, except that a hydrolytic removal ratio of the
polyester/polyether-based polyurethane so as to contain 30 wt.% in terms of
solid content with respect to the fibers in the nonwoven fabric, and then
subjected to wet coagulation to thereby obtain a nonwoven fabric with a unit
welght of 390 g/m?2 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 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’l) 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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25 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
9in the case of Example 21, in Example 10 in the case of Example 22, or
in Example 73 11 in the case of Example 23 was set to be 50 %. The
stress at 10 % elongation, compressive elasticity ratio S, abrasion
resistance coefficient, surface roughness, and surface hardness of the

setiQ A F AT BB (LB PSS, AT ThedoLAR S C and o
ned | 13 iyt 4, | | in the -
AP S8 e S LSO

maRfRPpiethé thHReotdSeeh Fxamiie L siwamisameiseddp AQovatpeiosd@bited

minutes, and then a hard disk was textured in a state where the
exaedleafibehe veeterssifii erftl 26odkexl WhHahaternTextusirgneshltf df thelN/dtex,
hard disk are shown in Table 4. Corggarative Example 1 A device of

an GO aH Y RRECRLASR P Eig 1696 Itfodudiny Rie- Wik scEafsfectional

iscesity of 150 Pa-s (262 C and 121.6 sec'}and.a melti ing of 220.
gt L R s bl o sty Sl R
strMeWRY RORH A 05 el it MWD PErE WX Hdeh aRd I BHARRAIY, and N6

weighing respective polymers such that a blend ratio of N6 was 20 wt.%
comyagsusedaddhd msppotieaholymbeslyere Reltegimderihd covehfion that

that a 20 temperature in_the twin-screw extruder 21 was set to 260 C.
therpakymen Abmniigstadpirhet MPRivg ANerswesdipmpiselithe N6

.+ the numberspf spinneret of 12..a dischay. ole diameter gf 0.
islanadM"en :ég? SI;HH an ﬁ?}ﬁrﬁgﬁ 1% n(fl%ggre ?ii%%rtﬂou eﬁ in an Iﬂtlt‘% e state

S
mm, an Ccharge gin o mm In a similar manner e

waSasetaffoRMmed. AifefRren 6o AUNSIH 23ERI Gt & SRIB NI PSlymer

device. However, in 25 addition to the fact that blending irregularities were
alldgr diben doat ke pebB arbis ieffectywes cliderwd plledébéire Spinmérkta cut length
of SS]EriIr;lg%Iilr]-ess was poor and a yarn

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 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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was not able to be stably wound, but a small amount of undrawn yarn was
74 obtained and then subjected to drawing and heat treatment in a similar
manner to the case of Example 1, to thereby obtain a drawn yarn with 82
dtex and 12 filaments. During the drawing and heat treatment, a draw ratio
was set to 2.0 times. Then, crimping and cutting were performed on the
fiber 5 to obtain staple fibers composed of N6 and PE with a cut length of

thSHoRe TS ahaIe Saple [pars tore sutleriocio carling 494 aneg. 20

an urther subjecte needie puncning at a puncnin 0]

wt Peealas ripeiothenelyRbiain teWeMelRkliewitl a unit weight of 500

g/m2. The nonwoven fabric was immersed into toluene at 85 C for 1 hour
or Fridregentochire myoekute endaxemowe: 9 1t osgnare o BM Fhelution of
nonwoven fabric, and a honwoven fabric composed of an ultrafine N6

polygpkarpobmsicad> ased RERIE RENgasA Wadesantaen fBWHe dptterats of

nwoyen fahbric and then analyzed, and conseque it was identified
SO A A PUIIG S R ARG i ERE, BPEBD i ey Hoovern
fabSiNGl8 diglinensRR A%y %2 ada1d A dP 3 HENWES RN A honwoven
number average single fiber fineness of the nonwoven fabric was as large
fabag: bond P eiflext (Hirglédfibendifiraeter of 334 ii m), and a variation in
siﬂgle fiber fineness was also large as shown in Figs. 5 and 6.
S

seuriacey ob dihoirmRtainsbmeasoNRId S ¢he apiwdish BiteRsegy and

such that a solid content of the.palyvinyl alcoho] was 20 wt.%,.wjth respect
thegy e A AR dh BTV YR, e HOAREk GFRABRLE b
theféIPreanaied i LRME SRItHion ofnBalesssiROE e Dased
polyurethane so as to contain 30 wt.% in terms of solid content of
polyhecHtases vathli@e Spedt ig thahb exsip theston whuaici2d falptic Santbrasion
then subjected to wet coagulation. Subsequently, a surface of the
reshigates efdeibifianis ButRtepresagbnessd thad rapivigecodied dovss imh the

similar manner to,the case of Example 1, 75 ) X
obtained abeage olo , an &e textgrmg results of a hard disk are as listed

in Table 1.

Example 10

A woven fabric having a woven structure of 5-ply satin and a weaving
density (warp x weft) of 122 (varnsfinch) x 130 (yarns/inch) was obtained
with the use of N6 having 44 dtex and 34 filaments and the doubling 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 woven
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

70



10

15

20

25

to thereby obtain an abrasive cloth having a smooth surface. Texturing
results of a hard disk revealed that the number of scratches was
approximately 2000 scratches, i.e., the number of defects was extremely
large, and electromagnetic conversion characteristics were poor. 5
Comparative Example 2 An abrasive cloth was obtained in a similar
manner to the case of Example 1, except that the punching times of the
needle punching in Example 1 was changed to 100 needles/cm2. The

te%ﬁé@@%ﬁ@f@i%@%ﬁg}a@%cgﬁ%ér@maihéaeéb?as’r@@lﬁ&h was 0.9 10 N/cm
Wi%x,a%d;thilabrasive cloth was too much elongated in the process of
te rd disk, whereby the texturing was not be able to be
SU%@%&%&%&“%@@Q-ﬁ%ﬁ“%%ﬁ&i%ﬁaiﬁ'%%ﬁ@\éﬁ GRORIRIVE with a
Examplés 1 and 2 are as listed in Table 5. 15 Example 28 The conjugate

28 gapiefiiecslsy) bhisinegd indckampte Iwtaia subjettddintedrfliibgiandiving a
lapping, and further needle punching at a punching times of 3500 needles

smegtl ke ibed pjatstaiiaonwoven fabric with a unit weight of 600 g/m2

co sed of the conjugate staple fibers (C). 20 Then, in a similar manner
to (RSP Rt EORH B ARBOEAC (B CA0R ARRBLFiftd Begrpreted
fab3REWAL hughoxide sall onst O, & 06 hDRHEAUNSIRRYVAEAY2€:388 1 hour
remove 99 % or more of a polyester component in the nonwoven fabric,
to einekdheninelisdlizedni reeelie agdiolipwedrbyolfeingolfases antihie@nt in
25 Subsequently, polyvinyl alcohol was provided to the nonwoven fabric
thespenwatendaihy conatormapsiyeinge dleohblasas oo wd JoNdmad dyceeing

ringged FHHALEIRAE (ORI SOleh b B e B
pOWﬁ@@ﬁ@@ssgtaﬂp%oéﬂﬁ{%gﬁo\ﬁt-% iLLeUREhed abrasive cloth and the

texturing results of a hard disk are as listed in Table 1.

Example 12

Melt kneading was performed with the use of 20 wt.% of PBT having a
melt viscosity of 120 Pa's (262 °C and 121.6 sec’D) and a melting point of
225C 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 yvarn had 161 dtex, 36 filaments, a
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solid content of polyurethane with respect to the fibers in the nonwoven
fabric, and then subjected to wet coagulation followed by being buffed in a
5 similar manner to the case of Example 1, to thereby obtain nonwoven
fabric composed of the ultrafine N6 fibers. Also, the water dispersion
obtained in Example 4 was further diluted with water to thereby obtain a
water dispersion having an N6 nanofiber concentration of 0.05 wt.%. The

watey digpersi aving the concentration of 10 0.05 wt.% was sprayed
StreBgT el fr FES Ry ORBAFE RGAGRO0R rbrbb i ASH AL %-

S 0 S A e A

eximaesinhvias diech iolompeby PRt e SseH Qe Fanitineos|esh dempottent,

thereby obtain an abrasive cloth having a smooth surface. Since a 15
anthiE i seoithieisie etlikel avatertahpompus ealrol trevaittafinghhG flioemgolymer
was_500 am and a thickness of the whole abrasive cloth was 530/ in, a

alleyidihesdn Frhacha JHBBYISHATSRER iR NS S, Poshah RS dekandtneas 45

wholg sheet-ljkg-material. As a result. f an, anglysis,only on the N6 .
e P R A A o A O L osize. was

obh Rt P BERaYBTRgeINgle: e R diRMeder AUmPeLAMREAgSlymer alloy

diameter) of the N6 nanofibers was 56 nm (3 x 10-5 dtex), a fineness
fibeatio Wivchlay sihgiarilpel fimenesdopas ap i dibeng 6 WikH 6-8utbléneth-df 51

dtex was 99 %, particularly a single fiber fineness ratio which a single
MIfher diameter was in the range of 55 to 84 nm was 71 %, and 25 a

variation,in single fiber fineness xtremely small as .sh in Table 6.
R e SRR R T e s i e and

Also, a lameter was mor an m

lap¥ass 09k d’ YhEReratrass Al Sa SlP IR CPNRIGS e ¢ 13SHGRY AR Smes
abrasion resistance coefficient, surface roughness, and surface hardness

of B56eneblliscdmapbrasite cibih chndithe teotiwingere Salisiofvai tiaed aisk areight

of gg()lisgt?rgzigo;l;aagéie% of the polymer alloy. Then, the nonwoven fabric was

immersed into trichloroethylene to thereby elute 99 % or more of the

polystyrene resin and co-PS comprising the sea component,

From the nonwoven fabric, only the PBT nanofibers were extracted and
then analyzed in a similar manner to the case of Example 1, and
consequently it turned out that a number average single fiber diameter of
the PBT nanofibers was 50 nm (3 x 10 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 alechol was 20 wt.% with respect to
the fibers in the nonwoven fabrie.

