SPECIFICATION BIOMASS-DERIVED POLYESTER STAPLE FIBERS AND WET-LAID NONWOVEN
FABRIC FORMED FROM THE SAME Technical Field [0001] The present invention provides
wet-laid nonwoven fabric using polyalkylene terephthalate staple fibers and/or polyalkylene
naphthalate staple fibers having a biomass-derived carbon ratio of 10% or more and 100% or less by
the radioactive carbon measurement (carbon 14, one of radioisotopes of the carbon atom and has 6
protons and 8 neutrons in the nucleus. The same applies to the following.), single fiber fineness of
0.0001 to 7.0 decitex, and a fiber length of OelCtr20 mm@Rd a manufacturing method of the same.
Background Art [0002] Recently, the amount used for synthetic fiber paper obtained by a web
forming methetiuging golyetRylen®terephthalateriters for B pan R e Wik sffaimaterial of paper
has been increasing owing to its excellent physical characteristics such as mechanical characteristics,
electric characteristics NeatweRistanRce AdireasianR B DiliBR ydrophpie.natire and the like and cost
advantages. As a binder fiber used for the synthetic fiber paper, polyethylene fibers and polyvinyl
alcohol fibers were used in the past but polyethylene terephthalate fibers are mainly used at present.
For the synthetic fiber paper mainly using polyethylene terephthalate fibers, the same kind of
polyethylerie ¢diephthBlatd fibers are mainly used as an optimal binder.Moreover, in recent years, in
the fields of heat-retaining materials, electrical insulating materials,filters, medical materials,
constructig didterials and the like, a demand for development of wet-laid nonwoven fabrics having
heat resistance has become high. Thus, a wet-laid nonwoven fabric formed of fibers using
polyethylene naphthiataterwideh isroneobpolyesta:having hghenbeatorasistégics asws imgterial has
been developed (See Patent Literature 1, for example). [0003] However, depletion of petroleum
and wood pas$yhékpmea serigus lsokitsd profplem fibrecentyéars padadiisiainable: plhtleidpment is given
importance. Thus, a wet-laid nonwoven fabric using a polylactic acid fiber which is a biomass-derived
componentisydroposed (BeeiPatenblidteratsnéc? | fod exarhple) r Howevet, 0ithosusto acwet-daid
nonwoven fabric, the melting point of polylact ¢ acid which is a polymer is as low as in the vicinity of
170C, hydrdiZabditylis oy atit: fuliyl atisfactorgnalne siof adhesive strembtimahd, heatredistance of
the wet-laid nonwoven fabric have not been obtained. [0004] Patent Literature 1: Japanese
UnexamineddPatemtonspslicdtidre Rulshoatiehoo 220084226610 tons and & neutrons in the

nuclens. The same applies to the following.), single fiber fineness of
0.0001 to 7.0 decitex, and a fiber length of 0.1 to 20 mm and a

manufacturing method of the same.

Background Art
[0002]

Recently, the amount used for synthetic fiber paper obtained by a
web forming method using polyethylene terephthalate fibers for a part or
the whole of a material of paper has been increasing owing to its excellent
physical characteristics such as mechanical characteristics, electric
characteristics, heat resistance, dimensional stability, hydrophobic nature
and the like and cost advantages. As a binder fiber used for the synthetic

fiber paper, polyethylene fibers and polyvinyl alcohol fibers were used in



Patent Literature 2: Japanese Unexamined Patent Application Publication No. 2010-180492 Summary
of the Invention Problems to be Solved by the Invention [0005] The present invention was made
in view of the above-described background and has an object to provide staple fibers that are used
suitably for a wet-laid nonwoven fabric having excellent tensile strength and heat resistance while
reducing an environmental burden, a wet-laid nonwoven fabric and a manufacturing method of the
wet-laid nonwoven fiber. Means for Solving the Problems [0006] As the result of keen studies in
order to achievgdhelahoye ghigckthe peesent ventorsBavelinventesh iully sgiented staple fibers and
low oriented staple fibers having specific biomass-derived carbon ratio, fineness, and fiber length.
Moreover, the inveniais baverfoune asd:thai & polysakylenetereplihalate-plapleifiberwetdaid
nonwoven fabric or polyalkylene naphthalate staple fiber wet-laid nonwoven fabric having excellent
adhesive sifengiinend indabregisigoceytandesmphitadimedive using theafuly arigntessstaple fibers
and the low oriented staple fibers at a specific weight ratio. Furthermore, the inventors have found out
that, since theilaw ariedted staple §ibess, e finelawenanted stapla dilers thaving exdallaat binder
performance, that is, thermal adhesiveness, the wet-laid nonwoven fabric can be manufactured by a
manufacturing ¢nethod efddendiig ansktheimal-compregsion hording the dina fully riented staple
fibers and these fine low oriented staple fibers and reached the series of inventions in the present
applicationc {@R0ict io nThat 3, oiednderitomni b fhe peasend apoplidatiotvispolyaliyiese tergéphthalate
staple fibers in which a biomass-derived carbon ratio by radioactive carbon (carbon 14) measurement
is 10% or morsvand 1008 e e dss singleifiber finenessds OH00bta @ifeddei X, anthafibes length is
0.1 to 20 mm or polyalkylene naphthalate staple fibers in which a biomass-derived carbon ratio by
radioactiveveairioit (canbwo ¢ rfeasurémentdsdOfiber mosengnddl®e% Wk iess) sihgha fiher fimmess is
0.0001 to 7.0 decitex, and a fiber length is 0.1 to 20 mm. Another invention of the present application
is a wet-laisr harhwovendabtip ocbntategstie polyalkgboe terephthadadie dova oriented:stapleafibers or
polyalkylene naphthalate low oriented staple fibers satisfying the matters presented above by 15
mass% or none deeelveteldidSwentawen fabdricacompostd enlymop e or two types or more of
polyalkylene terephthalate staple fibers or one or two types or more of polyalkylene naphthalate staple
fibers satisfyitgthe matters presented above and containing the above-described low oriented staple
fibers by 15 mass% or more. Still another invention of the present application is a manufacturing
method of a wet-laldavweveovetetalstioim whicktilly orened staplé filserd ¢AY and doncronented staple
fibers (B) are mixed and subjected to web forming and then, subjected to heat treatment by a drum
dryer or ansaiv:tHraugth Bryrer and égghér ¥ ahe head treastienablea dalaiderrolitagnetiessary.
Advantageous effects of the Invention [0008] According to the present invention, compared with
wet-laid nohwvEATadricsiradetorsbtyethylens terepHitalmeaami polytdrtiecasicwididhtisave been
examined, a polyalkylene terephthalate staple fiber wet-laid nonwoven fabric or a polyalkylene
naphthalaté’ ﬁééﬁésfibé?iwaa%ddﬁéhﬁﬁév@hm@@@@ﬁmﬁrw ereskentIendetstrehgthrafier heat resistance
and a reduced environmental burden can be provided. Those wet-laid nonwoven fabrics are suitably
used for appliccitdrREGen asiBaRErSY Bl sitichlineelatiig rrneriay of Fobibiss Braaptiéiigheat
resistance class, separators for batteries, separators for capacitor (super capacitor), ceiling materials,
floor mats, RMgine filsrs Gichire r_cdAdPthéchkes MatebUBR iWisler appiteatfoi’ 6 AdHREVEN flbric
materials for vehicle requiring heat resistance and chemical resistance are expected. Best Mode for
Carrying Obt th& InbEAEBH FFoUsIt EnieniBBaimeat BHie presdatiAventishiaal & adiesbed below in

detail.
strength and heat resistance of the wet-laid nonwoven fabric have not been

obtained.
[0004]
Patent Literature 1: Japanese Unexamined Patent Application

Publication No. 2000-221611



Polyalkylene terephthalate constituting polyalkylene tcrephthalate staple fibers of the present invention
comprises alkylene glycol and terephthalic acid as main constituent components. The main constituent
component means that a repeating unit of polyalkylene terephthalatc is 80 mol% or more of the total.
As alkylene glycol, linear alkylene glycols having 2 to 10 carbon atoms can be cited or preferably a
linear alkylene glycol having 2 to 6 carbon atoms. Specifically, ethylene glycol, trimethylene glycol,
tetramethylene glycol, hexamethylene glycol, octamethylene glycol or decamethylene glycol can be
cited. Moreover, othgfomonpmer.gampopents sandie copplynenzed ap lopgraspipisicalsharacteristics
of polyalkylene terephthalate are not lost, but they are preferably copolymerized so that the repeating
unit of polyplkylengitefeglithatate hagomes 80 mol% or more. Acid components capable of
copolymerization include aromatic dicarboxylic acid other than terephthalic acid, aliphatic dicarboxylic
acid, al cyclic dicarboxylic acid, hydroxy dicarboxylic acid and the like. Specifically, as the aromatic
dicarboxylic acid other than terephthalic acid, dicarboxylic acids including aromatic group such as
phthalic acih isgphithalicaeita ded'tdiphenyl dicarboxylic acid, diphenyl ether dicarboxylic acid,
diphenyl sulfonic acid, diphenoxy ethane dicarboxylic acid, 3,5-dicarboxy benzene sulfonate
(5-suifoisoptittisllediey, toehz st ievdnieyditarboxyliciaaid and the like can be cited. As the aliphatic
dicarboxylic acid, oxalic acid, succ n ¢ acid, adipic acid, suberic acid, sebac c acid, dodecanedioic acid
and the like @amshe cited. As alicyclic d carboxyl ¢ acid, cyclopropane dicarboxy ic acid cyclobutane
dicarboxylic acid, hexahydroterephthalic acid cyclohexane d carboxylic acid, duller dicarboxylic acid
and the like can beTtitechrderas dimerdicarbeoxylicracid indicates acotieetivbmaméset disadboxylic acid
obtained by dimerizing unsaturated fatty acids such as oleic acid, linoleic acid, a-linoleic acid, y-linoleic
acid, arachicak gracidamaldhes likenos e@upounds wdtaistad lyflilydrogentredeictied efiingdturated bond
of remaining carbon: carbon of dimerized dicarboxylic acid. When these d carboxylic acids are
copolymerifed anetdimitet] to dicarboxyilab acidnbut agfarry ofldicatboxylic siestertcomgdobiegk obtained by
subjecting | molecule of these dicarboxylic acids to reaction with 2 molecules of alcohol having a
hydrocarbare gissapowitiviiite 6 chnbomgatomsrandothe tikeamby b used WwWoreodenaasvo ven
hydroxycarboxylic acid, glycolic acid, hydroxybutyric acid, hydroxyvaleric acid, hydroxycap o ¢ acid,
hydroxypedtdnoiczasich hyaroXyheptarpineidid dhybrbrywetatwid acmvandetindiliike.can be cited.
Moreover, as alcohol component other than the above-described alkylene glycol capable of
copolymerization, dihydroxy compounds such as diethylene glycol, triethylene glycol, tetraethylene
glycol, 1,2-propaned ol, 1,3-butaned ol, 1,4- hexanedio |, 2-ethyl- 1,6-hexaned io 1, | ,4-d ihydroxycyc
to hexane, ¥ dagyclohéxaedimédrhdhoblems(p-11-hydroxyethoxyphenyl)propane,
2,2-(p-11-hydroxyethoxyethoxyphenyl)propane, polyalkylene glycol and the like can be cited. Other
than the add¥ @ihydroxy compound in which 1 to 8 molecules of ethylene oxide are added to
phenolic hydroxyl group of bisphenol A can be also used, and moreover, compound having three or
more ester-forminganidtionas growdsksiich Ha digeeiin OpéptaeryrBHsl etrifrethyiolpropagi, trimesic
acid, trimellitic acid and the like can be also used within a range in which a copolymer is substantially
linear. [00101¢ PTSASIHOEIRYIKHE tEASEhtHEI SR @b ristiiting e adaslaribiers b the predent invention,
is necessary to contain 10.0% or more of biomass-derived carbon by radioactive carbon (carbon 14)
measurem&riShtaH e REr e mimeipaIyRRs itdréoies e thser fril O IS qubits i svalue range
is 00%, but at present, due tq restriction in manufacturing, that is, since an industrial method using
terephthal @ 4¢idHi58e BrsibinassMerseddards o {ersphiralic deBsbrivh hd&hotteen
sufficiently established, 25.0% or less is preferable, 24.0% or less is more preferable and 23.4% or
less is still R PrEisRbId cHapBHEN RS 08 PHograbsss i thd Fidur8 ofhisatsmertdlr il would
exceed 25.0% and 100% polyalkylene terephthalate could be manufactured. Here, in specifying the
content of & BlSAT&IeAEriVED BbbIRIfertitPiRe BRsTent fvErtom oM fiEsnifiPsi mARKE Fadioactive
carbon (carbon 14) measurement will be described below. [0011] In the upper atmospheric layer,
a reaction iRRRRILAICOSMIE YRS (HEERS AOMldd AT RRIIGES GtshTs Afd GenEfafd wahov14 atoms
occurs continuously, and since the generated carbon 14 atoms circulate the entire atmosphere it is
indicated iWﬁ?@-&sﬂ}‘érﬂé’ﬁ%’tﬂéieégﬂﬁgﬁtaib%oféqﬁft%él}ﬂrﬁ%%dﬂ&f@&%ﬁ‘rﬁ&?ﬂsﬁ‘éﬂé’éﬁiﬁ? PatiG {07 pMC
(percent modern carbon) as an average value] of carZ\on 14. On the other hand, since the carbon 14
atoms contsR&E& HhdEFIRELgrUHY is %6’[3 GRS tHE AOOVE DAY Cirti3br? WniPtreaction of
returning to a nitrogen atom in a half-life of 5,370 years while releasing radiation occurs, and the
carbon 14 &t8its é%%‘iré&?/’ rBHSH 5 a¥88af mMiREHR HifcH '8€ c(EnP PERGRELM e reiBRES by
measuring concentration of carbon 14 in a sample as a target and by calculating backward the content
[107 pMC] of carbon 14 in the atmosphere as an inglex, the ratio of the biomass-derived carbon in the
carbon contained in the sample can be acquired. As its specific measuring method, a method using an
accelerator mass spectrometer (AMS) is generally used as discussed below. [0012] Moreover, in
the measurement of radioactive carbon (carbon 14), the content of a biomass-derived component can

be also analyzed with respect to recycled polyalkylene terephthalate obtained by material recycling,
crhemical recvielina and the live and thiie thic ic an effectivie methnd aleo in nromotina evvelie 1ice of the