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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5 Production of the nanofiber dispersion liquid used in each examples is
described in the following reference examples. Reference Example 1 Melt
kneading of N6 (20 wt.%) having a melt viscosity of 57 Pa-s (240 C and a
shear rate of 2432 sec') and a melting point of 220 C, and poly-L-lactic 10
acid (optical purity of 99.5 % or more) (80 wt.%) 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 1), and a melting point of 170 C was performed
fabgioegmeased shithiE Riiiegelibekiruding kneader, to thereby obtain a

polymer_alloy chip. Note that the weight-average molecyl ight of
nofs 6 LA SR A WS BRI ea. and
therDRAplANR SQUieRI Sk HhenSarapie; as iaixad with tHEAlstrahyckatuian) 1, to
to prepare a measuring solution. This was measured at 25 C by using the
thegebparbteatiam abramatoglaiihh {GPE)d¥aters2600fammufactured by
Waters Corporation to thereby obtain the weight-average molecular )
welght SEpI§stird A2 G loagabient: IPPaRrAGSH cadtrsitigisy ol O e agion
temperatureﬁ:l‘ 2621;C and, a shear r?atg of 121.%sec' was 53 Pa:ss. Also,fat][l
reSiR AR c SO pON RISt BRSO teMier AR G 218TERGT a0 the
obt3hR8H 2850512 19:2RC n W3R BecR e ik HBSHMOTSs & KALAING CORALIORsted
for the melt kneading at this time was as follows. 25 Polymer feeding: N6
in Bablednolymerized PET were independently weighed and then separately
fed into the kneader. Screw type: one-direction fully interlocking double

L/ ~ d on the. discharge side of
PR ES (10 BrLT Earh oF SRTe, Qi e L Eae Ty 18
n Eﬁ&ﬁ%i@%ﬁﬁ fhedaly HFEQQHYp@QiM’,V &R E}Eﬁ%‘f)@ 338 &@JQ&@FEQQmpIe

section,
15, in Example 10 in the case of Example 16, in Example 11 in the case of

Example 17, or in Example 12 in the case of Example 18 was applied on its
back surface with an adhesive mainly composed of NBR (nitrile rubber) and
then pressed and bonded a polyester film with a thickness of 50 tm to
thereby obtain a bonding type nonwoven fabric composed 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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and then introduced to the spin block with a spinning temperature of 230
C. Then, the molten polymer alloy was filtered through a metallic
nonwoven fabric having a maximum penetration particle size of 15 U in,
and then melt 10 spinning was performed from a spinneret at a spinneret
surface temperature of 215 C. During the melt spinning, the spinneret
having a spinneret hole diameter of 0.3 mm and a hole length of 0.55 mm
effect was hardly gbserved. Also, during the melt

d, B
1 g&%ﬁﬁig@%@a&?gﬁ?ﬁ%gfﬁrﬁédﬁ?ﬁﬁ%ﬁ% hoe4s set to 0.94 g/minute.

F”%%r@&%%sa?qiﬁté%e %Ot{gajt?o%lo%er suface ofthe SRINNerelia &y rasion

starting point of cooling (an tpper én oFae imney Was 9 e A

resHaRRAEICDYEBINES CoRIgsand soliiitiedsovend iIRuMita 0aINgal of the
having a temperature of 20 C, oiled at an oiling guide placed 1.8 in below

obtthmegdinheretvand dhienandurie ttesughnmbestds frSh haddsdodndtakes ligted

. rollers. Subsequently, drawing and heat treatment of the 20 wound yarn

n M%gﬁormed under the condition that the temperature of a first hot

roller was 90 the.tem ture of a second hot roller was 130 C.
Duﬁxa ? s%f% o7 tio between the first and second hot
roliptse Wikt 2610 dict HBBEafve PRIARSY MahTes oy HRele>h¥ietmple 24,
excellent characteristics of 62 dtex, 36 filaments, a strength of 3.4

n divaiter]25 dnelshgatiesepefcEntage laf 28 Y% nalik4ple 015 %n Alse, @éase of
cross-sectional TEM observation of the obtained polymer alloy fiber

Exapiietfa Seabistarmadedirindvingpas ek Exmisorent tormgosemersed in

oly:L-lagtic acid and an ,79 island nent composed of N6, and also
e B R S A e R e SR R AR BERS the
naHbARGR & BrmharRYSIeECCHame B i (et BIapds NeF R AT Ak hard
the N6 were dispersed in an ultrafine state. 5 The obtained polymer alloy
disliberardsoimmmier$xdietd.a 5 % sodium hydroxide solution at 95 C for 1
hour to thereby hydrolyze and remove 99 % or more of a poly-Llactic acid
Heetng alloy fiber, and then neutralized with acetic

amg ]ZPAI\%\évee gtb %1’?1% g%suetiiigg ?sdsﬂleodv’v}?iw%r{agp)ﬁo for introducing NG with

a melt viscosity of 150 Pa-s (262 °C and 121.6 sec’)) and a melting point of 220

°C and PE with a melt viscosity 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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obtain a fiber bundle composed of N6 nanofibers. As a result of analyzing
10 the obtained nanofibers through a TEM photograph, the number
average diameter of the N6 nanofibers was 60nm, which was
unprecedently fine, a fiber ratio having a single fiber diameter more than
100nm was 0%. The obtained fiber bundle composed of the N6
nanofibers was cut into a piece with a length of 2 mm to thereby obtain a

cut fiaer composed of the N6 15 panofiber. ZilQOf water and 30 g of the |
oD GBREoR 5 RPESHF ‘680‘?’?133"11"&@1 thRBar i RAGEAMEE: BetiBtilar
ma(m%@“{éqﬂﬁe%a% T%e3 ‘§ies?'sﬁk“ﬂ%'%%bﬁzt%ﬁtéﬁ‘ﬁ”ap&%'é%'ﬁ‘?xl%e%#ﬁ 82

was performe r 5 minute subsequent y’'excess water was extracted,

dteanghifel BoeTamasiglrbveth AtNeiiiwhibe fldeh vas 250 8 8l BSdraw ratio
moisture content was 88 wt.%. The 250 20 g of the fiber in the moisture

wastaed twag.Qitenths Aifbegeckinip arg andmatic Ry end pednufaetuoadhy fiber
Kumagai Riki Kogyo Co., Ltd.é, and then _subjected to beating for 6

to ahtriestapls Sthgh sammmose Brof38 A Aituithenrndentidq rhith mmp.
h fiber, O f ionic di SHALLO -103P
% chiie BT (AR08 TS 8 WL AL MATRE: ana

(manufactured by Dai-i yo Selya

fur?RE50H R WRter WesaIa ARRa AL FUXERMX -3 of 2000 needles

(manufactured by Matsushita Electric Industrial Co., Ltd.), and then stirred
/cnfd 8@ Imirkte s bdhe rebyvebtain fah N6 wartofiben idispa o o fi§0il gfitt? an
80 N6 nanofiber content of 0.1 wt.%. A zeta potential of the nanofiber in

theT BRPERIBAIGUIARTAS W5 Horresreft it EoaRse atvialt knitaingour or

was performed in a similar, manner tq,the case of 5 Refgrence Example 1
o B e e e S R A v
fabheVing @ Q‘EHMWFJ{H@&é’olﬁy?b%é@@%ﬁﬁﬂﬂﬁéﬁﬁ@%@%@%l@&g@%@&imd.

1) and a melting point of 220 C, to obtain a polymer alloy chip. Then, in a
Theimitanfnan et iatinewas e xifrRefedeiroebtamyiieain ddvasn sulsjieatéhbide and

melt spinning and drawing and heat treatment to thereby 10 obtain a

thegygrielyardy st comeesbianidy pbiyraer drtiiied dhfbirey ultrafine yarn

having a single fiber diameter of 100 nm to 1 « m (single fiber fineness of 9 x
105 to 9 x 103 dtex) was formed. A number average single fiber fineness of
the nonwoven fabric was as large as 1 x 103 dtex (single fiber diameter of 334
/£ m), and a variation in single fiber fineness was also large as shown in Figs.
5 and 6.

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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excellent characteristics of 67 dtex, 36 filaments, a strength of 3.6

cN/dtex, an elongation percentage of 40 %, and U% = 0.7 %. Also, similar
to Reference Example 1, a cross-sectional TEM observation of the
obtained polymer alloy fiber exhibited a sea-island structure having a sea
component composed of 15 poly-L-lactic acid and an island component
composed of N6, and the polymer alloy fiber in which a number average

ﬂ}igm ter of the islands N6 w éjlo%nm and the N6 werge dispersed in an
t0 {PERRE QPR AR BEAHEE, AL BN bORHHRILB s teated in a
f;g%ﬁﬂ@%efégéﬂds GRACHORARIEVCERIAARE the AR A (UG Slches

L-lactic acid component e polymer alloy fiber was
wabyshphbaadaneliesnonessandiben ibe teaainnppaynef-alowiikes wasmely
neutralized with acetic acid followed by being rinsed and dried, to thereby

largbtaind ¢leetisunsnetin posedrsiNGeinarufibersiios warsphof an

a neBEARE e tad of the N6 25 nanofibers was 120 nm, which
was unpyecedent fine, a fiber.ratip having:.a.single fiher diamete
i B0 et D, R Het oo JAURMD APGREIS g case of

Exfiaprie] mogedhan R AR Wasrdfin8lIhe obiaingd fihes Mdndi@nching in
composed of the N6 nanofibers was cut into a piece with a length of 2
Example thevebybbtaiadtn i0érnetdhesMiAanofibers. The obtained cut
fibers were subjectedoto preliminary beating in a simjlar manner to the

casehsr RefsfeRte ExdnirneaidBbeii ke htinsdralrasys Metsures 0.9

cont f 88 wit.%, then further subjected to beating in_a,similar..man
N s Y P R e ST ot

te;&ﬁiﬂﬂg @%%V%QHS&%E,L%%%Q%B&”@%@QHEQ@Q Q@H_@@ KB 0o be
Seiyaku Co., Ltd., molecular weight of 10000) as a dispersant in a similar

sucoesuiatiy phefomsedf Reference Example 1, to obtain N6 nanofiber 10

disgeﬁrsion liquid with an N6 nanofiber content of 0.1 wt.%. Reference

ExARPIELS MERKEIERG (hes Pertsnhempiratize Examgss basdpigre as
. h%ving,la
listed 1n”Table 5.

Example 28

The conjugate staple fibers (C) obtained in Example 3 were subjected to
carding and lapping, and further needle punching at a punching times of
3500 needles /cm? to thereby obtain nonwoven fabric with a unit weight of
600 g/m? 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 polyester component in
the nonwoven fabric, and then neutralized with acetic acid followed by being
rinsed and dried.

Subsequently, polyvinyl aleochol 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.
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melt viscosity of 120 Pas (262 C and 121.6 see-) and a melting point of
225C and 80 wt.% of polystyrene copolymerized with 22 % of 2-ethylhexyl
15 acrylate (PS) at a kneading temperature of 240 C in a similar manner
to the case of Reference Example 1, to thereby obtain a polymer alloy
chip. Note that the copolymerized PS had a melt viscosity of 140 Pas at
262 C and 121.6 sec i, and that of 60 Pa-s at 245 C and 1216 see -3.

Then, the polymer alloy chip was subjected o melt spinnjng at o. .
m tﬂrg}'i'%@mﬁarsmed%%w?a GG 28 maem@%&@?ﬁmmn of

t f innj i '
P B S e ra s of
sol fPiBGHEGnd SHPRiRiratiehywas froyided &t 80 YRPERpar qhitsltisebargeven

hole with a weighing section having a diameter of 0.3 mm, and had a 25
fabdiscardethete slidpested dfc0WathnpagdlatiscHalysviedidiehgingfimfed in a

. mm was used. Spinnability was good, and the number of yarn breakages

sinplay PeRngiRAmEhR£ash oL BRatnp i d e tRprehngbirds aorgeven fabric

amount fera 8 sinﬁle as set to 1.0 g/minute. The obtained
Comu%%ggvﬁ%géﬁ %%écgasu ejltﬁ%\zgﬁgrgfawing and heat treatment at a drawing
tempgratilie ofa9 GisFediayn raleghedt Mlimesnand a head $8lHAGr diluted
temperature of 115 C in a similar manner to the case of Reference
withxsrapie ToTteoblaindd dmmvan G afzm GaghdGiotela8tiicaneiNs, aanofiber
strength_of 1.4 cN/dtex, an elongation percentage of 33 %, and U% = 2.0

congericyHen SEQibRay Fm DR Sa4eib A P tRE BB taEa hbRseransy s of
o.o%@ﬁ%%%i%%‘@%’&fﬁ%‘“re rtdeh Ay 89%"e;§§{ggggedo°fwoven

1?195
Ccopo an i1sland componen ose na the

fab_@ﬂ%ﬂ%éﬁ{w ﬁQ%@h‘ﬁiBi‘fEdadﬁﬂ_V@%%@&?ylfbﬁ@fﬁﬁt%@fﬂﬁﬁcﬁﬁﬁr layer
islands was 70 nm and the PBT islands were uniformly dispersed on

ontoanadizetnidscoltatnech] Toamy thedbfaiheduybolyfinee Mo \fihees wasd then the
immersed into trichloroethylene to thereby elute 99 % or more of

formssbiymdaried Peicampsiry erede e diapenditefshgnerdy dridly cooled

dovgg?got %Itlg%%?yo%l%taaiiﬂ Sn abrasive cloth having a smooth surface. Since a
thickness of the sheet-like material composed of the ultrafine N6 fibers was
500 um and a thickness of the whole abrasive cloth was 530 ¢ m, a
thickness of the nanofiber laminated layer was 5.7 % with respect to the
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 108 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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15 fiber bundle composed of PBT 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 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 20 100 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 .

obHR AR 0Tkl PEEP ST S U ol B L HERHE Gucrh b asion
restHRIGEIECLIR BEElMINay REAING I, Ay sioullar MAnner 1e,ie 6358 98ss of the

Reterence Example 1, to obtain PBT 25 nanofibers with a moisture
obiaRtehhbl-86ive Yy tén)ch e thiv sheansibiected i deatng-ihddinitaras listed

~manner to the case of Reference Example 1. Subsequently, 2.5 g of the
in Behterbfibers, 0.5 g of a nonionic dispersant 83 NOIGEN EA-87

(manufactured by Dai-ichi KQgyo Seiyaku Cq,, Ltd., malecular weight of. .
10%66&%%%%%@5&% %%%%?%&%P\ilé’é*%aﬁé%é& hgpmples is
jrred,f i | iber dispersion liquid with a
de%&%?%%ﬁ%ﬁ g:m&ig@%%? g%ﬁ;g%g aR%g;Befr)‘{agr?lce Example 4 Melt kneading

of REfe(palydrimeathueeq terephthalate) having a melt viscosity of 220
Pas (262 C and 121.6 see-) and a melting point of 225 C and

copdiitnkrizedins ¢pofpstifows) P Esayias: kSIS isopoiyneédzeBanith240 °C
thyl th lat It vi ity of 110 Pass at 262 C and 121. o
and AR RRACR Bh BYITON SLFCREHREIR A A et el ar dectic
. ' t f 24 h it I
aciff NIRRT IS £90 o ARE ROTAT I AT & WRERE 8 Race

mddbiai R Relyhe baliaochiBubioid thaiibe GapehymeriAesPRahadacelt and a
viscosity of 76 Pass at 245 C and 1216 sec 1. 15 Then, the polymer alloy
shehipatasc i8St eddd meltlspinmitigre pomelihd WorfPeratreoiozen:d ad 220

spinning temperature of 260 C (s(:{),inneret .
°C by using the twin-screw extruding kneader, 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
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-L-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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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
20 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.

Sy s Jogd Ocing ALTRer OLYBID JreRkAGS oL A 1) — 45

spinning was once. During thie melt spinni scharge amoun

singleyRaleWAR REINSIBAR 40 h9a{BIRE. tHaeRIAINGA UndraWa YRRt one

was subjected to drawing at a draw ratio of 2.6 times in a 90 C hot water
thibdthf #heroffscttotiboagilEM thsemation of the obtained drawn yarn

exhibited a sea-island structure 84 having a sea component composed of

cOpaRRRBAREE P22 an island component composed of PTT, and the
%r alloy fiber in which a number average diameter of the PTT

Y
iS?éL. %,§’§’ $im and the PTT islands were uniformly dispersed on

namﬂz?ﬁ@ﬁ%%ﬁ%@ﬂﬁ‘@z@&é@ﬁ%% hlagr-e: {ABRSH Al Fud Uetion,

a strength o dtex, and an elongation percentage of 25 %. Then,
anththehbtaineddinlythar dieyfihebiwak rethed épmainiaempangtute 230 °C.
case of Reference Example 3, to thereby elute 99 % or more of the PS

Thesmbaneneltetmapbiypssr dliley fives, fdlioveed thy tesky aireatel Brersayvoven

;. b1O btain a fiber bundle comgosetd of PT%.nlanofiberg. ﬁ\s a result cg&ﬁn 1

A AR AT IS A AR BOHAE ShHEIGH & FERT BridtSathoR, itinBgibftamelt

spid BHIBREL S RITdRBSIE LLIA Tl 4t AP IDGES AT 98,20 WBIGR HaBure
unprecedentedly fine, a fiber ratio having a single fiber diameter more

of EN°CODumngash2 %cdndm tihaigathd apingarsindlefiber digmetairet hole
more than 15 100nmwas 3%. The obtained fiber bundle composed of the

diapyeteranbitbersmmend:t iteols gravethiitd #18agmmafwanmsedherdya Barus
obtain cut fibers of the PT nofibers. The obtained cut fibers were,
eff%ﬂbjg&%(h%rgﬁér”&ﬁ)ﬁgw%%a §qn during the meft spinning, a gmcharge
amount per one hole was set to 0.94 g/minute. Furthermore, a distance from
a lower surface of the spinneret to a starting point of cooling (an upper end of
a chimney) was 9 em. A discharged yarn was cooled and solidified over 1 m
with a cooling air having a temperature of 20 °C, oiled at an oiling guide
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 ¢N/dtex,
an elongation percentage 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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a similar manner to the case of Reference Example 1, to obtain PTT 20
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
NOIGEN EA-87 (manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.,
molecular weight of 10000) as a dispersant, and 500 g of water were 25

. v arranged, and then stirred, fo minutes to obtain a,.PTT nanofiber

i e R e ROt RS ahiamer oy

fib&}arues grMaltipaading Wes RerRIMeRd InA SIMilah ManngniR e verage

case of Reference Example 1, except that N6 in Reference Example 1

diawssteepidode BYSPRInodypropy|&heh(R3 addo)hang) weneldviseasitd oh an
350 Pas (220 C and 121.6 sec -1) and a melting point of 162 C, to obtain
ultzadBonsbitalioy chip. 5 In addition, a melt viscosity of poly-L-lactic acid at