[0015] Since the staple fibers obtained by using polyalkylene terephthalate or polyalkylene
naphthalate manufactured from a material containing the biomass-derived carbon by the radioactive
carbon (carbon 14) measurement as above use a plant-derived material, an environmental burden can
be reduced as compared with manufacture of the same kind of polyester using a conventional
petroleum-derived material. That is, petroleum-derived plastics are not degraded easily but
accumulated in the environment if being discarded in the environment. Moreover, a large quantity of

carbon dioxigeiis,emiteswhen plasticsate bumed, whish accelarates olohal WarmIng: I gecent years,

measures against serious environmental problems such as a decrease in fossil fuels and an increase

in carbon djpxidg ip the-aimnasphgrs Rayebseommnesassly-1nthe.other hard Plaatsapsorb
carbon dioxide in the air during growth and fixes carbon to themselves by photosynthesis. Therefore,

carbon dioxjge, generatedwhep-plasticomanuiaciures fremdhe plants asiamaterial is4ysgekand burned
after the use can be considered to be in the same quantity as that of the carbon dioxide originally

absorbed bygbesplantsintlRat isa €VRRDUMNG &f thesadlastcs menebe iadsitor se-called carbon

neutral state and carbon dioxide on the earth is not increased, thereby reducing the environmental
burden. [0G3€kntio RPokyalidene Naphihalate gerstituting the polyalkylene naphthalate staple fibers of
the present invention has alkylene glycol and naphthalene dicarboxylic acid as main constituent
component® (g main constituent component means that a repeating unit of polyalkylene
naphthalate is 80 mol% or more of the total. The polyalkylene naphthalate preferably contains an
ethylene naphthatatesinits The ethylena inaphihalate preferabhpeoniainsanethylengkg@maphthalate
unit and the ethylene-2,6-naphthalate unit is preferably contained in 90 mol% or more per repeating
unit constitegirg pclyigdkyleneglaphibalateirand ihehstaple Jibars mayibedousnash af aijpalyester polymer
containing an appropriate third component at a ratio less than the remaining 10 mol%. As alkylene
glycol constitutingepalyadisylene napiihalate) othershamibet ethylere naphthalatednitdnear alkylene
glycol having 2 to 10 carbon atoms or preferably linear alkylene glycol having 2 to 6 carbon atoms can
be cited. Specificaliy | ethiyen€ighoadstitmehyleneglycol detrameihengigbicidnhexamethylene
glycol, octamethylene glycol or decamethylene glycol can be cited. As naphthalene dicarboxylic acid,
2,6-naphthatenédicathoxytic agid] 2 Repdphthatenddicaiexykcapdad 1fBraraphihalenedicarboxylic acid
or 1,6-naphthalenedicarboxylic acid can be cited. As the component other than these alkylene glycol
and naphthalenedicattioxght acid;Hbat is;aasthetthirdredioponent, aceohpound drdwing twd)
ester-forming functional groups per molecule or as aliphatic dicarboxylic acid, for example, oxalic acid,
succ nic acids adipmorend, subéfic acidysebaemladidl) Hodecdredicimadid fibdthEdikeesanibe cited. As
alicyclic dicarboxylic acid, cyclopropane dicarboxylic acid, cyclobutane dicarboxylic acid,
hexahydroterephthalic dcid, dyciohexanddisarbbgyliteagithordifdr dicadfbxylic.acidoanhse cited.
More detailed description of the dimer dicarboxylic acids cited above are as
naphthalenedicatboxylichcidiphthedicadid isapithalioacis,orad carbdxid c acids inclodifigharomatic
group such as 4,4'-diphenyl d carboxylic acid, diphenyl ether dicarboxylic acid, diphenyl sulfonic acid,
diphenoxy ettdaendicarboxyite btk Blendictrbuxytbeitendosulfonatet (Blsalfaido phthatate);
benzophenone dicarboxylic acid and the like can be cited. When these dicarboxyl c acids are
copolymeripedly mdtilsied i Hidadsoxylicvacid ibot edfoinpdt didurtoxpiicsdisstertbempoiiatsobtained by
subjecting 1 molecule of these d carboxylic acids to reaction with 2 molecules of alcohol having a
hydrocarbol gs60EeditAbD i 6 arbdn BYe%may Beotsed ! Moreelet ids hytioryearbowylie acid,
hydroxycarboxylic acid containing an aliphatic group or an aromatic group such as glycolic acid,
hydroxybut§figiaéize hytirbxylarerie 8€ dWydroxys,dprait seig fhyellvxipesmadieraphthalate
hydroxyheptanoic acid, hydroxyoctanoic acid, p-hydroxybenzotc acid, p-hydroxyethoxybenzo c acid
and the likes'GaN HEIBREYH OMBRS00E! WS AXEBHONE Buthporidit binkntieas thepdibobitiosted alkylene
glycol, dihydroxy compounds such as 1,2-propylene glycol, diethylene glycol, neopentylene glycol,
p-xylene gijduiry 4seyEtbreManddmmetRaHE1sp, PISiEtRiRIbXRRERyY ) dipHenyRRifdREIE  the
1,4-bis(13-hydroxyethoxy)benzene, 2,2-bis(p-P-hydroxyethoxyphenyl)propane, .
2,2-bis(p-PHRyarendRthtiretnORy pREYSIBFo it o dpamsy I1BHe Igly SR B tRE HRE%Can Y ilted. Other
than the above, dihydroxy compound in which I to 8 molecules of ethylene oxide are added to phenolic
hydroxyl griBptfhigpsaROAdailbe 5566 HisBBPHRA Hrdb e M eBHB6 M HawFg ke o more
ester-forming functional groups such as glycerin, pentaerythritol, tr nethylolpropane, trimesic acid,
trimell t ¢ a®idtalddhRATKE LA HE BI4E %e\ﬁ%ﬁif%laaﬁg@m%ﬁéﬁp&%éﬁmé% ithdpatitially linear.
[0017] As polyalkylene naphthalate of the present invention, it is necessary to contain 10.0% or
more of biomass-derived carbon by radioactive carpon (carbon 14) measurement in all the carbons in
the polymer. Moreover, the upper limit is preferably 25.0% or less, more preferably 24.0% or less and
still more preferably 23.4% or less. If the technology progresses in the future, this numerical value
would exceed 25.0%, and 100% polyalkylene naphthalate could be manufactured. [0018] As

polyalkylene naphthalate of the present invention, as described above, allcylene naphthalate is a
mainr reneaatinA 1init biit if heina formed nnlivy of ethvliene tearanhthalate the carbon atom conctitiitinn



coloring within a range in which the effects of the present invention are not lost. [0020] In the
wet-laid nonwoven fabric of the present invention, the polyalkylene terephthalate fully oriented staple
fibers or polyalkylene naphthalate fully oriented staple fibers are preferably fully oriented staple fibers
spun and drawn by an ordinary method by using polyalkylene terephthalate or polyalkylene
naphthalate. A draw ratio is preferably 1.2 to 30.0 times and more preferably 1.3 to 25.0 times. On the
other hand, the polyalkylene terephthalate low oriented staple fibers or polyalkylene naphthalate low

oriented stgple fikarsarg those,with fiker elanaationidagree-ef 498 1030091 1Be.srumand fully
oriented staple fibers by an ordinary method using polyalkylene terephthalate or polyalkylene

naphthalatey Pridicularly 1e0:ter3abeis Pseferatal082ldr or &N the athen hiand.the fully oriented

staple fibers and low oriented staple fibers are preferably staple fibers made of a single type of
polyester carpprreart,(Rutalae may heoks-in-shraildypelcomnpesiedipers in which a polymer
component (amorphous copolymer polyalkylene terephthalate, for example) which is melted by heat
treatment at 80 to 170C applied after web forming and exerts an adhesion effect is disposed in a
sheath part and other polymers (ordinary polyalkylene terephthalate such as polyethylene
terephthalaigi palyiineiRyiene terephtbalaie; mebtbutylene terephthalate and the like, for example)
having a melting point higher than these polymers by 20C or more are disposed in a core part. The
polyalkyleri@ tergphthalate low oriented staple fibers and polyalkylene implithalate low oriented staple
fibers may be known composite fibers such as concentric core-and-sheath composite fibers, eccentric
core-and-sheath compesienfibers, sitle-byrsisencompesitedibers angh dredikay whergiet & binder
component (low-melting-pointcomponent) forms the whole of or a part of the surface of the single fiber.
[0022] ihbere cthenalfoye deseribe b arporphougleapolymeihphialicylene jesephibalatecpdeferably
has 50 mol% or more of ethylene terephthalate unit with respect to all the repeating units. Copolymer
components loitier tharethecethylereiétephthalate lynikiptinde dicapbhokylictacistepipdiients such as
isophthalic ac d 2,6-naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic acid, sodium
5-sulfoisophtiialate! adipicvacich , $ebeacicacidazetaitpridydodecaradichabavylisagide fiber
1,4-cyclohexanedicarboxylic acid and the like and d ol components such as
1,2-propanediolidid-pnopanedial, 1{4bhiatahediiogl, 1s5qdhtanedeinsile strength and heat
1,6-hexanediol,diethyleneglycol,1,4-cyc lo hexanedio I, 1,4-cyclohexanedi ethanol and the like. The
copolymer puolisikytene tdrephtithlats! is obtamed as @ randden copolypamerorvadsidck dopolymer
obtained from these materials. Particularly, terephthalic acid, isophthalic acid, ethylene glycol and
diethylene glytdhwhich thave dednbwidely usea drd fireferabljouseppdscainvain sontpasehtin terms of
costs. Such copolymer polyalkylene tereplithalate has a glass transition point within a range from 50
to 100C antlltvay, notdpiticatk idlsalatiystatime raditing poilrssn sornbaeses. [0023ksistadere it is
important that the polyalkylene terephthalate staple fibers and polyalkylene naphthalate staple fibers
have single: fises, firkarfasswB0f000aideT I0 detiteR 61 Preférabhp DGO to Bpdeciteravivrs areferably it
can be selected from 0.01 to 3.0 decitex, 0.1 to 2.5 decitex or 0.5 to 2.0 dec tex. If the single fiber
fineness is &hhkNer tHei OB0D1 Hecitexiitis, nsariRetht iRfidlityoak dihbrwoved fabhc b&€omes small
but also tensile strength as fibers might deteriorate, and this is not favorable. On the contrary, if the
single fiberYi9éReES s FaidRr WMRAITOIEBEItR, WEB HATSANIE) WHenbEint #6Fmed irtelddienwoven
fabric might deteriorate, and this is not favorable. Moreover, in the polyalkylene terephthalate staple
fibers and pBffaIKyIENkCaASRIHEIRRS Sl HISER Gt theshreutitft AHvetiidAC the cross-sectional shape of
the single fiber is particularly preferably circular, but modified cross-sectional shapes (hollow, polygon
of a triangle or more, flat, flat with a twist, multifoti and the like, for example) may be used. [0024]

Best Mode for Carrying Out the Invention
[0009]
An embodiment of the present invention will be described below in

detail.