22 121. - 7 Pa-s. Then, th I Aall i )
e PR TN Doy iEE (A QPR BrDABE: & Bohespglivm
hy dSHRRELALHIE95R3Q S spi rmprfmwffe&%ﬁspéra?fﬁw@o@{(%aﬁ,1%%% 99 %

spinning speed of 900 m/minute in a similar manner to the case of

or ieferefiaepbiaiiite: ficRuithgohe oreih i Orspirnirdy m diseasoA AWM then
per one hole was set to 1.5 g/minute. Subsequently, the obtained
neyfxalaied yﬁtﬂm@ww@e@egwmmh@ hathgetin sashanehtatest dtawihgreby

t 1 f90.C, ad ti i , d heat settj .
o I BaAls BRI N REPRTTE ol P R SRt analyzing
theESAMRR - &énmgpgaﬂ'ﬂ?%%%ym@%m% %@@i{p %Sﬁqmﬁ%@ gv%orage

sodium hydroxide solution C for 1 hour tothereby hydrolyze an

diateeteveciIBe NoemeradilapolrislaticacidicRhpeaeniipibesdetherfine, a
alloy fiber, and then neutralized with acetic acid followed by being rinsed
fibengatiiedaviterepynskadiberfidtrbatetacorapdrod dPPPmaratidils. The

obtgﬁ%%égfé%éfoﬁfan Zl sisﬂ%ré{%) é%?ﬁ%%? uplglg(}t %llj'g hvv%t;‘,r%lt\z/lt mto a piece
with a length of 2 mm to thereby obtain a cut fiber composed of the N6
nanofiber. 23 L of water and 30 g of the obtained cut fiber were arranged in a
TAPPI standard Niagara test beater (manufactured 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
weilght 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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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 piece with a
length of 2 mm to thereby obtain cut fibers of the PP nanofibers. 25 The
obtained cut fibers were subjected to preliminary beating in a similar
manner to the case of Reference Example 1, to obtain PP nanofibers with

a_moisture content of t.%,.,and then further subjected to beating in.a
VoG Ol 1h st e SRR E T RAROR e
disPkithehgateniiRersPmg of a nonionic dispersant NOIGEN EA-87
manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd., molecular weight of
100eMasacdibpensalat, 2and 500 g of water were arranged, and then
stirred 5 for 30 minutes to obtain a PP nanofiber dispersion liquid with a

PPRMlfofmen digigentast oarformekdieran carmilam srapesidép thee case of

dition,that PBT, used i f .E le 3 I by PP
Re{(3R0h MSHEe e AARHIE B TG B IS e BoGS O bt TD e ghled
by HASTEH/a% 9pFaIneEhD 2 S NARNGT 4p 316 GRS @é@f‘@%&&?%&‘ﬁ%‘%me

3. As a result of an analysis on the fiber bundle through a TE
of PD®gERPN, dntdrmeddatinhatAanusfEseierageodiametenoliredrRlloy chip.
ultrafine fibers was 600 nm. The obtained fiber bundle composed of the
Thep urraingmblas wearaar 1® itleca gieecofithefderign Jfzampleo 1, it was
therehy obtain.cut fibers of the PP, ultrafine fibers. The obtained cut fibers
sl ted, e diedino BFRHIRAAR DLty % B Ach FAArHER IR A elBpreby

ere torRhtair 2P e fi ith [ hibit

Eﬂ%(%c{)alr{1teﬁn?)gi;EI %ﬁgﬁ%ﬁ%&d then f%e?%ggigge%}eﬁ%%%ﬁiﬁglwaﬁs%%aﬁx ibited

exddidanecinhecasa ol Réferedees soplen e A0: Subseguglyo 206 @f/dtex,
the beaten fibers, 0.5 g of a nonionic dispersant NOIGEN EA-87

an gharggbicneer bsrbagichl K8dgoeldku+8.7 X Alslebuidankidheisirence

100Q0) as a dispersant, a 0. g of water, wer )
Examp e)l, a crosg'sectionaridl‘iQM %bservatlon 0% the obtained polymer alloy

fiber exhibited a sea-island structure having a sea component composed of
poly-L-lactic acid and an island component composed of N6, and the polymer
alloy fiber in which a number average diameter of the islands N6 was 110 nm,
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-L-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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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.%. 25
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 87 respectively, a sea-island ratio was 50:50, the
number of islands was 36, and a spinning speed was 1300.m/minute, and
then drawn at a draw ratio of 3.0 times,_to thereby obtain a drawn yarn

corhpsRRfarpe Hhat Anrdic reed oser i Bl aoRf R etfdha 4 into a
. i . ined ;
ple“éﬂe“ﬁ%é’ieﬁ”@%ﬁ gerﬂn}*%% S O%Qé?ﬂv&%aﬁg%%ﬁfﬁﬁt%%t%eng bers.

similarmann case of Reference Example ereby elu
Th¥o M1t R SrsARRRNERh|B e %@%@ﬁ%%fﬁ@e{tﬁﬂé%ﬁ% B¥nilar
being dried to thereby obtain a PET ultrafine fiber bundle with a fiber
meadiameter tdfc2case thEafteined PEImylimfinedibbrimndlé was«fibértowith a
piece with a length of 2 mm to thereby 10 obtain cut fibers of the PET

MOgHaTRA S MMETRt PhSBLHIed haribarshpersubinsdete tbystemainarg sinilar

beatinﬁ [ 2 similar rtn%%?er to th%case ?f I?ei;g_;)?c? Ex(gr‘r)&p%ﬁl ]ﬂ’g obtai
ABRTlafie FHErS With & horstura Tontent o WEYE,CAnd thet furdig ot an
aniHRIC RS I LEARGHRA RSN aA RIS A0S (856 QfREISTENELichi Kogyo
Example 1. Subsequently, 2.0 g of the beaten fibers, 0.5 g of a 15
Seiyarkian@odidpitsamoNOUEENEART (HhaooiauehbiiBeiishhiKdgya similar
Seiyaku Co., Ltd., molecular weight of 10000) as a dispersant, and 500 g
magmertée widte sRangell, Baleneasstikeaminlso tirdigeshitrébtaifa paoiiber
._ultrafine fiber. dispersion.liquid with, a PET ultrafine. fiper cgntent of 0.1 wit.
i SR o B AR A N SRR o Horaion i
wag oftained in.asiplilas manner to the case of Reference Example 1,
except that when'the N6 nanofiber was stirred with the fiber mixer
MXvEc10 K finadiife chure g dafoMatslishith Hhectrie mtiRSthal @of PBT having a

shown in Reference Example 1, a
melt viscosity of 120 Pa-s (262 °C and 121.6 sec’’) and a melting point of

225C and 80 wt.% of polystyrene copolymerized with 22 % of 2-ethylhexyl
acrylate (PS) at a kneading temperature of 240 °C in a similar manner to the
case of Reference Example 1, to thereby obtain a polymer alloy chip. Note
that the copolymerized PS had a melt viscosity of 140 Pa-s at 262 °C and
121.6 sec’l, and that of 60 Pa's at 245 °C and 1216 sec’l.

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
gsimilar 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 é 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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25 dispersant was not used. A zeta potential of the nanofiber in the
dispersion liquid was -14 mV. Reference Example 9 88 Melt kneading of
PET having a melt viscosity of 280 Pa-s (300 C and 1216 see-') and
polyphenylene sulfide (PPS) having a melt viscosity of 160 Pa-s (300 C
and 1216 secs) was performed by using a twin-screw extruding kneader
under the following condition such that contents of PET and PPS 5 were

S A Sl R e R A BN adb P s
susgaéeiemé&amﬁﬁ%%ﬁﬁé%wé%ﬁéﬁt AR %%%%%R@véa%gg&g@ﬂ 00 °C,

% of a screw 10 effective length. The kneading section

a dleconesitraitd dvetithesyvhale scievut Thetenr adbackinysestions.°C in a
_ Polymer feeding: PPS and PET were independently weighed and then 15
sirgdparamanied iittd e tarsacérReémpecatiaasnoc 1.VEhe NbbelBde drawn

I loy_chi tained in this reference example was led to a ,
ol B TRLCHTE SHO AT RS AR ATo S 1 B longation

| d GuspPiNNiNgruring-the spinning. Innin ure ..
P e en Sl ooy o T AT eE b Facion of

thaneliatlimpanysyairfablisyhAving exigxtednm Reackniion paislesiza Hfing a
15 am, melt spinning was performed from a spinneret with a spinneret
seasUfaeR IR MPe cammeost 2 9efCropripimeetizat ek Spiningra Eam@reomponent

oIS BN pper e o dhane e L e
diIAPEYr L BB L YARLSE s A6 W ARG 188 PBT islands were uniformly
dispersed on nanosize was obtained.

Then, the obtained polymer alloy fiber was immersed into
trichloroethylene to thereby elute 99 % or more 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 bundle 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 fibers 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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melt spinning, a discharge amount for a single hole was set to 1.1
g/minute. 89 Furthermore, a distance from a lower surface of the
spinneret to a starting point of cooling was 7.5 cm. A discharged yarn was
cooled and solidified over 1 in with a cooling air having a temperature of
20 C, oiled with process oil mainly composed of alkyl acid ester, and then
wound through unheated first 5 and second take-up rollers at a rate of

R R
mo@é@%‘!gg %&gﬁ@%ﬁeﬁ%ﬁﬁ 047&2%& Eggréﬁ}ﬁ‘é,wﬁ&’%ﬁg’g}%k; ngetdiewere

ondition that'a temperature o t rollerwas 100

arit@MRLYAHIRI0k RS Cone-BYt folepWam £3Qtes RYripptidthe tEEBIMeNinofiber
the draw ratio between the first and second hot rollers was setto 3.3

disgrersgoRHaubdaindd poRienakoyfilibecexiititedf ékdelérté. characteristics
of 400, dtex, 240 filaments, a strength of 4.4 cN/dtex, an elongation
- LRIRCEEIHAARDARE U% = 1.3 %. Also, a cross-sectional TEM
obseryation of,the ohtaj mer al iber reve that RRS as
e naue 0 P RN AIREE TYERSR ARG TARRe o melt

visdbiegrsean @ B, s Whish wag:aiseapaluaen Alse. ARalysindaswits off 225 °C

circle- equivalent diameters of the islands with image analysis software
andviNnROOEcreved| 8 (palwriaverahé Histnetecd K 18andsobas G5 7w, with
and_the polymer alloy fiber in which the PPS was di?ﬁrsed in an ultrafine

meghyl RashsmaTIREe: et Siseited PobeF A pitdanis ifetddd sec?
[ % [ hydroxi [t 9 f hereb
ma'h%%r% éureaog)'umggoggxg%gf 0 @ID‘.” i@&“@%@rﬁqg%e Sned at a

yze and remo Yo Of MOTE 0 ¢omponenti polymer

knédauibesnanck tendepatived with A¢alicaciditohavwgd by Peingdisebf 25

and dried, to thereby obtain a fiber bundle composed of PPS nanofibers.
wtAG anesuitwfi by analysis o thieefibas® ob edie chreuflxardidM 1, to thereby
photograph, it turned out that a number average diameter of the PPS

obtaaRoRbBAIRET6BLIT, WirhliRiS e dbte Atanlymrrizady B dagiomelt
visBouify & F8PS 1O SE ST 1000 nm was 0 %. 90