In the polyalkylene terephthalate staple fibers and polyalkylene naphthalate staple fibers of the present
invention, the fiber lengths of the both are preferably within a range of 0.1 to 20 mm. Preferably it can
be selected from 0.5 to 15 mm, more preferably from 1.0 to 12 mm, 2.0 to 10 mm or 3.0 to 8.0 mm. If
the staple fiber length is smaller than 0.1 mm, the aspect ratio becomes small, and it is likely that the
staple fibers can easily drop during a web forming process. Moreover, if the staple fiber length is
smaller than 0.1 mm, productivity of the staple fiber manufacturing process needs to be lowered in

order 1o cut a unifop, (RALISARN 0 3RME FARE Sc AL ING ARATAE L Hh6 2IRPIeAIRERIRARIRIS larger

than 20 mm, it may becomé difficult for the staple fibers to be distributed in a medium during the web

forming progest, Inihe-Rolyalirlens tetephthalale staple. Jhers; and Rolualkyleng paphthalgte staple

fibers of the present invention, crimping as described in Japanese Unexamined Patent Application

Publication Na 5001268691 may.ne,2ppUst:: RUhIn QA IRIAFLCaspywalsl dispersign RpEformance

and to have better web uniformity, these polyalkylene terephthalate staple fibers preterably have no

crimp (no qrimping MAreRQverthe Rolalkyiane tergrhhalate. sianle, finers and.pelyalkylepe

naphthalate staple fibers of the present invention can be suitably used for a wet-laid nonwoven fabric

whether thay,ase fullyReiented sfaple fikers RE lqw.griented siaple fiRis, aswilkhe %qw@?d later.
[0025] In the polyalkylene terephthalate staple fibers and polyalkylene naphthalate staple fibers of

the presentinvgrtion ry heal sBHinkags AL AR0is Arferably: 0184, 15-9%iltds maie, pegferably 1.0 to
10.0% and still more preferably 2.0 to 8.0%.It can be set as appropriateé depending on the draw ratio
during drawing progesaing os ongthe, cenditions pfyelaxatier,beat treatmentRedormedafter that. On
the other %ﬁg in the cas% of the polyalkylene terephthalgg) low orien%r’gd staple fibe%gygnd’
polyalkylenginanithriate layyRriantedsstapie fikars nagwacturing is pessiniecse thatthe,dry heat
shrinkage at 180C indicates a negative value by selecting the relaxation heat treatment conditions and
the like, bup B dhe cesr 8¢ the yranwaciuinepndethe copdiions diselosaddn thersxamuple, fibers are
broken due to melting under the temperature of 180C and the dry heat shrinkage at 180C cannot be

measured iseMeeAsascl0Q2Bharemverandes to falpexanplifythenatne ofthesiapia fibers of the
present invention, a wet-laid nonwoven fabric (a) which contains 15 mass% or more and 100 mass%

or less of thenelyadkidens terepiihaidte Riaple fiherstan palyalkdens mapbihabate staple fikers for
which the biomass-derived carbon ratio, fineness, and fiber length are prescribed is preferably
employed. padhisa1apwewesd fabris.i aay one ahdd mass%epeMmore, 36 mMassvopd]mare a0 mass% or
more can be more preferably selected. Subsequently, a wet-laid nonwoven fabric containing 15
mass% or reote oftth polyalkylese wiephihalate fully erientedistapiestidersnes palyalkidens
naphthalate fully oriented staple fibers can be preferably employed. In this nonwoven fabric, any one
of 20 mass&% o5 Inere;i 30t inasslolodmoremt 40 diassho oy Mot chotibe maee pestarabiy Selected.
Subsequently, a wet-laid nonwoven fabric containing 15 mass% or more of the polyalkylene
terephthalateithw ofiphtedicstdple fiberglor potydlkyiéieyobphthalate dowldtiented staplérfikers can be
preferably employed. In this nonwoven fabric, any one of 20 mass% or more, 30 mass% or more or 40
mass% or thore lsarniemaeid prefetablyiselect8dcBy properly selecting aa mixidig aabioxoafiie fully
oriented staple fibers and the low oriented staple fibers, a nonwoven fabric with a good balance among
tensile stremgt, tehe strigragthtarcphidta linifermity dara beomahuofactutedinvibréi preferabiyt & wet-laid
nonwoven fabric (p) composed of one type or two types or more of only polyalkylene terephthalate
staple fibersronpneuypeasr phohtybesaridoreogfipbhlatkydent nhpghtkdapdtensthplechibbrsciglemployed. In
this wet-laid nonwoven fabric, too, 15 mass% or more and 100 mass% or less of the polyalkylene
terephthalateitbwdoribated stpte fberstorpdiyalkylénelnaziptiiyalate fowiorisritbd dtapterfibers are
preferably contained. Therefore, the former wet-laid nonwoven fabric (a) is likely to become a
nonwoven fabariccontaining potydlefin filbersd, pulps .andithe tikayfor ekanysies while whenksdter wet-laid
nonwoven fabric (f3) becomes a nonwoven fabric made of 100% polyalkylene terephthalate staple
fibers and/6f polyalikgtarhthaptthal densephes fibers dgo20p xylicinehd nodwidwehikabreofthe present
invention, regarding the weight ratio A/B between the polyalkylene terephthalate fully oriented staple
fibers and théegolyafkyldie atidpHtsadhes 1bworléned dtaple fibas dr Barviven tedolyaikylene
naphthalate fully oriented staple fibers and the polyalkylene naphthalate low oriented staple fibers, a
wet-laid nof8véit babifc adingeandightichtidowiekrnradimgefrishnn8/85:t085 /48] hrefstably from
20/80 to 80/20 or from 30/70 to 70/30 or more preferably from 40/60 to 60/40 is preferable. If the
weight ratid\sf#hie ki oridptebsipie fibits fy staneptindiasbaren rargeforvcdalpilignef the
nonwoven fabric is lost and scuffing or the like may easily occur, wlich is not preferable. On the
contrary, if the weight ratio of the low oriented staple fibers is larger than the stated range, the
completed wet-laid nonwoven fabric is too compact and resembles a film, and tensile strength or tear
strength as a wet-laid nonwoven fabric deteriorates, which is not preferable.



[0028] In the wet-laid nonwoven fabric composed only of the polyalkylene terephthatate fully
oriented staple fibers and the polyalkylene terephthalate low oriented staple fibers or only of the
polyalkylene naphthalate fully oriented staple fibers and the polyalkylene naphthalate low oriented
staple fibers,aromaticpolyesterfibers (for example polycyclohexane terephthalate fibers, and
poly(cyclohexane dimethylene)terephthalate fibers), wooden pulp (pulp mainly using softwood, also
referred to as NBKP in some cases), rayon fiber or the like may be contained if it is 10 mass% or less,
preferably @inassfoyaidess _r, moseredesably Phiiel 40 mass% ol e lotak weightaf the donwoven
fabric. Moreover, the weight per unit area of the wet-laid nonwoven fabric in the present invention may
be selected#idicaardanceiwitib g purprse andlisthet pardicylarlybimiad but iHisiesualhyyithin a
range of 10 to 500 g/m2, preferably 20 to 300 g/m2 or more, more preferably 30 to 200 g/m2, further
more prefedably 5Oxtol 0AAMMAIAO20} a colhe Staplesfibers ofliberpesent invantion.dasaribed above
can be manufactured by the following method, for example. Polyalkylene terephthalate or polyalkylene
naplithalatés to Wimiclr dnyigg dreatmentis sufficiantlysapplied is dischargedfronhalspinaetdt using a
known spinning facility and taken up at a speed of 100 to 2000 m/main while being cooled so as to
obtain an lewl arigetiedayad) . Slibseqientlid diandhgiseatmend iaepplied ibdhe ebtaipedddw oriented
yarns in hot water at 70 to 100C or a steam at 100 to 125C. If it is used as a binder fiber for a
nonwoven {diaemad vialt ey desgebed fatericthendbove: desardeddrawifig dreatment dodsonot have to
be applied in some cases. Moreover, after the drawing treatment or n an undrawn state, crimping is
applied as cedessary dameiliagéntiaecbodint dothd apidationhard gikposexiglappliedsanctdrying and
relaxation thermal treatment are performed and then, it is cut to a predetermined fiber length so that
the staple filogrslghthei prdsenttinventah wax lberbotajriéed .a[00B0ht a fohs cifatjent bseglin the
manufacture of the staple fibers may contain silicone compounds of an amount not obstructing
achievemedtoit ehecolmjgctwfdhetpresedt iyventigrr amg al typelnot bbstfudting akhmvemghtof the
object of the present invention. Since the staple fibers are dispersed in water during manufacturing of
the wet-laidiasiwovenaabon st lof2a mopotyiter of pdiydikyidre tepephthyalate aubd padyethylene glycol
having hydrophilic property and a good affinity with polyalkylene terephthalate or polyalkylene
naphthalatevedn Be preferaiibemplopetbasah ditagbke Thiscobolymedis alMo refereed s as
polyether/ester copolymer. In this copolymer, in order to have a good balance between hydrophilic
property arftvdffiiscwittopolyesistda polyeiheresteroopolymiu iyatisiying.dt ydasx arglofithe following
conditions is preferably used. A number average molecular weight of polyethylene glycol to be used is
preferably 200D tby3D00,YsrRRTONE preférdhfy 16a o LoD cPaldthiletio yile predesapdidn 50 to 80
mass%, or more preferably 60 to 75 mass% is used with respect to the total weight of the
polyether/elstsk eapoigtnes ¥ his sbiyathyidte lgkicotabnstitresd poNetrrsrisertiah. Tise kedaining
portion of 20 to 50 mass% or preferably 25 to 40 mass% constitutes a polyester portion. The
dicarboxyli€ ¥BBRpoRBticohsiutig tABPolydesst sion s prateradlycedpsaimdriged it 5 to 30
mol% of isophthalic acid with respect to the total diearboxylic acid component constituting the
polyester pofiioy RS theatétRainitg ditarboxytie HERFeshponeh, tafephishivisai isepreferably used.
As the d ol component constituting the polyester portion, ethylene glycol is preferably used. This oil
agent is pré¥é%{é)w%rbv@aqa 1adrféré@é5a. 065 %&m& MadIrRiH teiplect td thetaigiarlbers. The
amount of the oil agent to be adhered to the staple fibers is preferably within a range from 0.0008 to
0.008 mass96, orarsiétetably fror ol -fo 6568 5Has5% or ﬁwésfig?éfféfr%w Hoihg 8820 0.004
mass%. [0031] Next, a manufacturing method of a wet-laid nonwoven fabric of the present
invention wil'bé Yelsbetietidstisrrfbers obtained by thy SHUVECHRRALYBRENSD M ASBAL  that is, the
polyalkylene terephthalate fully oriented staple fibers and the polyalkylene terephthalate low oriented
staple fibers: 67 tRelpBXRAIRAERE AZSRRARIS RIMy bR StaBRITBETE SR &Iy polyaid e
naphthalate_low oriented, staple fibers are subjected to wet-laid web forming and then dried. At this
time, dryin}%gep%%hﬁecdtaﬁer tfve DA Wsh FBFrifng! B ISingotie o9 bitbAtetf Bi&pI fiBers (A) and
the low oriented staple fibers (B) so that their weight ratio A/B is preferably within the range of 15/85 to
85/15. At tHat't 895&%@@&% BTt L sHbrP IR 1ndrE & i FiF Bt kheir

combinatiop .(muyltilayer web fqrming) can be used depending on the shape of a wire part for web
forming anT AT (a Gy TBHOAP AR Lo te HEE Y weB TG vitoUEa DG, A the
drying treatment proces§,_a d_rumglr}/er_or air-through dryer is preferably used for applying heat
roatment ARy AT A Hotih v ARED GRS BHIGHS HEGHeSH borRAEE 5N L E)fcrcal drurm,

multi-cylinder drum in which a large number of drums are aligned, hot air suction (air-through dryer) by
hot air and the like can be used. At that time, a range of 30 to 150C is preferable as a drying treatment
temperature. [0032] After the drying treatment process, calendering (nonwoven fabric is passed
through two heating rolls) treatment can be performed in the final stage as necessary. By applying
such calendering treatment, at least a part of the low oriented staple fibers is melted and heat

adhesion between the staple fibers become firm, and a wet-laid nonwoven fabric having excellent
tancile ctreanath fran be nhtained In arder to imnrove tencile ctrennth of 2 nonmaovven fahriece ac ahnve



preferably within a range of 10 to 500 um and a nozzle hole interval is preferably from 500 pm to 10
mm in order to entangle them firmly and keep web uniformity favorable. Moreover, the water pressure
is preferably used within a range of 10 to 250 kg/cm2. A machining speed is preferably used within a
range of 15 to 200 m/min. [0034] The wet-laid nonwoven fabric obtained by the present invention
is excellent in adhesive strength and heat resistance at a reduced environmental burden by using the
polyalkylene terephthalate or polyalkylene naphthalate staple fibers containing biomass-derived

carbon. Example 003k 5. eURSSAUSIEY.cGXamples ARG COMPaAvE, XA Ies 0 he present

invention will be described in detail, but the contents of the present invention are not limited by them.

Each measpiementiem i remples 1as.measyiasdy: the foliowing meiheds. [0036] (a) Glass

transition temperature (TQ) Measured under the condition of a temiperature rising speed of
20C/mm in[@gq@qdance with differential scanning calorime y (DSC) described in JIS (representing
Japanese Industrial Standard. The same applies to the following) K7121. [0037] (b) Intrinsic viscosity

(n)  Determinedfroma alue.biaineh by MeaSYIngithe:viscasity ol a dikying 56 utign in which a

polyester sample is dissolved in orthochloropheno | at 100C for 60 minutes by using Ubbelohde

viscometerat:35G. [0R38h (R Single fiRer finangssy  tMeasyiegh in peaprdange with the mpethod
described in JIS L 1015:2005 8.5.1A method. [0039] (d) Fiber length Measured in accordance with

the method,geseribadin e kA8 200584 46 methnd JA0A3 () iher sleratiHiber glongation

all the carbons in the polymer. Moreover, the upper limit of this numerical
value range is 100%, but at present, due to restriction in manufacturing, that
is, since an industrial method using terephthalic acid made of
biomass-derived carbon for the terephthalic acid portion has not been
sufficiently established, 25.0% or less is preferable, 24.0% or less is more
preferable and 23.4% or less is still more preferable. If the technology
progresses in the future, this numerical value would exceed 25.0%, and
100% polyalkylene terephthalate could be manufactured. Here, in
specifying the content of a biomass-derived component in the present
invention, the meaning of making radioactive carbon ({carbon 14)
measurement will be described below.