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 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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The obtained fiber bundle composed of the N6 nanofibers was cut into a

piece with a length of 3 mm to thereby obtain cut fibers of the PPS

nanofibers. The obtained cut fibers were subjected to preliminary beating

in a similar manner to the case of Reference Example 1, to obtain PPS 5

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
hayogGENEA SRIREHITACEORRBY Dl cHRIgRrsEakE Boandg an island

molecular weight of 1 as ispersant, and.50 of water were 10
o SRR RN Shrel1ch o i HOS St Dt RS Dtmber

avéliSRETaR I yriiha BRE nanaikersmenhol Ol ik RPIeienaeds were
Examples 10 and 11 An N6 nanofiber dispersion liquid with an N6

unifanefipaticppientiofd tantdzwasiebibineddd. aldisvilahmanmnérdaihgle fiber
case of Reference Example 1, 15 except that a cut length of the N6
fingaersfipéowhd®s mstinugsicaid of Refdtencarkamsitonsaten. pereamiage
f %&fgase of Reference Example 11. Examples 29 to 33 and Comparative
o tnples 3 and 4 The nanofiber dispersion liquids obtained in Reference

ExaRleS i b A 525553 RIS b0 RdERPREWEMAY MGnner

ultrafine fiber 20 dispersion liquids obtained in Reference Examples 6 and

to fhin ¢heccapEeircntepBrathg lexanmplebcdnd A liesEEtvely were difuled PS
to 1/10 with water (fiber content of 0.01 wt.% in each of the dispersion

comqgmg;gtahd tb@n@d&w m?écmﬁsﬁbastoﬁom@msimkas peursddriedae thereby
o A B g AR i B L AR i
on gﬂ‘g%@'p%q{nT(ﬁé%Wﬁz?ﬁ’M')pﬁgggggrag‘ﬁb igh i5.alse aﬁ%ﬁa&'taalfﬁﬂﬁlber

iber nonwoven fabric, and dried at 40 C 0 minutes. As a result o

avéigesvatiomeftits suffackdhroddh anamblibbetogrand, B itnmas idehidliedwas
that fine nanofibers were spread in a mesh-like form between thick fibers

unprenpdeitig e Sormus Bhpboatanb menspdisnmecfbet diameter more than

200 nm was 0 %, and a fiber ratio having a single fiber diameter more than
100 nm was 3 %.

The obtained fiber bundle composed of the PTT nanofibers was cut into
a piece with a length of 2 mm to thereby obtain cut fibers of the 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 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
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 fo obtain a PTT nanofiber
dispersion liquid with a PTT nanofiber content of 0.1 wt.%.

Reference Example 5
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7.3 g in, in each of Examples 29 to 33 where the dispersion liquids in
Reference Examples 1 to 5 were respectively used. Fig. 11 shows the 5
observation result of a surface of a nanofiber structure obtained in
Example 29 through SEM, and it turned out that there were parts where
the nanofibers were subjected to a single fiber dispersion to form the
mesh-like structure, as well as parts where a plurality of the nanofibers
Were%%grtially connected to form the mesh-like structure. Also, pore

diaMieterS AT AHanE) WashDELMRGUIE worS MRS AR In thet hengass of
00 nmio 3 .,uin. It was also,identified that.the nangfibers e also
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dispersion liquids in Reference Examples 6 and 7 were 15 respectively
andide, SineeNikard were ot spificientyl 6 € srdointerebatpalgmehahl tyeghip.
were beaten, aggregated materials composed of fibers were attached as

In pilditien thensléshisesisiaérdiladacsicanitbataNSoank 1 ibdsec’ was

lygged,the atomizer.and spraying.was difficult. . Example 34 20 The .
10D Lo RIS 2P Eorm B o hiel fp poine ac o
me mgi%éﬂlfi&&%@ta?%%?&egﬂﬁmiﬁweqﬁwg&%%@f@w@@ (spinneret
Example 1 and diluted to 1/100 with water (nanofiber content of 0.001
sunid b )idnlloyvaduby sfj@dézian), of eacesp hanefibepdishefstiv ligufidinute in a
_ attached to the support by using a mangle, and then dried at 60 C for 1
SINHeRR teHRYEBy fenidee eass ditpBrirentediimaapplobtainl iyt fibee melt
.Structure. A esult of obseryation of its surface and in%idg th.l’OEL)Jgh SEM
e was se O .

SplBﬁb?@graf’ph %%: eldé'ﬁrl’iﬂlelatthgfe fin@Hanofiterd ¥eré Spread’in ag/mmute.
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porous support and having diameters of 7.3 gin, on the surface and inside

treatithenmanodiden stiugtteen phsavesulf 60cHSendation ftitefieghtlikes, and a
structure, it turned out that there were parts where the nanofibers were
heafispettiogitenisgrttiver efaladth °C in a similar manner to the case of

Reference Example 1.

The obtained polymer alloy fiber was immersed into a 5 % sodium
hydroxide solution at 98 °C for 1 hour to thereby hydrolyze and remove 99 %
or more of a poly-L-lactic acid 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 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
piece with a length of 2 mm to thereby obtain cut fibers of the PP nanofibers.
The obtained cut fibers were subjected 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 to beating in a
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5 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 60 nmto 1.5 itin. It was also identified that the nanofibers were also
bonded to the fibers comprising the support in a similar form. 10 Example
35 The N6 nanofiber dispersion liquid, which was obtained in Reference

. Example 1 and adgded with 1 wt.% thickner CELLOGEN F-SL
sl dRaatbrec by B A bt SEak Com A e aHBABGH EBHer & & of
thed-holt0): WRSE0aeq orto fhe porghs;sipporiusednexanpiesh il | EA-87
g/cm2, and 15 then dried at 60 C for 1 hour to thereby remove a
(m SispRiEiaredasium g ho biRiawo NS afillen SCuGtUred Asngolesulizef weight of

observation of its surface through a SEM photograph, it was identified
106A8! fiseandiipfivermivera d pred dinfavateshwikeefemmabasve emthitheibetirred

comprising the porous sypport and haying diame ersﬂ&:&?.:ﬂ -iin. As a
for A TBEBS AR b ESTARET B SRR ke b Rrber
copSte %fe\()tsl%e(?e the nanofibers were dispersed in a single fiber state to
orm the mesh-like structure, as well as parts where a plurality of
namefibes s suers PRy connected to form the mesh-like structure. Also,
due to the higher nanofiber content in the nanofiber dispersion liquid, an
amdudeof the nenuolisers whstaldB Tantsdde 25 diefefibecs Wexe wpiterrdlywas
laminated, and therefqre pore diameters.in the mesh-like structure were

reriipase R dd o BeETRewhramble raidRaPyRdle fopRosrs of PP
ultqua%ﬂ%'.%tehraﬁ wa?sng@t%fi?é@ ¥¥1e;::1e %%g)g? qg?}%?%% tPot ef '%g@ ?f Reference

comprising the support. 'Example staple fibers with a single yarn
Ex{ngness oAd.g desulrese subiaciersio SArdH heklarniate aRddhen a TEM
further subjected to needle punching at a 5 punching times of 500
phoeetigsicm? touhesdbyabtahma PP mombevea fabaigavithaanatitveifHthef PP

240 g/m2. 500 g of the N6 nanofiber dispersion liquid
ultrafine fibers was 600 nm.

The obtained fiber bundle composed of the PP ultrafine fibers was cut
into a pilece with a length of 2 mm to thereby obtain cut fibers of the PP
ultrafine fibers. The obtained cut fibers were subjected to preliminary
beating in a similar manner to the case of Reference Example 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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obtained in Reference Example 1 was diluted to 1/40 with water
(nanofiber content of 0.0025 wt.%), which was arranged in the square
sheet machine (manufactured by Kumagai Riki Kogyo Co., Ltd.), and
subjected to 10 papermaking onto the PP nonwoven fabric, followed by
absorbing an excess nanofiber dispersion liquid attached to the support
with No. 2 filter paper for qualitative analysis (manufactured by Toyo
Roshi Kaisha, Ltd.), and su.bsequentl_g/igried itat 110 C for 2 minutes %y
6, and

respaRY YRR higPrsHbaraiAd 190k aRet0staR et et HykandyEasi
Kogyo Co., Ltd.), t 5. dispersi dj d obtai
o e S R S AR A D B 0

tinf@nofipen stustusB it etk o hiiaking RARRIIE BT WesensateddlP &rranged
three-dimensional mesh-like form not only on a surface of the porous

pokupperfibet disoringide siiglEuythernfioren assacde Sul tefk oibemwatibn obttzened
mesh-like structure, it turned out that there were parts 20 where the

drawnofisen Wark Hresérsbdin a SHydMharanne ot riheh&anted-Reference

structure, as well as, parts where g plurality of n ibergwere partially .
EX@@P\H cted ¥8 fﬁ?ﬁf%& n?z‘éﬁ?fég S rugtrurrél?{),&?so(%ggfrlg A eters i %F—:- in the
sea{t&%%&ecgga?%@I\N%mw@m%ab%mg theiange (%fh%QéHﬁ Ot gD altPET

was also identified that the nanofibers were also bonded to the fibers 25
ulteafipesiitgthbsngporvitia sirfiterfadmmexamplie 37 to.4THn bkaaipksl PET

37, a nanofiber structure was obtained in a similar manner 94 to the case

ultgpbirgnierbvadie prasat o PEP glaieore st irp el wasmvbvdhereby

R e e T B R B s o
sujEEET AR RRIANGS 1.3 SRR MEPREA R IR F28] 0L EXSM R R rence

except that a PET weft knitted tabric having a smooth knitted structure,
Exwhighewia s kaitted with the useftda fysenshavihoa 33cdtexanchabelilanteTiswt. %,

and also a 28-gauge circular knitting machine, was used as a porous
anduppeont. 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 PET
ultrafine fiber dispersion liquid with a PET ultrafine fiber content of 0.1

wt.%.