[0011]

In the upper atmospheric layer, a reaction in which cosmic rays
{neutron) collide with nitrogen atoms and generate carbon 14 atoms occurs
continuously, and since the generated carbon 14 atoms circulate the entire
atmosphere, it is indicated in measurement that carbon dioxide in the
atmosphere contains a certain ratio [107 pMC (percent modern carbon) as

an average value] of carbon 14. On the other hand, since the carbon 14



Measured in accordance with the method described in JIS L 1015:2005 8.7.1. [0041] (O Crimping
number, crimping rate Measured in accordance with the method described in JIS L 1015:2005
8.12. [0042] (g) Dry heat shrinkage at 180C. Measured at 180C in accordance with the method
described in JIS L1015:2005 8.15b. [0043] (h) Thickness, weight per unit area (weight, mass per
unit area) and density The thickness of the nonwoven fabric was measured in accordance with the
method described in JIS L1913:2010 6.1 and the weight per unit area of the nonwoven fabric was

measured by e rgtiad described niSdA913:2010,6i2MorRaNer belensitol i qgnwoven

fabric was calculated by dividing the weight per unit area of the nonwoven fabric by the

above-deseribadvabie ohiRe Neawqyen g thickness-JA04d sen ot Wek1aid Nonwevep fabric
tensile strength Measured based on 11S P8113 (Paper and board -- Determination of tensile

properties) 5[@84S]ycars (W kaBteRt of sadioaghve rarbepdearbam 44) KRiomass-deriveg ¢gpbon ratio)
A mixed ratio sample of the biomass-derived carbon by measurement of radioactive carbon (carbon

14) was subjaeted J0-ai ARCEIE AR SRERTQMetes {AMR L and the cantent of carbenl4 was
measured. Carbon dioxide in the atmosphere contains a certain ratio of carbon 14 (because neutrons

collide withyyitregaRatemscand enerala rhanddnatomsingthe pner @énaoem%érﬂceiﬁue@y but fossil
materials such as petroleum contain almost no carbon 14 (because carbon 14 changes to nitrogen

under the gieunddn ashedfclife 9f D3O yearsnvnile releasing fraghiation) 40 e aihes Handethe ratio of
carbon 14 in the atmosphere at present is measured to be a specific value [107 pMC (percent modern

carbon) as anaveiage valuah@bd it inknavmthatraihen 1418 daken dRcat ARisoiatie ipigdbe present
plants performing photosynthesis. Therefore, by measuring the contents of all the carbons and the

carbon 14 imthe:samples the reliaef thecdiomassidespied Garham b thecarba gontaiaeghin the
sample can be determined (See the following formula): Biomass-derived carbon ratio (%) =
(amount of iomgassnderivede«sariben in:sample/totasarbonanosnt iR sasie) 109046}
discussed below.
[0012]
Moreover, in the measurement of radicactive carbon (carbon 14), the
content of a biomass-derived component can be also analyzed with respect
to recycled polyalkylene terephthalate obtained by material recycling,
chemical recycling and the like, and thus, this is an effective method also in
promoting cyclic use of the biomass-derived component for the purpose of
recycling. Therefore, as polyalkylene terephthalate of the present
invention, not only polyalkylene terephthalate newly obtained by
copolymerizing a biomass-derived component material but also
polyalkylene terephthalate obtained by material recycling or chemical
recycling using a biomass-derived polyalkylene terephthalate as a material

1s included.

[0013]



(k) Web uniformity The state of the surface of a finished nonwoven fabric sample was visually
checked and 4-grade evaluation was made Evaluation was designated as 4th-grade, 3rd-grade,
2nd-grade, and 1st-grade in the order of descending quality from the best web uniformity. [0047]

In the following Examples/Comparative Examples, polyethylene terephthalate containing 10% or more
and 100% or less of biomass-derived carbon is referred to as bio-polyethylene terephthatate or b
0-PET, and polyethylene naphthalate containing 10% or more and 100% or less of biomass-derived
carbon is referred (q a5, bio:peleihylene NARIAIAlS 41, PIREN, Moreguers known palyctyiene
terephthalate not contglnlﬁlg iDmass-defived carbon is referrad to as petroleum-derived polyethylene

hthal -derived, . . | late 1 ini
Leigerﬁa;;‘ daeirﬁiﬁ fé?@f#@e&% é%tﬁﬂt@?? 5@8‘9’%19?%%?%1(? i r}ﬁ,p{?{ﬂa@t e1R% Gomaining

to as petroleum-derive ylene naphthafate or
petroleum-derived.P. 0048] [EX (Bi lyethylene ter. halate fully orien taple fibers)
After bio-pc%égyhygf;ﬁgﬁlglr%elgﬁt%%a?ﬁ Epﬁ%g%t]?]ﬁaﬁégf;%g%% ygyﬁeﬁjiﬁgﬁgée dgn{egén it \?v%%?r#é ?Ié at 290C

and dischayged, i L BR.0/miN traal.a sAnNstelnang 1132 NRISR AN aKen in al,spagd of S00

rn/mm so as to n low oriented fibers. T w oriente ers were made to converge into a tow of
approxima h 7] tex a g}g in_h et %.7 [ ain fully
oriented fitf%r%ﬁl\%l%%e \l}/e%r%l[ﬁregﬁﬁyt}% Z)érliér}l%e%?f%e s%1 @vﬂ;arllewm%é\gat%ﬁ gagsti1 Aﬁéat%g%g%ggﬁgscgr%{ulsion (solid
concentratign, at; 3 0%y of a-polyether/polyester copolymer having number average molecular eight of
approximately 10000 shown below and squeezed so that moisture content in the fully oriented fibers
falls to apprgyimgtely 12%. In this polyether/polyester copolymer, a polyester portion is composed of
80 mol% of terephthalic acid and 20 mol% of isophthalic acid as the dicarboxylic acid component and

ethylene glycol as &, dighcmponepi Afdhf PAUYESHIRAIYT Jﬁ@tﬁ@%y%ﬁi‘?ﬂ&%“%t 1, $G mass% of

the polyether/ester copolymer is composed of this polyethylene terephthalate/isophthalate copolymer,

while the remaining {08ass¥s of theRolyglEE ROMISN IS, PAPAlYMEr RMPQR3eHRfEd mass% of

polyethylene glycol having number average molecular weight of 3000. After that, the fully oriented

fibers wereyyiai & fthes {eroth St?rmﬂ%@Qyt dRangnedrying.uas #relied. apehpineplygthylene
terephthalate fully oriented staple tibers (no crimp) having single fiber fineness of 0.60 dec tex were

obtained. [@Q48](&iaipplyethylene; terephibalate {aw crieptad siapie HhesMhes tefr\é(}%tlaiﬂ-ﬁaolyethylene
terephthalate chips manufactured by Teljin were dried, it was melted at 290C and discharged at 180
g/min through @ spinaeeichaving 1192 noles,and 4aker: g at §:spsedof P09 Py/mimse asde obtain low
oriented fibers. The low oriented fibers were made to converge into a tow of approximately 140

thousand degitex«AftririRat withit drawingsthe lpwnerigiied fibaip yere mada Joassithsough
aqueous emulsion (solid concentration at 3.0%) of a polyether/polyester copolymer having number

average maleentan weigbhafarproxindataly1 10000ishown el i saueezed 56 thatrmaisture
content in the fully oriented fibers falls to approximately 12%. The composition hjf the
polyether/palyesies Capalymiet isipe same as thatabihe kiomealyethlens terephifialatefiilly oriented
staple fibers. After that, the low oriented fibers were cut at a fiber length of 5 mm without drying, drying
was applieds aadpaipalyethylane tereplithalale lonsoiiries stapld fiberss(peasimp)i kaviag single
fiber fineness of 1.2 decitex were obtained. [0050] (Wet-laid web forming processing, drying treatment
and calendering tteatmént) and The hionpehiethylene teraphihadate folly onigntadistapletfibers and the
bio-polyethylene terephthalate low oriented staple fibers were mixed and agitated at the weight ratio of
70/30 usinglwater as semegiiemsddthen made inka paper dsingca imahwat papke machinesfby Kumagai
Riki Kogyo Co., Ltd., model: No. 2555, standard square sheet machine, the same applies to the
following). Suhseqeehthiythe papered Hibersdiese subjectesbio dryirigptiedtnentaisi20Gdot 2 minutes
by using a rotary dryer (by Kumagai Riki Kogyo Co., Ltd., model: 2575-11, rotary dryer (high
temperaturdaype}cAfter thatjwalenderihy (k80Chxr 200 tkg/crhq 1880cNef))iwmas eppghed by using a
device composed of metal roll/metal roll, and a wet-laid nonwoven fabric was obtained. The physical
characteristiestofitHeyfully oréntedistaple fibens{ theblow biemied stapleciivens andythid ywetdaid
nonwoven fabric are shown in Table 1. [0051] [Example 2] A wet-laid nonwoven fabric was
obtained by d¢hepimdthiad il grabythétydé Examaplet hdxoe ptahat ithe imgxing pato hietnean the fully
oriented staple fibers and the low oriented staple fibers was changed from that given in Example 1.
The physicaldhtratteristies of thd fhilycordntde: staplechib ers vihe low orehtedtstapte fiderssand the
wet-laid nonwoven fabric are shown in Table 1. [0052] [Example 3] (B o-polyethylene naphthalate fully
oriented staplerfibers)) valueafter bio-polyethylene naphthalate chips manufactured by Teij n were
dried, it was melted at 320C and discharged at 310 g/min through a spinneret having 1305 holes and
taken in at a speed of 1350 m/min so as to obtain low oriented fibers. The low oriented fibers were
made to converge into a tow of approximately 130 YHousand decitex and then drawn in hot water to
1.85 times so as to obtain fully oriented fibers. Moreover, the



fully oriented fibers were made to pass through the same agueous emulsion (solid concentration at
3.0%) of a polyether/polyester copolymer as that used in Example 1 and squeezed so that moisture
content in the fully oriented fibers falls to approximately 12%. After that, the fully oriented fibers were
cut at a fiber length of 5 mm without drying, drying was applied, and bio-polyethylene naphthalate fully
oriented staple fibers (no crimp) having single fiber fineness of 0.5 dec tex were obtained. [0053]
(Bio-polyethylene naphthalate low oriented staple fibers) After bio-polyethylene naphthalate chips
manufactur@q}l?g Teijin were dried, it was melted at 320C and discharged at 290 g/m n through a
spinneret havin 5305 holes and taken in at a speed of 1000 m/min so as to obtain low oriented fibers.

The | iented fi tQ-. iNto aut f imat: Q th d.decitex.
c low onnted b, MRS SAHE IO IPY SLAPRIIAGLL LAt doc

After that, without drawing, ers wer e'same agueous
A0l

emulsion (i goneRnaion g LeierRalesIst oIS AR RtGRd ipexample |

and squeezed'so msture%ontent m%ﬁ%qfow oriente ers falls to approximate Yo.After that,

the low oriie Thets, eisy k3 TSt et oh 6.u il g g wes apRlag. and

bio-polyethylene naphthalate low orierited staple fibers (no crimp) having neness of 1.1

decitex werg; obajped,, [Q034] (Wet-laid ygb B?ﬁ%iﬂg 19r%e%§i@9mwi@ﬂ%n%%m% And gajgndering

treatment) The bio-polyethylene naphthalate fully oriented staple fibers and the bio-polyethylene

naphthalate Jaw . Queted, siaRle HRers, Wele JRxad g ﬂgét%ﬁ{%eafdﬁﬁ R Y

water as a medium and then made into paper using a manual papering machine (by Kumagai Riki

Kogyo CO-’c'o%e'ﬁ‘B%BlNgm%?@éu%ﬁgﬁ%%q ugre sheet maghine, fhe same apRles q40g following).