Reference Example 8

A 0.1 wt.% N6 nanofiber dispersion hquid 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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In Example 39, a nanofiber structure was obtained in a similar manner 10
to the case of Example 29, except that No. 2 filter paper for qualitative
analysis (manufactured by Toyo Roshi Kaisha, Ltd.) was used as a porous
support. In Example 40, a nanofiber structure was obtained in a similar
manner to the case of Example 29, except that polyethylene foam having
an apparent 15 density of 0.033 g/cm3 measured in conformity to JIS
K6767 and an average foam diameter of 0.6 mm measured in conformit

g T and

to N ldueadme el L hasarma plorisseaianpit#Pa f
btained | imil h f le 29
1278 ”s%%t‘ﬁ hévag g)gigl}):}l?ﬁar\}gzkﬁan%ngui 1@5‘?ﬁ%’§§‘3{a%0a5§ A ExamRIed?. of 160

excep athicknesso m was used as a

PaRO(906 SURPIL 123 & SesutRhoRRaNAIsHOb I8 AABOfIRGS SIHGBEESx truding

obtained in the above-described Examples 37 to 41, any of the structures
knexfiiitech deat thanbiheringecerspriead svahmdsit: likenfemmtdropdtE PasisdoPPS
the porous supports. 25 Furthermore, as a result of observation of the
Weﬁeeé)ﬁ-wé%r@&@r@?iwﬁj‘%é@mﬁqﬂaﬁ%ﬁem whraghariehinireatolymer alloy

nanofipe ere dispersed.in ingle fiber state to form the mesh-lik
e SR o i L o TR BB T G D TBEVE BT SRRy b
a ca2RREEIRMhIQ frm.the mesh-like structure. It was also identified that the
nanofibers were also bonded to any of the supports in Examples 37 to 41

in @simwar form. Exaniples=425and 43 5 The dispersion liquid used in
Reference Example 1 in the case of Example 42 or in Reference

Example 8 in the case’df Exeasirss evaioaillensth s wihvagdr & screw

ffér‘sgnoffer % ntent of 0.01 wt.%), and two drops (0.1 g) of the diluted
Hefdpet s 'B‘uid were put onto stainless steel wire mesh with a wire

diameter of 33 u in and;a esh RNSILEIRSWEHDEIHBMEE% I0: the

being dried at 70 C for 10 minutes to thereby rapidly remove a dispersion
whole screw.

There are 2 backflow sections.

Polymer feeding: PPS and PET were independently weighed and 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 ¢ 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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medium and obtain an N6 nanofiber structure. Fig. 12 shows a SEM
observation result of a surface of the nanofiber structure in Example 42,
and revealed that in most parts, a plurality of nanofibers were partially
aggregated to form the mesh-like structure, 15 although there 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
proximately in the range of 100 nm to 1.5 u m. On the other hand, Fig.

Fu? KB0ES SENFHIENERBh 3o SITiEsT %Eﬁf&e_@f ShthEniBRGHBE B taEInE
poi'ﬂt%’%el‘{?&i;en“sws‘@dz.@‘é%%‘.'?f&?&%%%{;&ﬁ (f%tf 3'9&%%?:8 é&ha?%@"s%%'&}’%%fd over

nanofibers were aggregated were [a nanortipber sing

1 HAbRESHVETEHISREraRdHAFAIE 2 tRASHeI@BIEUGIIE. BISai1RPRYIEIRMRIELSS oil
in the mesh-like structure were approximately in the range of 50 nm to 0.8
maanlywhitposek chaditel rcodegtansaendvithetheveaseldafh Fnaghpltenhi2 ap&d first

Due to low wettability with wire mesh in Example 42 or 43, the dropped

ang 455 Ssa o NGBRIaR ERape KOs eSS RRRARHIK Whdhis

rinfP YRS STorany et choBRed Ipuit (o ioss 1 1e 90,0856, o
of spraying, immersing, papermaking, or the fike. FromThe shape, it can

spik@ GAPSIdRr eddhat anic, ding,ohit £ASE S 8 daRid CORsEHANPR Of he wound

nanofibers in the thickness direction of the dropped liquid. Furthermore,
yaixanagledBfcdansdatrides vhampdiprrsatiiaand tbrtheredotardt cfm b@rst hot
considered that some of the nanofibers started aggregation when the

rol%ﬁsa@?ﬁd@ﬂﬁﬁﬁ&mg e?amtawe_ﬂféhse@mém pipsnl e °C. During
theélg%éé‘gé%ﬁ{;ﬁ@g%g;ﬁa%? ‘Ee‘%w'“e%zrﬁfe”'t“? 'grg]ﬁ%%%gﬁs 1‘3‘51;3“ %s!”was

xamplé 42 involves a’dispersant, it- cah

setCapsideredinat themangiibaiwefs HisRersedl iy 2ing eighsiaie dcellent

when the dispersion liquid was dropped, and then secondarily aggregated
chamaatprocdss of tHéToheentradonfilaismaiske consitienegkthatfthe seddntiary an

aggregation was not much developed due to rapid drying, resulting in the
elongation percentage of 27 %, and U% = 1.3 %. Also, a cross-sectional TEM
observation of the obtained polymer alloy fiber revealed that PPS as islands
each having a diameter less than 100 nm were uniformly dispersed in PET,
which was a sea polymer. Also, analysis results of circle-equivalent
diameters of the islands with image analysis software WINROOF revealed
that an average diameter of the 1slands 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 %.

90



10

15

20

25

shape as shown in Fig. 12. As described, the dispersion state or drying
rate of nanofibers in the 15 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 20 11 in the cases of Examples 44 to 46
resﬁf)ectively‘were diluted to 1/10 with water (nanofiber cgntent of 0.01
by ' At

wt.98)° QhGaHRadHer STHREaiISpRIBRIF diglidi it BRBREPRItH WAS cut Into a
piefOWAS! SPiBRedIn é”%?ﬁlt%@ Q?f%‘%"é%’ nqlé%gﬂf’ 8&%@6’&%‘%??88”?95
ﬁavmg e sam s}t\ruc ure as artificial suede “Ecsaine” (registere
nadEdemRarkrek Tarayhdusiias dns wweP0Gndhjwbieh b 3raisaid i Theating in
ultrafine fiber nonwoven fabric, and dried at 40 C for 30 minutes. As a
a geniltof nbseneation dhits sastace tRefigleac8 ENkphapdgrdphidt abdgin PPS
identified that fine nanofibers were spread in a mesh-like form between
nanpfibeds fBRS 2 EARHIY @ﬁ@tﬁ&foaf &0 $Plort afBch B iimetershjpgted to
in, ineach of Eiﬁrpples 44 10 46. lﬁqo, as a res%llt]?f bservatien, of thf_(j3 1

beatin a 8 anner i At e’ case O eferenc <AMm
mash-like tric ure, it fUrhea dut t?qat ere Were parts Weﬁere?he P

subanpibsrawers disprersed ipasinats, iber stateta oy ibaidieshdik@ersant
structure, as well as 5 parts where a pIurailty of the nanofibers were

NOIsHEANy Enrssctdehtonfafant tirednédsh-ReisichdtuFn @dso Sedyea ldianiatersLtd.,
in the mesh-like structure were approximately in the range of 100 nm to 3

molpnlpasedstiddn P thasna riksrserdiverddiseBorded water were
arr%g’lg%gcog‘ {llt?/lt%ltilge fubed for %é"gx'llri;‘ééxé@' <§§¢€ar?£'ea4f>¥‘§thxf£‘§ogber

B0 WL.% po C acid use amp orasea componen
disPREstRs HywideRalvinepaligy:alridioeddnExample Bqran island

component respectively, a conjugate fiber with 8.0 dtex was prepared by
meRdpirming Exalibhistie istahd tomponent was composed of 100

An N6 nanofiber dispersion liquid with an N6 nanofiber content of 0.1
wt.% was obtained in a similar manner to the case of Reference Example 1,
except that a cut length of the N6 nanofiber was 0.5 mm in the case of
Reference Example 10, or 0.2 mm in the case of Reference Example 11.

Examples 29 to 33 and Comparative Examples 3 and 4

The nanofiber dispersion liquids obtained in Reference Examples 1 to
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 fabrie, 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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15 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 20 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

it psvidenubiectddad darginpaandibgnsing e aminndr Bubjecaasbslike form

he ttr‘}‘gedle ]ﬁqf %B% IK%E ??? unch ”%eg?p%%%o%ﬁfé)%gﬁ%ﬁ §(§“62]r1%% PRNG s of

7.3C0RIM03IE Lapie B*PeEE(MnﬁiéQ e GPrYUIIR SaPIa dibgy (s}(e%;‘é%ﬁ%kﬂuds in

Example 3 were subjected 98 to carding and lapping, and further
Refilibjecieditcangsidle purphisgwere prrghingtinesebiO0rigedids/chaavtd the
obtain a nonwoven fabric with a unit weight of 500 g/m2 composed of the
obssanjpijare maplé ﬁfaersqdyoeﬂé shuonefibiee aonwbven shbainednmdEegmple

of the c nJu ate staple 5 fibers (F) and nothe sheet of the nonwo

29 A BREE ool oML B0ttt SbIGRBErEHED LBETBhRARE Rhere the
o AIRKBAVGE5 5120k 5c AR IUENSE SUBISEIER 101Gl BAMSEIRGAL Gnchlike

punc Ing times of 3000 nee to obtal Ing type nonwoven

striahiie«om neeﬁoh@fﬁh@tgqmm@te shplgliibersilio anadid eanivgdeartially
staple fibers (C). 10 Subsequently, in a similar manner to the case of

cormestedletd, fwennshwovmskabie wasuntesrseddnto 2096 sddiomters in the

xide solution at 95 C for 1 hour to thereby hydroly, nd remqve 99
me@g‘i‘:‘ &QHFB“;SB%’&%@EB?H?SBH@H‘?#H e REABEE T éﬁ@% Wi fhign# - It

oA I AE U 2C ol A el s e 5 Feers

vmy as provi e nonwoven f ric such that a so
coxﬁ@ﬁi@iﬂ@fﬂé%ﬁ@%ﬁﬁhﬁlﬁ@hﬁﬂé{ﬁﬁ%wt-% with respect to the fibers

On the other hand, in the cases of Comparative Examples 3 and 4
where the dispersion liguids in Reference Examples 6 and 7 were
respectively used, since fibers were not sufficiently dispersed therebetween
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 liquid 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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in the nonwoven fabric. Furthermore, the nonwoven fabric was

impregnated in DMF solution of polyester/polyether-based polyurethane

S0 as to contain 30 wt.% in terms of 20 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 NO nanofibers and ultrafine NO fibers. A surface of the obtained

nonwoven fabric was buffed, pressed, and then rapidly cooled down in a
forgamipstwramethirihelthess oftmamiplag, the2piershy opRMtarind having

h h f Th 10 %
iR L b s ha e b e T e BB eR fucture.
AsQ 'fggﬂﬁsc?f ghebsVLRes B@”Lqﬁeﬁﬁa%tﬂﬁe%m@dfﬁ‘mﬁ%\éﬁ %IQEkkaé)cdthere

the texturing results of a hard disk are as listed in Table 9. Example 48 By

wedsingAR Willereohht -lacticfisigseskin BxpoipledSitor:a seqrld fiber state to
component, a 35 wt.% N6 resin for a core component, and the 25 wt.%

forgb@m@aﬂbﬁﬂmam@ﬁnﬁxaﬁwm@m&@palﬁﬁéaheégmméné&litwﬁe@w@@bers
n island-core-sheath type seg-island, conju fiber the number
weida BeIPReSHTh dith ’%H}nédh? ﬂh%ﬁahgl AE T BErai g, pore
R RN P T TR ?&aﬁ%&a‘?’e% haggee of 60
nnstengh oz, &&N&H%M@ﬂteﬂm’g&mmﬂﬁﬁmﬁ “o 6 Asodbesist to
of a cross-sectional TEM observation of the obtained conjugate fiber, it
thefthetsagrrai sing e raveragerdimetdasfithen N6 parts in the sheath
co:Eponeth was 56 nm. Crimping and cutting of the 15 fiber were
pe tain conjugate staple fibers (G) with a cut length of 51
m Th 0. 6ar
D e Rfpence
Exdd¥le 1 and added with a 0.1 wt.% thickner CELLOGEN F-SL

(manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd.) (nanofiber content of 0.1
wt.%), was coated onto the porous support used in Example 1 at 1 g/cm?, 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 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 #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 structure, 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 liguid, 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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needles/cm2 to obtain a nonwoven fabric with a unit weight of 750 g/m2
20 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 25 followed by
being rinsed and dried. Then, polyvinyl alcohol was provided to the
to %ﬁ%@%%ﬁ?@@%ﬁ thatSHINEE content of the polyvinyl alcohol was 20
wt.% with [e ct to the fibers 100 in the nonwoven fabric. Furthermore,
the-r}r{oarrn%lv%ﬁabric was impregnated in DMF solution of

Polyesigr pRIYEHISE RARRIPOINUEIDARE 83,85 d0CONBH BRWLYHD RifSted

of solid content of polyurethan with respect to the fibers in the nonwoven
to tabdn® and fhepisubjeaiddiewdtictagu kil toctherchyalitammching at a
nonwoven fabric composed of the N6 nanofibers. A surface of the

Pupphati Sasnwdve G are RAleaCBUTEY thrasbadobit ntise B Fapiempeosiadabric
. in, imil ot f 1,t btaj .
Wity s AR A O SR 2t THoT b SRt o Bertaigid
obtS QAU GRS HEEIASHR Y (iR e @@é@ﬁﬂ@%ﬁt%cﬂe@@%ﬁiﬁ?%%Hff?ﬁdﬁ%oﬁber

roughness, and surface hardness of the obtained abrasive cloth, and the

coriexiurrfg0 eR s etad)areidick arenaticiegedd Table9%quamapiads Ibakhine
hollow annular petalous 24-division splittable conjugate fiber (single fiber

(mﬁneﬁ@g@@?@.@me%@m&hj@ﬂﬁ r 1@%0%&@@ ofpbiested to
oo STl R A e pomer sl e n ampl o es
naﬁ%%%?ﬁi%%&%&cﬁ?ii%&%ﬁéﬁ%'@%i?ﬂesEﬁﬁ@di@%ftf} SHEUORING - paper for
condition 20 by using an ejector. During the above processing, an ejector
quidigasiie wasbalis (manufactured by Toyo Roshi Kaisha, Ltd.), and
subsequently dried it at 110 °C for 2 minutes by using the high-temperature
rotary drier (manufactured by Kumagai Riki Kogyo Co., Ltd.), to thereby
remove a dispersion medium and obtain a nanofiber structure. As a result of
SEM observation of the obtained nanofiber structure, it turned out that 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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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 25 independently subjected to carding and lapping, and
further subjected to needle punching at a punching times of 300
needles/cm2 to thereby obtain a nonwoven fabric with a unit weight of

250 g/m2 composed of the conjugate 101 staple fibers (C). One sheet of
to the eapfughiexazapforRovereribiadr Bhdthdpsnew dretfebibhwovish was

o SR 0 R R A e ama 5o
f1=31dace ?Jeﬂsod\é'&f‘agaac’é &g@cﬂwowrface touched a net conveyer
oll

when collecting) at 10 MPa, front surface at 20 MPa, and back surface at

20 I Egawifleassateniehpabeh {WdR)uie hethesebnbdrided dsWalk asanner
densified. Subsequently, in a similar manner to the case of Example 1, the

to tllenomseovt i imbripwatdinenesnéd vt 8 VFsbonett Hyidriddadoticidauing a

95 C for 1 hour to thereby hydrolyze and remove 99 % or moye of a :
smggiyeSiatttednTEEnemsr, oL R et SH AR RECPAIB ST R Raving

i aoi s . .

8 b SRR TR AR SR S AR AL IR machine was

usdfal 2pHHeaE Avgyaa diameter in the N6 parts in the sheath component
was 56 nm. Then, polyvinyl alcohol was provided to the nonwoven fabric

sudh tRanmselidsentemofibier poiyeinyicaivehobianed . vewith segpesmer

tq the fibers  in the nonwaoven fabric.%%F&%herngre, the nonwoven fafric .
to B fApfeghatEd MM ESoRkitsw bt ity JEhdamsZelPT qualitative

oSSR RCRAR AL TS o SIS SRAEL o o
support.

In Example 40, a nanofiber structure was obtained in a similar manner
to the case of Example 29, except that polyethylene foam having an apparent
density of 0.033 g/cm3 measured in conformity to JIS K6767 and an average
foam diameter of 0.6 mm measured in conformity to JIS K6402 was used as a
porous support.

In Example 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 1n a

single fiber state to form the mesh-like structure, as well as parts where a
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fabric, and then subjected to wet coagulation to thereby obtain a bonding
type nonwoven fabric composed of the N6 nanofibers and the ultrafine N6
25 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 102 thereby obtain an abrasive cloth having a smooth surface. The
stress at 10 % elongation, compressive elasticity ratio S, abrasion
resistance coefficient, surface rou?_hness, and surface hardness of the

pligpliive dantasrahasin VEte idiHad Ve SoRperteAale diskard he Imeghiike

str%J;%bL? ; lpdustial éﬁ%@'&% 12%1'%%@%15‘3%%%%%&? (e RIesRRUIVAIPE, any
enables an unprecedentedly good-hand tabric and a high-performance

of BlYas¥S AN Thishhave Botibasnalletn g segnwith ordinary
ultrafine fibers, to be obtained. 10 Also, the method for producing a
natofinapdtrudfiemdct®rding to the present invention is applicable to the
production of any nanofiber structure _comprised by conjugating the

naraibehsnstsi@Bubpuid aneedarmcuredsrenete BRI Worhsing thaperse of

e b . f t bty
xRS e B R Tl ek oL e paRP oS i uted
to Preguchianehilies i rnamtam daydie,naierial QrRISAHRR: ©.1 o) of

various industrial fields, and of nanofiber filters for medical use stch as a
theohibdtiiledi fpotharmbicgsidotventy parthenfiiest sipylications] Wwisalsesh with a

_preferable to general fiber applications including daily life material
wirgdieBIRIGE SlcIPad pptrd) Armeeidh, %@H@%t&&%{%mmﬁﬁ@cﬁo followed by

beiGReiSEa GO 10 Runll o B SR S R RN i e on

medium and obtain an N6 nanofiber structure.

Fig. 12 shows a SEM observation result of a surface of the nanofiber
structure in Example 42, and revealed that in most parts, a plurality of
nanofibers were partially aggregated to form the mesh-like structure,
although there 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 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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case of spraying, immersing, papermaking, or the like. From the shape, it
can be considered that rapid drying of it causes a rapid concentration of
nanofibers in the thickness direction of the dropped liguid.

Furthermore, Example 43 does not involve any dispersant, and
therefore it can be considered that some of the nanofibers started
aggregation when the dispersion liquid was dropped, and then compressed
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 £ m,
in each of Examples 44 to 46. Also, as a result of observation of the mesh-like
structure, 1t 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 £ m. 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
1sland component respectively, a conjugate fiber with 8.0 dtex was prepared
by melt spinnming such that the island component was composed of 100
1slands, 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 ¢N/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 punching 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 obtained as above, 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
i Table 9. |

Example 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 cbtain 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 ¢cN/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
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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 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 (C).