Subsequently, the papered fibers were subjected to drying treatment at 145C for 2 minutes by using a

rotary dryep, Ry kumagal RiKEPAYQIGsiHdnedel AR e i S URDCAYEE MUK [STREIRIUre type)).
After that, calendering (180C x 200 kg/cm (1960 N/cm)) was applied by using metal roll/métal roll, and

a wet-laid ngrwoven fabric was.aktaingdehhe Physical characteristics of Sagifully9rignied staple

fibers, the low oriented staple fibers and the wet-laid nonwoven fabric are shown in Table 1. [0055]

[Example 4ioxid@ wet-daidipanwouen fabsic was ohtaingd by themethod similar de that of Example 3
except that the ratio between the fully oriented staple fibers and the low oriented staple fibers was

changed frerathahgiven in Example 3ichhe physical charagteristicsef hesfulby otientad staple fibers,
the low oriented staple fibers and the wet-laid nonwoven fabric are shown in Table 1. [0056][Table 1]

Item Unit Exaamplank Example2deyaenpleid Bxamipfad Faly arentad fiein carbon dioxide
in the atmosphere have become necessary. On the other hand, plants
absorb carbon dioxide in the air during growth and fixes carbon to
themselves by photosynthesis. Therefore, carbon dioxide generated when
plastic manufactured from the plants as a material is used and burned after
the use can be considered to be in the same quantity as that of the carbon
dioxide originally absorbed by the plants. That is, even burning of these
plastics merely leads to a so-called carbon neutral state and carbon dioxide
on the earth is not increased, thereby reducing the environmental burden.
[0016]

Polyalkylene naphthalate constituting the polyalkylene naphthalate
staple fibers of the present invention has alkylene glycol and naphthalene

dicarboxylic acid as main constituent components. The main constituent

11



Polymer type Bio-PEF Die-PET Bio-PEN Die-PEN Single fiber fineness dtex 0.6 0.6 0.5 0.5 Fiber
length man 5.0 5.0 5.05.0

component means that a repeating unit of polyalkylene naphthalate is 80
mol% or more of the total. The polyalkylene naphthalate preferably
contains an ethylene naphthalate unit. The ethylene naphthalate preferably
contains an ethylene-2,6-naphthalate unit and the ethylene-2,6-naphthalate
unit is preferably contained in 90 mol% or more per repeating unit
constituting polyalkylene naphthalate, and the staple fibers may be formed
of a polyester polymer containing an appropriate third component at a ratio
less than the remaining 10 mol%. As alkylene glycol constituting
polyalkylene naphthalate other than the ethylene naphthalate unit, linear
alkylene glycol having 2 to 10 carbon atoms or preferably linear alkylene
glycol having 2 to 6 carbon atoms can be cited. Specifically, ethylene
glycol, trimethylene glycol, tetramethylene glycol, hexamethylene glycol,
octamethylene glycol or decamethylene glycol can be cited. As
naphthalene  dicarboxylic  acid, 2,6-naphthalenedicarboxylic  acid,
2,7-naphthalenedicarboxylic acid, 1,5- naphthalenedicarboxylic acid or
1,6-naphthalenedicarboxylic acid can be cited. As the component other
than these alkylene glycol and naphthalenedicarboxylic acid, that is, as the
third component, a compound having two ester-forming functional groups
per molecule or as aliphatic dicarboxylic acid, for example, oxalic acid,
succinic acid, adipic acid, suberic acid, sebacic acid, dodecanedioic acid
and the like can be cited. As alicyclic dicarboxylic acid, cyclopropane
dicarboxylic acid, cyclobutane dicarboxylic acid, hexahydroterephthalic
acid, cyclohexanedicarboxylic acid or dimer dicarboxylic acid can be cited.

More detailed description of the dimer dicarboxylic acids cited above are as

12



Fiber strength cN/dtex 4.5 4.5 4.5 4.5 Fibelongation. % 50 50 35.8 35.8 Dry heat shrinkage at 180C
% 5.05.05.55.5

described above. As aromatic dicarboxylic acid other than
naphthalenedicarboxylic acid, phthalic acid, isophthalic acid, or
dicarboxylic acids including aromatic group such as 4,4’-diphenyl
dicarboxylic acid, diphenyl ether dicarboxylic acid, diphenyl sulfonic acid,
diphenoxy ethane dicarboxylic acid, 3,5-dicarboxy benzene sulfonate
(5-sulfoisophthalate), benzophenone dicarboxylic acid and the like can be
cited. When these dicarboxylic acids are copolymerized, not limited to
dicarboxylic acid but a form of dicarboxylic diester compound obtained by
subjecting 1 molecule of these dicarboxylic acids to reaction with 2
molecules of alcohol having a hydrocarbon group with 1 to 6 carbon atoms
may be used. Moreover, as hydroxycarboxylic acid, hydroxycarboxylic
acid containing an aliphatic group or an aromatic group such as glycolic
acid, hydroxybutyric acid, hydroxyvaleric acid, hydroxycaproic acid,
hydroxypentanoic acid, hydroxyheptanoic acid, hydroxyoctanoic acid,
p-hydroxybenzoic acid, p-hydroxyethoxybenzoic acid and the like can be
cited. Moreover, as alcoholic component other than the above-described
alkylene glycol, dihydroxy compounds such as 1,2-propylene glycol,
diethylene glycol, neopentylene glycol, p-xylene glycol,
1, 4-cyclohexanedimethanol, p,p ~bisthydoxyethoxy)diphenyl sulfone,
1,4-bis(f-hydroxyethoxy)benzene,
2,2-bis(p-p-hydroxyethoxyphenyl)propane,
2,2-bis(p-B-hydroxyethoxyethoxyphenyl)propane, polyalkylene glycol and
the like can be cited. Other than the above, dihydroxy compound in which

I to 8 molecules of ethylene oxide are added to phenolic hydroxyl group of

13



13iomass-derived carbon ratio % 20 20 10 10 Low oriented fiber (binder fibers) Polymer type
Die-PET Die -PET Die-PEN Bio-PEN Binderbet s (type) UDY UDY UDY UDY

bisphenol A can be also used, and moreover, compound having three or
more ester-forming functional groups such as glycerin, pentaerythritol,
trimethylolpropane, trimesic acid, trimellitic acid and the like can be also
used within a range in which a copolymer is substantially linear.

[0017]

As polyalkylene naphthalate of the present invention, it is necessary
to contain 10.0% or more of biomass-derived carbon by radioactive carbon
(carbon [4) measurement in all the carbons in the polymer. Moreover, the
upper limit is preferably 25.0% or less, more preferably 24.0% or less and
still more preferably 23.4% or less. If the techunology progresses in the
future, this numerical value would exceed 25.0%, and 100% polyalkylene
naphthalate could be manufactured.

[0018]

As polyalkylene naphthalate of the present invention, as described
above, alkylene naphthalate is a major repeating unit, but if being formed
only of ethylene terephthalate, the carbon atom constituting the polymer has
[2 atoms of ethylene-2,6-naphthalate monomer and 2 atoms of ethylene
glycol monomer, and ethylene-2,6-naphthalate and ethylene glycol react at a
molar ratio of 1:1.

[0019]

The above-described polyalkylene terephthalate and polyalkylene
naphthalate may contain additive agent, fluorescence brightening agent,
stabilizing agent, flame retardant, flame retardant auxiliary agent,

ultraviolet absorbing agent, antioxidant agent or various pigments for
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Single fiber fineness dtex 1.2 1.2 1.1 Fiber length mm 5.0 5.0 5.0 5.0 Fiber strength cN/dtex 0.91
0.911.941.94

coloring within a range in which the effects of the present invention are not
lost.
[0020]

In the wet-laid nonwoven fabric of the present invention, the
polyalkylene terephthalate fully oriented staple fibers or polyalkylene
naphthalate fully oriented staple fibers are preferably fully oriented staple
fibers spun and drawn by an ordinary method by using polyalkylene
terephthalate or polyalkylene naphthalate. A draw ratio is preferably 1.2
to 30.0 times and more preferably 1.3 to 25.0 times. On the other hand, the
polyalkylene terephthalate low oriented staple fibers or polyalkylene
naphthalate low oriented staple fibers are those with fiber elongation degree
of 100 to 500% in the spun and fully oriented staple fibers by an ordinary
method using polvalkyvlene terephthalate or polyalkylene naphthalate.
Particularly 150 to 300% is preferable.

[0021]

On the other hand, the fully oriented staple fibers and low oriented
staple fibers are preferably staple fibers made of a single type of polyester
component, but also may be core-in-sheath type composite fibers in which a
polymer component (amorphous copoiymer polyalkylene terephthalate, for
example) which is melted by heat treatment at 80 to 170°C applied after web
forming and exerts an adhesion effect is disposed in a sheath part and other
polymers (ordinary polyalkylene terephthalate such as polyethylene
terephthalate, polytrimethylene terephthalate, polybutylene terephthalate

and the like, for example) having a melting point higher than these



Fiber elongation % 136.7 136.7 152.6 152.6 Dry heat shrinkage at 18037 % Measurement impossible
due to fusing Mtstweinent impossible due to fusing Measurement impossible due to fusing
Meastuoment impossible due to fusing

polymers by 20°C or more are disposed in a core part. The polyalkylene
terephthalate low oriented staple fibers and polyalkylene naphthalate low
oriented staple fibers may be known composite fibers such as concentric
core-and-sheath composite fibers, eccentric core-and-sheath composite
fibers, side-by-side composite fibers and the like, wherein a binder
component {low-melting-point component) forms the whole of or a part of
the surface of the single fiber.

[0022]

Here, the above-described amorphous copolymer polyalkylene
terephthalate preferably has 50 mol% or more of ethylene terephthalate unit
with respect to all the repeating units. Copolymer components other than
the ethylene terephthalate unit include dicarboxylic acid components such
as isophthalic acid, 2,6-naphthalenedicarboxylic acid,
2,7-naphthalenedicarboxylic acid, sodium 5-sulfoisophthalate, adipic acid,
sebacic acid, azelaic acid, dodecanedicarboxylic acid,
1,4-cyclohexanedicarboxylic acid and the like and diol components such as
1,2-propanediol, l,3-propanediol, I,4-butanediol, I,5-pentanediol,
1,6-hexanediol, diethylene glycol, 1,4-cyclohexanediol,
1,4-cyclohexanedimethanol and the like. The copolymer polyalkylene
terephthalate is obtained as a random copolymer or a block copolymer
obtained from these materials. Particularly, terephthalic acid, isophthalic
acid, ethylene glycol and diethylene glycol which have been widely used are
preferably used as a main component in terms of costs. Such copolymer

polyalkylene terephthalate has a glass transition point within a range from
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Ratio ofbionaass-derived carbon centeot % 20 20 10 10 Exasnp lel Example 2 Example 3 Example 4
Other fibers  Raw cotton composition (fully oriented fiber/low oriented fiber/others)

50 to 100°C and may not indicate clear crystalline melting point in some
cases.
[0023]

Here, it is important that the polyalkylene terephthalate staple fibers
and polyalkylene naphthalate staple fibers have single fiber fineness of
0.0001 to 7.0 decitex or preferably 0.001 to 5.0 decitex. More preferably
it can be selected from 0.01 to 3.0 decitex, 0.1 to 2.5 decitex or 0.5 to 2.0
decitex. If the single fiber fineness is smaller than 0.0001 decitex, it is not
only that rigidity as a nonwoven fabric becomes small but also tensile
strength as fibers might deteriorate, and this is not favorable. On the
contrary, if the single fiber fineness is larger than 7.0 decitex, web
uniformity when being formed into a nonwoven fabric might deteriorate,
and this is not favorable., Moreover, in the polvalkylene icrephthalate
staple fibers and polyalkylene naphthalate staple fibers of the present
invention, the cross-sectional shape of the single fiber is particularly
preferably circular, but modified cross-sectional shapes (hollow, polygon of
a triangle or more, flat, flat with a twist, multifoli and the like, for example)
may be used.

[0024}

In the polyalkylene terephthalate staple fibers and polyalkylene
naphthalate staple fibers of the present invention, the fiber lengths of the
both are preferably within a range of 0.1 to 20 mm. Preferably it can be
selected from 0.5 to 15 mm, more preferably from 1.0 to 12 mm, 2.0 to 10

mm or 3.0 to 8.0 mm. [f the staple fiber length is smaller than 0.1 mm, the
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mass% 70130/0 50/50/0 70/30/0 50/50/0 Wet-laid nonwoven fabric ManufactuOng method Wet-laid
web conning method Wet-laid web forming method Wet-laid web Conning method Wet-laid web
forming method Rotary dryer treatment conditions

aspect ratio becomes small, and it is likely that the staple fibers can easily
drop during a web forming process. Moreover, if the staple fiber length is
smaller than 0.1 mm, productivity of the staple fiber manufacturing process
needs to be lowered in order to cut a uniform fiber length in some cases.
On the contrary, if the staple fiber length is larger than 20 mm, it may
become difficult for the staple fibers to be distributed in a medium during
the web forming process. In the polyalkylene terephthalate staple fibers
and polyalkylene naphthalate staple fibers of the present invention,
crimping as described in Japanese Unexamined Patent Application
Publication No. 2001-268691 may be applied, but in order to increase water
dispersion performance and to have better web uniformity, these
polyalkylene terephthalate staple fibers preferably have no crimp (no
crimping). Moreover, the polyalkyiene terephthaiate staple fibers and
polyalkylene naphthalate staple fibers of the present invention can be
suitably used for a wet-laid nonwoven fabric whether they are fully oriented
staple fibers or low oriented staple fibers, as will be described later.

[0025]

In the polyalkylene terephthalate staple fibers and polyalkylene
naphthalate staple fibers of the present invention, dry heat shrinkage at
180°C is preferably 0.5 to 15.0%. It is more preferably 1.0 to 10.0% and
still more preferably 2.0 to 8.0%. It can be set as appropriate depending
on the draw ratio during drawing processing or on the conditions of
relaxation heat treatment performed after that. On the other hand, in the

case of the polyalkylene terephthalate low oriented staple fibers and

18



120 Cs(2min 1201(292min 145 Cht2min 145Cs2min Air-through dry er treatment conditions
Calendering treatment conditions (metal roll/metal roll) 180 C9200kg/cm 180 0(200 gict
180tC9200k8/cm 180] Ck200kg/cm Weight per unit area g991

polyalkylene naphthalate low oriented staple fibers, manufacturing is
possible so that the dry heat shrinkage at 180°C indicates a negative value
by selecting the relaxation heat treatment conditions and the like, but in the
case of the manufacturing under the conditions disclosed in the example,
fibers are broken due to melting under the temperature of 180°C and the dry
heat shrinkage at 180°C cannot be measured in some cases.
[0026]

Moreover, in order to fully exemplify the nature of the staple fibers
of the present invention, a wet-laid nonwoven fabric (a) which contains 15
mass% or more and 100 mass% or less of the polyalkylene terephthalate
staple fibers or polyalkylene naphthalate staple fibers for which the
biomass-derived carbon ratio, fineness, and fiber length are prescribed is
preferably employed. In this nonwoven fabric, any one of 20 mass% or
more, 30 mass% or more or 40 mass% or more can be more preferably
selected. Subsequently, a wet-laid nonwoven fabric containing 15 mass%
or more of the polyalkylene terephthalate fully oriented staple fibers or
polyvalkylene naphthalate fully oriented staple fibers can be preferably
employed. In this nonwoven fabric, any one of 20 mass% or more, 30
mass% or more or 40 mass% or more can be more preferably selected.
Subsequently, a wet-laid nonwoven fabric containing 15 mass% or more of
the polyalkylene terephthalate low oriented staple fibers or polyalkylene
naphthalate low oriented staple fibers can be preferably employed. In this
nonwoven fabric, any one of 20 mass% or more, 30 mass% or more or 40

mass% or more can be more preferably selected. By properly selecting a
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70 71 69 70 Thickness inm 0.11 0.10 0.08 0.09 Density Wei& 0.64 0.71 0.86 0.78 Tensile strength
N/15trun

mixing ratio of the fully oriented staple fibers and the low oriented staple
fibers, a nonwoven fabric with a good balance among tensile strength, tear
strength and web uniformity can be manufactured. More preferably, a
wet-laid nonwoven fabric (B) composed of one type or two types or more of
only polyalkylene terephthalate staple fibers or one type or two types or
more of polyalkylene naphthalate staple fibers is employed. In this
wet-laid nonwoven fabric, too, 15 mass% or more and 100 mass% or less of
the polyalkylene terephthalate low oriented staple fibers or polyalkylene
naphthalate low oriented staple fibers are preferably contained. Therefore,
the former wet-laid nonwoven fabric {a) is likely to become a nonwoven
fabric containing polyolefin fibers, pulps and the like, for example, while
the latter wet-laid nonwoven fabric (B) becomes a nonwoven fabric made of
100% polyalkylene terephthalate staple fibers and/or polyalkylene
naphthalate staple fibers.

[0027]

In the nonwoven fabric of the present invention, regarding the
weight ratio A/B between the polyalkylene terephthalate fully oriented
staple fibers and the polyalkylene terephthalate low oriented staple fibers or
between the polyalkylene naphthalate fully oriented staple fibers and the
polyalkylene naphthalate low oriented staple fibers, a wet-laid nonwoven
fabric having a weight ratio within a range from 15/85 to 85/15, preferably
from 20/80 to 80/20 or from 30/70 to 70/30 or more preferably from 40/60
to 60/40 is preferable. If the weight ratio of the low oriented staple fibers

is smaller than the stated range, form stability of the nonwoven fabric is lost
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21 32 32 41 Web umdfonnity class 4 4 4 4 Ratio of biom-derived carbon content % 20 20 10 10
Results Productivity of manufacturing process was favorable, web uniformity was excellent and
nonwoven fabrics with reduced environmental burden were obtained, Productivity of manufacturing
process was fiwomble, web uniformity was excellent and nonwoven fabrics with reduced
environmental burden were obtained,

and scuffing or the like may easily occur, which is not preferable. On the
contrary, if the weight ratio of the low oriented staple fibers is larger than
the stated range, the completed wet-laid nonwoven fabric is too compact
and resembles a film, and tensile strength or tear strength as a wet-laid
nonwoven fabric deteriorates, which is not preferable.

[0028]

In the wet-laid nonwoven fabric composed only of the polyalkylene
terephthalate fully oriented staple fibers and the polyalkylene terephthalate
low oriented staple fibers or only of the polyalkylene naphthalate fully
oriented staple fibers and the polyalkylene naphthalate low oriented staple
fibers, aromatic polyester fibers (for example polycyclohexane
terephthalate fibers, and poly(cyclohexane dimethylene)terephthalate
fibers), wooden pulp (pulp mainly using softwood, also referred tu as NBKP
in some cases), rayon fiber or the like may be contained if it is 10 mass% or
less, preferably 5 mass% or less or more preferably 0.1 to 4.0 mass% to the
total weight of the nonwoven fabric. Moreover, the weight per unit area of
the wet-laid nonwoven fabric in the present invention may be selected in
accordance with the purpose and is not particularly limited but it is usually
within a range of 10 to 500 g/m”, preferably 20 to 300 g/m® or more, more
preferably 30 to 200 g/m®, further more preferably 50 to 100 g/m?’.

[0029]

The staple fibers of the present invention described above can be

manufactured by the following method, for example. Poivalkylene

terephthalate or polyalkylene naphthalate to which drying treatment is
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Productivity of manufacturing process was favorable, web unifomaity was excellent and nonwoven
fabrics with reduced environmental burden were obtained. Productivity of manufacturing process was
“favorable, web uniformity was excellent and nonwoven fabrics with reduced environmental burden
were obtained. UDY:Un awmg Yarn [0057] [Example 5] The fully oriented staple fibers described
in Example 1, low oriented composite staple fibers shown below, and wooden pulp (NBKP) were
mixed and agitated at the mass% ratio of 50/30/20 using water as a medium. Using the mixture, a
wet-laid non en f I’IC W btalned the ethod similar to that of Example 1 except that
calenderlné § Hat ngh‘elff) feal crﬁ%%btﬂertgﬁ&‘%t%éttfﬂ% 8r%h?é%%?§’dt5’ﬁ‘6%rs the low

ted ite st I fib d th h T bI 058]
e R T SR R

polyethylene terephthalate ohtained b € )Efa ermg atafract 1% 40 mot% of IS hthallc aC|d
having intrifsic e ﬂ/ [ of V55’ EI]L/‘&J% dPEbf 658 MEHAIREY aftdAVARGuH (§1§t Boc for 24

hours was meI ed |n a ax%\ %tgadﬁf and. meggd]gr esteg&t ?ecr W{a§ t% |£5L,6)n the other

hand, a peﬁgpot po yef erne ereph alatre avin findic Viscodi /g meadlred after
vacuum drying at 120Cf 6 s.was. mejted in a piaxial der nd elted polyester at 280C
was obtaln)‘édsg%e two %3(/%5;% o?%%lt%l:; pl? estleruthec}?ormerglln Whi hlgv%rs %g)se alsl'Cg a shésth
componenthbcralnCd ttge Ia,tItIer as a, corebe%r'rtlcx?g{_ent[hBé vgg(r}efﬁr}ngl{t} }%‘ld di chargedtlrneg comPosne
manner through a known core-and-sheath corﬁpos ite splnnere aving 037 pléces of Circular-hole
capillaries, ceach haV| dtlargeter of Og mm S tha the crolgg sectl a [ea{ tlo becomes A:B =

50:50. At this tlmeothe composite gﬁ’ nnerefl temperatusreéswas 85C G d e disc argeélv atfiount was

870 g/min. %%te%g[ g} En%ed %QQ'SCQQ{QE me%esger was cooled by coollngralraat %q and

reeled at 1 F/Mmn so as o obtain an 10w orie §|5)Bsequ tli}, ltwas cut at a fiber length

of 5.0 mm so. %00891&%'&%0%0&%“ 98%"[% Ie&a%%ggggs @a gée (ngr fmenesa of 1.1

decitex. [OO 9 Example 6 A wet- nonwoven IC was o byt Method similar to that

of Example, xRt g (0 5, DEIHERY U ulh riented siapte ﬂP&{S the lowqgiegied, composite

staple fibers, and NBKP was changed from that given in Example 5. Thé p yS|caI characteristics of the

fully ortented sfeie igts, 1z Ion pranted samaRsue.aRRieihersrand e ueliald Aapupven fabric

are shown in Table 2. [0060] [Example 7] The manufacturing con e tully oriented staple
fibers descgibeq, in Fxample | were changed, and fully oriented staple fibers having single fiber
fineness of 0.17 decitex were obtained. A web was manufactured by an ordinary wet-laid spun lace
method usim)@@ the fully oriented staple fibers, drying at 130C for 2 minutes was applied by an
air-through dryer, and a wet-laid nonwoven fabric was obtained. In the spun lace method, 3 pieces of

nozzle head were ysgd, and the,stapledibgrs; i the meh.ware-thyee dimen @@@aﬂ%&et%%d by using
(0]

a columnar water The conditions of the three-head nozzle composed of first to third head are as

follows: A) &irst-hgagh \aier How sineclion; dawnyveed shiraetiopNazzle AIROMER farat (2gew
zigzagged alignment Nozzle hole diameter: 120 um

the object of the present invention and a type not obstructing achievement
of the object of the present invention. Since the staple fibers are dispersed
in water during manufacturing of the wet-laid nonwoven fabric, use of a
copolymer of polyalkylene terephthalate and polyethylene glycol having
hydrophilic property and a good affinity with polyalkylene terephthalate or
polyalkylene naphthalate can be preferably employed as an oil agent. This
copolymer is also referred to as polyether/ester copolymer. In this
copolymer, in order to have a good balance between hydrophilic property

and affinity with polyester, a polyether/ester copolymer satisfying at least
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Nozzle holeinterval: 1 mm Nozzle row interval: 1 mm Water flow pressure: 50 kg/cm2 B) Second head:
Water flow direction: upward direction Nozzle alignment form: 2-row zigzagged alignment Nozzle hole
diameter: 120 yin Nozzle hole interval: 1 mm Nozzle row interval: 1 mm Water flow pressure: 100
kg/cm2 C) Third head: Water flow direction: from downward direction Nozzle alignment form: 2-row
zigzagged alignment Nozzle hole diameter: 80 um Nozzle hole interval: 1 mm Nozzle row interval: 1
mm Water flow pressure: 100 kg/cm2 The physical characteristics of those fully oriented staple
fibers and theywet-laid nfanwvovensfabiriclars shown pncFalie R: [0061] [Exampieb8) averdhgeet-laid
nonwoven fabric was obtained by the method similar to that of Example 7 except that the composition
ratio of rawncottem iarthecdescripiipo bfcExpiapte Flwasd clvabged fedmisl @Oatmadsly blo-pdlyethylene
terephthalate having single fiber fineness of 0.17 decitex to 50 mass%

5000, or more preferably 1500 to 4000. Polyethylene glycol preferably in

50 to 80 mass%, or more preferably 60 to 75 mass% 1s used with respect to

the total weight of the polyether/ester copolymer. This polyethylene

glycol constitutes a polyether portion. The remaining portion of 20 to 50

mass% or preferably 25 to 40 mass% constitutes a polyester portion. The

dicarboxylic acid component constituting the polyester portion is preferably

copolymerized at 5 to 30 mol% of isophthalic acid with respect to the total

dicarboxylic acid component constituting the polyester portion. As the

remaining dicarboxylic acid component, terephthalic acid is preferably used.

As the diol component constituting the polvester portion, ethylene glycol is

‘preferably used.  This oil agent is preferably allowed to adhere at 0.0005

to 0.01 mass% with respect to the staple fibers. The amount of the oil

agent to be adhered to the staple fibers is preferably within a range {rom

0.0008 to 0.008 mass%, more preferably from 0.001 to 0.005 mass% or most

preferably from 0.002 to 0.004 mass%.

[06031]

Next, a manufacturing method of a wet-laid nonwoven fabric of the

present invention will be described. The staple fibers obtained by the

above-described operations, that is, the polyalkylene terephthalate fully

oriented stapie fibers and the polyalkylene terephthalate low oriented staple

fibers or the polyalkylene naphthalate fully oriented staple fibers and the

polyalkylene naphthalate low oriented staple fibers are subjected to
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bio-polyethylene terephthalate having single fiber fineness of 0.17 decitex, 10 mass% low oriented
composite staple fibers used in Example 5, and 40 mass% rayon staple fibers having single fiber
fineness of 0.7 decitex and fiber length of 8 mm. The physical characteristics of the fully oriented
staple fibers, the low oriented composite staple fibers, and the wet-laid nhonwoven fabric are shown in
Table 2. [0062][Table?2] Item Unit Example 5 Example 6 Example? Example Fully oriental fiber
Polymer type Bio-PET file-PET fib-PET Bio-PET Single fiber fineness

wet-laid web forming and then dried. At this time, drying is performed
after the wet-laid web forming by using the fully oriented staple fibers (A)
and the low oriented staple fibers (B) so that their weight ratio A/B is
preferably within the range of 15/85 to 85/15. At that time, as the wet-laid
web forming method, short wire, long wire, cylinder and their combination
(multilayer web forming) can be used depending on the shape of a wire part
for web forming and the like, and any method can complete wet-laid web
forming without a problem. As the drying treatment process, a drum dryer
or an air-through dryer is preferably used for applying heat treatment and
drying. In more detail, Yankee dryer for bringing fibers in contact with a
cylindrical drum, multi-cyvlinder drum in which a large number of drums are
aligned, hot air suction (air-through dryer) by hot air and the like can be
used. At that time, a range of 80 to 150°C is preferable as a drying
treatment temperature.