One sheet of the conjugate fiber nonwoven fabric and another sheet of
the .nonwoven fabric composed of the conjugate staple fibers (C), both
obtained as above, were stacked, and then punched four times, 1.e., 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, surface roughness, and surface 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. Furthermore, not only to 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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CLAIMS 1. 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 10-8 to 4
5 ratios of single fiber finenesses in

rag)e 0f 1x 10.8§ to 4 x,10+4 dtex of 60 % or more, wherein stress at
natn in g loritddlir@l diregtion is in the range of 5 to 200 N/cm
D cI@h‘*’éorﬁprising a sheet-like material having at least

ermoplastic polymer, the nanofibers

erd8e Sintle fibet fineness of 1 x 10-8 to 2 x 10-4 dtex

ness ratios of single fiber finenesses in the range of 1
>x of §0 % of morle, wherein stress at 10 % elongation

range of 5 to 200 N/cm width. 3. The
2, wherein 50 % or more of the

=Hbex fiengssatio falls within a width of 30 nm in a

x 10-4%itex and the $urt® 5 of finenes
the
10 Y% &k
width. 2. Ah abragive
in 10 it fart BardbfiperEmade®f ath
havind®_FRurfberav
and the sum of finer
x 10,8 toy2 x 12 dtg
in d longftudinakdirection in th& 15
aBresiveridth %cc;@ fiag 8 clainEl &
rianGioezs i a3ing
singte-fiberdiameterrdifference:
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4. The abrasive cloth according to any one of claims 1 to 3, wherein the
20 sheet-like material is made of a nonwoven fabric. 5. The abrasive cloth

according.to.any.one of claims 1 t0 .3, wherein the sheet-like material is

mage ofa wo
claims 1o 3,
7 23heg abr
ratio’s bgtwee
eg:a pad ofp.
les$ £128 S, THe af

25

ung

véh fa ricﬁﬁ. The<abrasiye cIotQ acco
wherein t

a%i/eg'p otfgaegorgi ngsto §n20fﬁ

shegt-like 4§1ateria$ is maj
o§cle

mg and tat ynder @ load gf
agiveicigth Fccrdimg B any8n

rding to any one of
de of a knitted fabric

0.5 kg/cmg® is 4.0 or
e of claims 1to 7,

ims 1 to %wherein N0

iaf

—
N.

o

whereiman a

mg

wherein a su
or less. 5 10.
wherein a su

11.
the

composed of

or less. 9.

face roudfRneSsaliie of the sheet-lik

rasion resjstance coefficient of the st

The abragivescldth ﬁ:cand'gag to any ¢

cet-like materiatis™§
ne of claims 1 to 8,
b material™ 100 u m

The abrag

The abrasivg cloth IEccorgi\ng to any o
rface hardngss va

ge of the sheet-like
ive cloth aggordjngto Gnyone of clain

ne of claims 1 to 9,
material is 20 or mo
ns 1 to 108wherein

(€.

18

sheet-like

the nandfibers. 80 12.9he abrasive cl

materiat-hasatteast onitsonesurfag

e-anapped-surface
oth according to any!

. o . . .
one of claims|1 to 11,E/here1ﬁ t@e %e&t-ﬁﬁe mater|al is formeod in such 2.
way that nandfibers arg |BmiBated & %suﬁport. 13. The abr&sive cloth | &3
. =
acdording to ¢laim 12, wherein a thickness of the nanofiber Taminated
layer is :@D % pr less of a thicknesgiofdhe whole 15 sheet-like material.
14.|The gbrasive cloth acccﬁdiﬁg t§ a‘@y one of claims 1 to 13‘,_owherein .
the|sheeT-like|material hasg sgacg ingjde thereof, and the spgge is o
impregnﬂted mﬁra‘poTerTE‘\g'C_gHS‘tOTﬂE‘r—IE The abrasive ctoth-according
to glaim£4, wherein the@@m@ic Z@e@tomer is jpolyurethane.
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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. 17Z..A.met

od for producing a nanofiber

structure, wherein a nanofiber dispersion liquid in which nanofibers
having a number, average diameter o

thermoplastic po

ymer are gispersed

F 1 to 500 rim and made of a
rLa dispersion medium is attached to

a _cunnott-andt
a—SUpPPeHahRa-+t

of single fibers ¢

more than 500 ri

hen-the dispersion !!c'u;rgj is removed, wherein a fiber ratio
ontained f nanofibergand falling within a diameter range
m and nopmore than p4m is 3% or less. 127 18. The

method for prody
wherein the nanc

number average

CiNg a nanofiber stryature according to claim 17,
fibers magde of the th&moplastic polymer have a
diameter Bf 1 to 200 rifn. 19. The method for producing a

nanofiber structure according to clain 5 17 018, wherein in order to

attach the nanofi
dispersion liquid

ber dispersion liquid

tq,c,’the sdpport, the nanofiber

is sprayedand therebattacked to the support. 20. The

method-for-prody

wherein in order

cinga manofiterstruciire aé¢gording to claim 17 or 18,
to attach the nanofibegdispefsion liquid to the 10

support, the support is imrrgmersed into| thie nari&fiber dispersion liquid to be
thereby attached with the manofiber d

isrﬁersioriliquid. 21. The method for

producing a nant

order to attach tHe nanofiber dispersi

nanofiber dispers
for producing a n

yfiber structure accol

gto pd_i;aim 17 or 18, wherein in
br,liquid4o the support, the

sion liquid js coated ofthe stgport. 15 22. The method
anofiber sffucture agcprding# any one of claims 17 to

21, whereinapo

producing a nang
average diametey of 1t0 5

are dispersed in

ous supportis used

nm and

a dispersion medium tg ther

a% the sgpport. 23. A method for

pfiber structure, wheret nandgfibers having a number

de ofia thermoplastic polymer
y 20 prepare a nanofiber

dispersion liquid,

-

and then the nanofibgg dispésion
~ <
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Fineness ratio: A fineness ratio of fibers each of which a singl

dtex.
Range: One example of a fineness ratio of fibers each of which a
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10

15

20

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 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 dispe@%ﬁgé;d is in the range of 0.001 to 0.1
wt.%. 128 26. The method for pr nanofiber structure according

to ny Lone gt AlaimS 47 J82F i@&tﬁ%@f;[ﬁe%@%ﬁi@&@g%}fg&%g'kgi%%ggg%st in

contained in the nanotiber dispersion liquid is in the range 0
its pRrwh¥mdThdennrlbod foriyndueing adasRfiier, YHCHILFCAT RS R g a

any 5 one of claims 17 to 25, wherein a concentration of a dispersant
numsbataived dgetivengde ditrar Givpersiontlioid &anak xayé dfed 0061 theSsum
wt.%. 28. The method for prodycing a nanofiber structure according to
of RSB 25H0% O RTEIR (hRd SpERamas 17 BARtBRE Yy felsEIdBiddarbm 10+
dte@gf @%Oion Isting of a nonionic dispersant, an anionic dispersant, and

3 cationic “10'¢ |§B’ersant. 29. The method for producing a nanofiber

StRyBIE ACREAIBG To1alaiMe B5, 24 BRAe iz Bia petentiah ofthe snalibel the

falls within the range of -5 to +5 mV, and the dispersant is the nonionic
randispeisamt230 Nieenrmetfidd for producing a nanofiber structure according

to claim 28, wherein a zeta potential of the nanofiber is not less than -100
mY- M0 RS ENA CipRly cotppisindshahestt idmmatraind brpaeaitlast in

.. . The methad for produci anofiber structure accarding to claim 28, .
its pé % TShot %Spg%rélﬁ&:?aqg?%ﬁerm()&%smc 0 g&eﬂgr%{ﬁgn %er@%%‘%ng a

eremn a ze € nan er exce nais no

nuihi} 408rHYe andtRerdispaisanbis;the £ationis Qisperant @032ndN%e sum

method for producing a nanofiber structure according to any one of
of fnlaimes26atii B o fubiengia Ahvolfockasweight ohtheadigperSant B8 the? x 104
dtex o160 % ot morer

wherein stress at 10 % elongation in a longitudinal direction is in the
range of 5 to 200 N/cm 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 diam'eter 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 hetween 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.
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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 25
nanofibers and falling within a diameter range more than 500 nm and not
more than 1 u inis 3 % or less. 34. The method for producing a nanofiber
structure according to any 129 one of claims 17 to 33, wherein the

SBpME istherivesadil abload AR SHHGISSHIeTIBAKoMINe AAlBein an
consisting of a nonwoven fabric, paper, a woven fabric, a knitted fabric,
abragmbfoesistadCe coefficient of the shest-like material is 50 mg or less,

9. The abrasive cloth according to any one of claims 1 to 8, wherein a
surface roughness value of the sheet-like material is 100 £ m or less.

10. The abrasive cloth according to any one of claims 1 to 9, wherein a
surface hardness value of the sheet-like material is 20 or more.

11. The abrasive cloth according to any one of claims 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 according to any one of claims 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 according to claim 12, wherein a thickness of the

nanoﬁber lammated layer 18 70 % or less of a thlckness of the Whole_

sheet- hke material.

14. The abrasive cloth according to any one of claims 1 to 13, wherein
the sheet'like material has a space inside thereof and the space is
impregnated with a polymeric elastomer.

15. The abrasive cloth according to claim 14, wherein the polymeric
elastomer 1s 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 80 wt.% of a fiber weight of
the shest-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 1o a
support, and then the dispersion liquid is removed, wherein a fiber ratio of single
fibers contained in nanofibers and falling within a diameter range more than 500 nm

and not more than 1 um is 3% or less.
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18. The method for producing a nanofiber structure accordin;g to claim
17, wherein the nanofibers made of the thermoplastic polymer have a
number average diameter of 1 to 200 nm.

18, 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 hquid is sprayed and thereby attached to
the support.

20. 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 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 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 nancfiber structure according to any
one of claims 17 to 25, wherein a concentration of a dispersant contained in
the nanofiber dispersion Hqui& is in the range of 0.0001 to 5 wt.%.

~ 98. The method for producing a nanofiber structure according to claim
26 or 27, wherein the dispersant is at least one type selected from the group
consisting of a nonionic dispersant, an aniouic 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 method for producing a nanofiber structure according to claim 28,

wherein a zeta potential of the nanofiber is not iess than ~100 mV and less than -5mV,

and the dispersant is the anionic dispersant.

31. The method for producing a nanofiber structure acéording 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 Zm 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 support is composed of at least one
structure selected from the group consisting of a nonwoven fabric, paper, a

woven fabric, a knitted fabric, and foam.
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