[0032]

After the drying treatment process, calendering (nonwoven fabric is
passed through two heating rolls) treatment can be performed in the final
stage as necessary. By applying such calendering treatment, at least a part
of the low oriented staple fibers is melted and heat adhesion between the
staple fibers become firm, and a wet-laid nonwoven fabric having excellent
tensile strength can be obtained. In order to improve tensile strength of a
nonwoven fabric as above, application of calendering becomes important in
some cases. Here, with a calendering machine, a known material (metal,

paper, resin and the like} and a known roli (flat, emboss and the like) can be
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dtex 0.6 0.6 0,17 0.17 Fiber length mm 5.0 SE 5.0 5,0 Fiber strength cN/dtex 4.5 4.5 2.51 2.51 Fiber
elongation

used for calendering. At that time, a surface temperature of the calender
roll is preferably within a range of 100 to 200°C and a line pressure is
preferably within a range of 100 to 300 kgf/cm (980 to 2940 N/cm).
[0033]

In the present invention, manufacturing of a wet-laid nonwoven
fabric by the following manufacturing method is also possible. That is, a
wet-laid nonwoven fabric composed of only the polyalkylene terephthalate
low oriented staple fibers, only the polyalkylene terephthalate fully oriented
staple fibers, or only the polyalkylene terephthalate fully oriented staple
fibers and low oriented staple fibers or a wet-laid nonwoven fabric web
composed of only the polyalkylene naphthalate low oriented staple fibers,
only the polyalkylene naphthalate fully oriented staple fibers or only the
polyalkylene naphthalate fully oriented staple fibers and the polyalkylene
naphthalate low oriented staple fibers is made once by using a known
wet-laid web forming method. Then, if low oriented staple fibers are
contained in the staple fibers constituting the wet-laid nonwoven fabric web,
the low oriented staple fibers are melted so as to bond the staple fibers
together and to make a sheet. Moreover, the sheet is laminated in a single
layer or two layers or more, or if low oriented staple fibers are not
contained in the wet-laid nonwoven web, the Wét—laid nonwoven web is
laminated in a single layer or two layers or more and the staple fibers are
three dimensionally entangled by a high-pressure water jet so that a wet-laid
nonwoven fabric can be made. At that time, a nozzle hole diameter for

injecting the water flow to the sheet or the wet-laid nonwoven fabric web is
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% 50 50 31.9 31.9 Dry heat shrinkage at 180C % 5.0 5.0 3.2 3.2 Ratio ofbiomass-derived carbon
content % 20 20 20 20 Low oricrited fiber (binder fibers) Polymer type

preferably within a range of 10 to 500 um and a nozzle hole interval is
preferably from 500 um to 10 mm in order to entangle them firmly and keep
web uniformity favorable. Moreover, the water pressure is preferably used
within a range of 10 to 250 kg/cm’. A machining speed is preferably used
within a range of 15 to 200 m/min.

[0034]

The wet-laid nonwoven fabric obtained by the present invention is
excellent in adhesive strength and heat resistance at a reduced
environmental burden by using the polyalkylene terephthalate or
polyalkylene naphthalate staple fibers containing biomass-derived carbon.
Example
[0035]

Subsequently, examples and comparative exampies of the present
invention will be described in detail, but the contents of the present
invention are not limited by them. FEach measurement item in examples
was measured by the following methods.

[0036]

{a) Glass transition temperature (Tg)

Measured under the condition of a temperature rising speed of
20°C/min in accordance with differential scanning calorimetry (DSC)
described in JIS (representing Japanese I[ndustrial Standard. The same
applies to the following) K7121.

[0037]

{b) Intrinsic viscosity (1)
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I3i0-PET flue-PET None flue-PET Binder fibers (type) Core-and-sheath composite Core-and-sheath
composite Core-and-sheath composite Single fiber fineness dtex 1,1 1.1

Determined from a value obtained by measuring the viscosity of a
diluted solution in  which a polyester sample 1is dissolved in
orthochlorophenol at 100°C for 60 minutes by using Ubbelohde viscometer
at 35°C.

[0038]

{c) Single fiber fineness

Measured in accordance with the method described in JIS L
1015:2005 8.5.1 A method.

[0039]

(d) Fiber length

Measured in accordance with the method described in JIS L
1015:2005 8.4.1C method.

[0049]

(e) Fiber strength, fiber elongation

Measured in accordance with the method described in JIS L
1015:2005 8.7.1.

[G041]

(f) Crimping number, crimping rate

Measured in accordance with the method described in JIS L
1015:2005 8.12,

[0042]
(g) Dry heat shrinkage at 180°C.
Measured at 180°C in accordance with the method described in JIS

L1015:2005 8.15b.
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1.1 Fiber length mm 5.0 5.0 5.0 Fiber strength eN/dtex 3.25 3.25 3.25 Fiber &titration % 35.0 35.0

[0043}

(h) Thickness, weight per unit area (weight, mass per unit area) and
density

The thickness of the nonwoven fabric was measured in accordance
with the method described in JIS L1913:2010 6.1 and the weight per unit
area of the nonwoven fabric was measured by the method described in JIS
1.1913:2010 6. 2. Moreover, the density of the nonwoven fabric was
calculated by dividing the weight per unit area of the nonwoven fabric by
the above-described value of the nonwoven fabric thickness.

[0044]

(i) Wet-laid nonwoven fabric tensile strength

Measured based on JIS P8113 (Paper and board -- Determination of
tensile properties).

10045]

(i) Content of radioactive carbon {carbon 14) (biomass-derived
carbon ratio)

A mixed ratio sample of the biomass-derived carbon by
measurement of radioactive carbon (carbon 14) was subjected to an
accelerator mass spectrometer (AMS) and the content of carbon 14 was
measured. Carbon dioxide in the atmosphere contains a certain ratio of
carbon 14 (because neutrons collide with nitrogen atoms and generate
carbon 14 atoms in the upper atmospheric layer), but fossil materials such
as petroleum contain almost no carbon 14 (because carbon 14 changes to

nitrogen under the ground in a half-life of 5370 years while releasing

28



35.0 Dry heat shiinkage at 180C % Measurement impossible due to fusing Measurement impossible
due to fusing Measurement impossible due to fusing Ratio of biomass-derived carbon content % 20
20 20

radiation). On the other hand, the ratio of carbon 14 in the atmosphere at
present is measured to be a specific value [107 pMC (percent modern
carbon) as an average value], and it is known that carbon 14 is taken in at
this ratio into the present plants performing photosynthesis. Therefore, by
measuring the contents of all the carbons and the carbon 14 in the sample,
the ratio of the biomass-derived carbon in the carbon contained in the
sample can be determined (See the following formula):

Biomass-derived carbon ratio (%) = (amount of biomass-derived
carbon in sample/total carbon amount in sample) x 100
[0046]

(k) Web uniformity

The state of the surface of a finished nonwoven fabric sample was
visually checked and 4-grade evaluation was made. Evaluation was
designated as 4th-grade, 3rd-grade, 2nd-grade, and Ist-grade in the order of
descending quality from the best web uniformity.

[0047]

In the following Examples/Comparative Examples, polyethylene
terephthalate containing 10% or more and 100% or less of biomass-derived
carbon is referred to as bio-polyethylene terephthalate or bio-PET, and
polyethylene naphthalate containing 10% or more and 100% or less of
biomass-derived carbon is referred to as bio-polyethylene naphthalate or
bio-PEN. Moreover, known polyethylene terephthalate not containing
biomass-derived carbon is referred to as petroleum-derived polyethylene

terephthalate or petroleum-derived PET, and known polyethylene
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Examples Example 6 Example 7 Example 8 Other fibers Wooden pulp (N13KP) Wooden pulp
(NBIEP) Rayon Raw cotton composition (fully oriented fiber/low oriental tiber/others) mass% 50/3020
20/30/50 100/0/0 50/10/40

naphthalate not containing biomass-derived carbon is referred to as
petroleum-derived polyethylene naphthalate or petroleum-derived PEN.
[0048] [Example 1]

(Bio-polyethylene terephthalate fully oriented staple fibers)

After bio-polyethylene terephthalate chips manufactured by Teijin
were dried, it was melted at 290°C and discharged at 180 g/min through a
spinneret having 1192 holes and taken in at a speed of 500 m/min so as to
obtain low oriented fibers. The low oriented fibers were made to converge
into a tow of approximately 140 thousand decitex and then drawn in hot
water to 17.7 times so as to obtain fully oriented fibers. Moreover, the
fully oriented fibers were made to pass through aqueous emulsion (solid
concentration at 3.0%) of a polyether/polyester copolymer having number
average molecular weight of approximately 10000 shown below and
squeezed so that moisture content in the fully oriented fibers falls to
approximately 12%. In this polyether/polyester copolymer, a polyester
portion is composed of 80 mol% of terephthalic acid and 20 mol% of
isophthalic acid as the dicarboxylic acid component and ethylene glycol as
the diol component of the polyester portion. The polyester portion at 30
mass% of the polyether/ester copolymer is composed of this polyethylene
terephthalate/isophthalate copolymer, while the remaining 70 mass% of the
polyether portion ts a copolymer composed of 70 mass% of polyethylene
glycol having number average molecular weight of 3000. After that, the

fully oriented fibers were cut at a fiber length of 5 mm without drying,
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Wet-laid nonwoven think Manufacturing method Wet-laid web forming method Wet-laid web forming
method Wet-laid spun lace method Wet-laid spun lace method Rotary Myer treatment conditions
120gic2min 120iCc2inin -

drying was applied, and bio-polyethylene terephthalate fully oriented staple
fibers (no crimp) having single fiber fineness of 0.60 decitex were obtained.
[0049] (Bio-polyethylene terephthalate low oriented staple fibers)

After bio-polyethylene terephthalate chips manufactured by Teijin
were dried, it was melted at 290°C and discharged at 180 g/min through a
spinneret having 1192 holes and taken in at a speed of 500 m/min so as to
obtain low oriented fibers. The low oriented fibers were made to converge
into a tow of approximately 140 thousand decitex. After that, without
drawing, the low oriented fibers were made to pass through aqueous
emulsion (solid concentration at 3.0%) of a polyether/polyester copolymer
having number average molecular weight of approximately 10000 shown
below, and squeezed so that moisture content in the fully oriented fibers
falls to approximately 12%. The composition of the polyether/polyester
copolymer is the same as that of the bio-polyethylene terephthalate fully
oriented staple fibers. After that, the low oriented fibers were cut at a
fiber length of 5 mm without drying, drying was applied, and
bio-polyethylene terephthalate low oriented staple fibers (no crimp) having
single fiber fineness of 1.2 decitex were obtained.
[0050] (Wet-laid web forming processing, drying treatment and calendering
treatment)

The bio-polyethylene terephthalate fully oriented staple fibers and
the bio-polyethylene terephthalate low oriented staple fibers were mixed
and agitated at the weight ratio of 70/30 using water as a medium and then

made into paper using a manual paper machine (by Kumagai Riki Kogyo Co.,
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Air-through dryer treatment conditions - - 130fCchnin 130fCc2min Calendering tmatment conditions
(metal roll/metal roll) Weight per unit area 70 69 50 50

Ltd., model: No. 2555, standard square sheet machine, the same applies to
the following). Subsequently, the papered fibers were subjected to drying
treatment at 120°C for 2 minutes by using a rotary dryer (by Kumagai Riki
Kogyo Co., Ltd., model: 2575-11, rotary dryer (high temperature type)).
After that, calendering (180°C = 200 kg/cm (1960 N/cm)) was applied by
using a device composed of metal roll/metal roll, and a wet-laid nonwoven
fabric was obtained. The physical characteristics of the fully oriented
staple fibers, the low oriented staple fibers and the wet-laid nonwoven
fabric are shown in Table 1.

[0051] [Example 2]

A wet-laid nonwoven fabric was obtained by the method similar to
that of Example 1 except that the mixing ratio between the fully oriented
staple fibers and the low oriented stapic fibers was changed from that given
in Example 1. The physical characteristics of the fully oriented staple
fibers, the low oriented staple fibers and the wet-laid nonwoven fabric are
shown in Table 1.

[0052] [Example 3}

(Bio-polyethylene naphthalate fully oriented staple fibers)

After bio-polyethylene naphthalate chips manufactured by Teijin
were dried, it was melted at 320°C and discharged at 310 g/min through a
spinneret having 1305 holes and taken in at a speed of 1350 m/min so as to
obtain low ortented fibers. The low oriented fibers were made to converge
into a tow of approximately 130 thousand decitex and then drawn in hot

water to 1.85 times so as to obtain fully oriented fibers. Moreover, the



Thickness mm 0.21 Ott 0.08 0.09 Density g/cm] 0.33 0.38 0.63 0.56 Tensile strength N/15inin 15 18
12 21

fully oriented fibers were made to pass through the same aqueous emulsion
(solid concentration at 3.0%) of a polyether/polyester copolymer as that
used in Example 1 and squeezed so that moisture content in the fully
oriented fibers falls to approximately 12%. After that, the fully oriented
fibers were cut at a fiber length of 5 mm without drying, drying was applied,
and bio-polyethylene naphthalate fully oriented staple fibers (no crimp)
having single fiber fineness of 0.5 decitex were obtained.
[0053] (Bio-polyethylene naphthalate low oriented staple fibers)

After bio-polyethylene naphthalate chips manufactured by Teijin
were dried, it was melted at 320°C and discharged at 290 g/min through a
spinneret having 1305 holes and taken in at a speed of 1000 m/min so as to
obtain low oriented fibers. The low oriented fibers were made to converge
into a tow of approximately 140 thousand decitex. After that, without
drawing, the low oriented fibers were made to pass through the same
aqueous emulsion (solid concentration at 3.0%) of a polyether/polyester
copolymer as that used in Example 1 and squeezed so that moisture content
in the low oriented fibers falls to approximately 12%. After that, the low
oriented fibers were cut at a fiber length of 5 mm without drying, drying
was applied, and bio-polyethylene naphthalate {ow oriented staple fibers
(no crimp) having single fiber fineness of 1.1 decitex were obtained.
[0054] (Wet-laid web forming processing, drying treatment and calendering
treatment)

The bio-polyethylene naphthaiate fully oriented staple fibers and the

bio-polyethylene naphthalate low oriented staple fibers were mixed and
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Web uniformity class 4 4 4 4 Ratio of biomass-derived carbonintent % 36 60 20 20 Results Bulky pulp
blended nonwoven fabric was obtained, and those with excellent characteristics required for wiper
applications and the like were obtained. At the same time, an environmental burden can be also
reduced, Bulky pulp blended nonwoven fabric was obtained, and those with excellent characteristics
required for wiper applications and the like were obtained. At the same time, an environmental burden
can be also reduced, Productivity of manufactwing process was favorable also for a wet-laid spun lace
nonwoven fab(% r%adtetgf 10&).%hfull orler]gtgg rlcs and nonwoven f%brlcs WI&h Fedneckf]

tal ot Mantrsctarin fable
environmen en were o alne roduct IVILy O anu acturlng process was favorable also for a

wet-laid sp%mtlace nonwoven fa}ggcurgla\de ogrt%}pder&flc ers %\}j |en%ed f| IS, %Od oth%r fibers mixed,
and nonwoven fabrics with feduced envirgnmental bur e obtaifed £y ~0-

Ltd., model: No. 2555, standard square sheet machine, the same applies to
the following). Subsequently, the papered fibers were subjected to drying
treatment at 145°C for 2 minutes by using a rotary dryer (by Kumagai Riki
Kogyo Co., Ltd., model: 2575-11, rotary dryer (high temperature type)).
After that, calendering (180°C x 200 kg/cm (1960 N/em)) was applied by
using metal roll/metal roll, and a wet-laid nonwoven fabric was obtained.
The physical characteristics of the fully oriented staple fibers, the low
oriented staple fibers and the wet-laid nonwoven fabric are shown in Table
1.

[0055] [Example 4]

A wet-laid nonwoven fabric was obtained by the me:hod similar to
that of Example 3 except that the ratio between the fully oriented staple
fibers and the low oriented staple fibers was changed from that given in
Example 3. The physical characteristics of the fully oriented staple fibers,
the low oriented staple fibers and the wet-laid nonwoven fabric are shown

in Table 1.
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Staple fibers with single fiber fineness of 0,7and fiber length of 8 mm were used for rayon fibers.

[0063] [Comparative Example 1]

A wet-laid nonwoven fabric was obtained by the method similar

to that of Example 1 except that the ratio of the staple fibers was changed from that given in Example
I. The physical characteristics of the fully oriented staple fibers, the low oriented staple fibers and the
wet-laid nonwoven fabric are shown in Table 3. [0064] [Comparative Example 2]
nonwoven fabric was obtained by the method similar to that of Example 1 except that the
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[0057]

[Example 5]

The fully oriented staple fibers described in Example 1, low oriented

composite staple fibers shown below, and wooden pulp (NBKP) were mixed
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Item Unit Example Comparative Example 2 Comparative Example 3 Comparative Exiunp le 4 F ully
oriented fiber Polymer type Bio-PIET Petroleum-derived PET Polylactic acid Petroleum-derived PET

and agitated at the mass% ratio of 50/30/20 using water as a medium.
Using the mixture, a wet-laid nonwoven fabric was obtained by the method
similar to that of Example | except that calendering was not performed.
The physical characteristics of the fully oriented staple fibers, the low
oriented composite staple fibers, and the wet-laid nonwoven fabric are
shown in Table 2.

[0058] (Manufacturing of low oriented composite staple fibers)

A pellet of amorphous copolymer polyethylene terephthalate
obtained by copolymerizing at a fraction of 40 mol% of isophthalic acid
having intrinsic viscosity [n] of 0.55 dL/g and Tg of 65°C measured after
vacuum drying at 50°C for 24 hours was melted in a biaxial extruder, and
melted polyester at 250°C was obtained. On the other band, a pellet of
polyethylene terephthalate having intrinsic viscosity [n] of 0.61 dL/g
measured after vacuum drying at 120°C for 16 hours was melted in a biaxial
extruder, and melted polyester at 280°C was obtained. The two types of
melted polyester, the former of which was used as a sheath component A
and the latter as a core component B, were melted and discharged in a
composite manner through a known core-and-sheath composite spinneret
having 1032 pieces of circular-hole capillaries, each having a diameter of
0.3 mm so that the cross-sectional area ratio becomes A:B = 50:50. At this
time, the composite spinneret temperature was 285°C and the discharged
amount was 870 g/min. Moreover, the melted and discharged polyester
was cooled by cooling air at 30°C and reeled at 1150 m/min so as to obtain

an low oriented yarn. Subsequently, it was cut at a fiber length of 5.0 mm
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Single fiber fineness dtex 0.6 0.6 1.63 0.17 Fiber length mm 5.0 5.0 5.0 5.0 Fiber strength ciNkltex
4545 3.36 2.51

so as to obtain low oriented composite staple fibers having single fiber
fineness of 1.1 decitex.
[0059] [Example 6]

A wet-laid nonwoven fabric was obtained by the method similar to
that of Example 5 except that the ratio between the fully oriented staple
fibers, the low oriented composite staple fibers, and NBKP was changed
from that given in Example 5. The physical characteristics of the fully
oriented staple fibers, the low oriented composite staple fibers, and the
wet-laid nonwoven fabric are shown in Table 2.

[0060] [Example 7]

The manufacturing conditions of the fully oriented staple fibers
described in Example 1 were changed, and fully oriented staple fibers
having single fiber fineness of 0.17 decitex were obtained. A web was
manufactured by an ordinary wet-laid spun lace method using only the fully
oriented staple fibers, drying at 130°C for 2 minutes was applied by an
air-through dryer, and a wet-laid nonwoven fabric was obtained. In the
spun lace method, 3 pieces of nozzle head were used, and the staple fibers
in the web were three dimensionally entangled by using a columnar water
jet. The conditions of the three-head nozzle composed of first to third
head are as follows:

A) First head:
Water flow direction: downward direction
Nozzle alignment form: 2-row zigzagged alignment

Nozzle hole diameter: 120 um



Fiber doion % 5-0 50 47.4 31.9 Dry heat shrinkage at 180C Vs 5.0 5.0 Measurement impossible due
to fusing 3.2 Ratio of biomass-derived carbon content % 20 0 100

Nozzle hole interval: 1 mm

Nozzle row interval; | mm

Water flow pressure: 50 kg/cm?
B) Second head:

Water flow direction: upward direction

Nozzle alignment form: 2-row zigzagged alignment

Nozzle hole diameter: 120 pm

Nozzle hole interval: 1 mm

Nozzle row mterval: 1 mm

Water flow pressure: 100 kg/cm?
C) Third head:

Water flow direction: from downward direction

Nozzle alignment form: 2-row zigzagged alignment

Nozzle hole diameter: 80 um

Nozzle hole interval: | mm

Nozzle row interval: | mm

Water flow pressure: 100 kg/cm®

The physical characteristics of those fully oriented staple fibers and
the wet-laid nonwoven fabric are shown in Table 2.
[0061] [Example 8]

A wet-laid nonwoven fabric was obtained by the method similar to
that of Example 7 except that the composition ratio of raw cotton in the
description of Example 7 was changed from 100 mass% bio-polyethylene

terephthalate having single fiber fineness of 0.17 decitex to 50 mass%
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0 Low oriented fiber (binder fibers) Polymer type Bio-PET Petroleum-derived pEr Polylactic acid None
Binder fibers (type) UDY UDY UDY

bio-polyethylene terephthalate having single fiber fineness of 0.17 decitex,
10 mass% low oriented composite staple fibers used in Example 5, and 40
mass% rayon staple fibers having single fiber fineness of 0.7 decitex and
fiber length of 8 mm. The physical characteristics of the fully oriented
staple fibers, the low oriented composite staple fibers, and the wet-laid

nonwoven fabric are shown in Table 2.
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Single fiber fineness dtex 1.2 1.2 1.5 Fiber length mm 5.0 5.0 5.0 Fiber strength cN/dtex 0.91 0.91

1.17

[0062][Table2]

item Unit Example 5 Example 6 Example 7 Example §
Polymer type - Bio-PET Bio-PET Bio-PET Bio-PET
Single fiber fineness dtex 0.6 06 0.17 017
Fully Tibet length il 5.0 5.0 50 5.0
oriented | Fiber strength cN/dtex 4.5 4.5 2,51 251
fiber  Fiher dongation % 50 50 319 149
Dry heat shrinkage at 180°C % 5.0 5.0 32 32
Ratio of biomass-derived carbon content Y 20 20 20 20
Polymer type - Bio-PET Bio-PET None Bio-PET
Binder fibers {type) Core—and-s?}eath Core—am#s‘hemh } Corc-and-shcath
composite composite composie
%ﬂw Single fiber finencss dtex i1 1.1 - il
"”;;;fd Fiber tengih o 50 35 ; 50
(bindar IFiber strength cN/dtex 325 3.25 - 325
fibers) | Fiber elongation % 350 35.0 - 350
M cagurement M casurement M easurcment
[y heat shrinkage at 186°C W impossible dueto | impossible dusto - impossible dusio
fusing fusing fusing
Ratio of biomass-derived carbon content % 20 20 - 28
Example 5 Example 6 Example 7 Example &
. Wooden pul Waoden pul
Qther tibers - (NBKF[;) b (NEKID’} i - Rayon
Raw cotion composition
(fully oriented fiberlow oriii:nied fiber/others) mass%e 3030720 20/30/50 10010/ SU/A0
M anfacturing method ) -Wct-—iaid web -Wef:~iajd web [ Wet-laid spun lace | Wet-laid spun face
forming method forming methad method method
Rotary dryer treatment conditions - 120:Cx2min 1200 Cx2imin - -
Adr-through dryer treatment conditions - - - 1300 Cx2min 13{rCx2min
Wet-laid {Calendering treatment conditions } } ) B
nonwoven § (metat roll/metal roll)
fabric  wejght per unit area gm’ 70 69 50 50
Thickness T 0.21 Q.18 0.08 0.09
Density glom® 0.33 0.38 0.63 0.56
Tensile strengh N/15mm 15 18 12 21
Web uniformity class 4 4 4 4
Ratio of bionass-derived carbon content Y kS 60 0 20
Bulky pulp Bulky pulp Productivity of Productivity of
blended nonwoven |blended noswoven {manufacturing manufacturing
fabric was fabric was PIOCESS Was PrOCess was

Results

cbtained, and those
with excellent
characteristics
required for wiper
applications and
the like were
obtained, At the
same time, an
envirpnmental
burden can be also
reduced,

obtained, and those
with excellent
characteristics
requirest for wiper
app lications and
the like were
oblained. Atthe
same time, an
environmental
burden can be also
recuced.

favorable also for a
wet-Taid spun lace
nonwoven fabric
made of [00%
Fully orfented
fabrics, and
nonwoven fabrics
with reduced
environmentat
burden were
abtained.

favorable also for a
wet-laid spun lace
nonwoven fabric
made of binder
fibers, fully
oriented fibers, and
other {ibers mixed,
ancd ponwoven
fabrics with
reduced
environinental
burden were
obtained.

Staple fibers with single fiber fineness of 0.7 dtex and fiber length of & mm were used for rayon fibers.
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Fiber elongation % 136.7 136.7 126 Dry heat shrinkage at 180C % Measurement impossible due to
fusing Measurement impossible due to fusing Measurement impossible due to fusing Ratio of
biomass-derived carbon content

[0063] [Comparative Example 1]

A wet-laid nonwoven fabric was obtained by the method similar to
that of Example I except that the ratio of the staple fibers was changed from
that given in Example 1. The physical characteristics of the fully oriented
staple fibers, the low oriented staple fibers and the wet-laid nonwoven
fabric are shown in Table 3.

[0064] [Comparative Example 2]

A wet-laid nonwoven fabric was obtained by the method similar to
that of Example 1 except that the bio-polyethylene terephthalate chips
described in Example 1 was changed to a petroleum-derived polyethylene
terephthalate chips having the same physical characteristics. The physical
characteristics of the fully oriented staple fibers, the low oriented staple
fibers and the wet-laid nonwove:: fabric are shown in Table 3.

[0065] [Comparative Example 3]
(Polylactic acid fully oriented fibers)
After polylactic acid chips manufactured by NatureWorks were dried, they
were melted at 225°C and discharged at 510 g/min through a spinneret
having 1008 holes and taken in at a speed of 1300 m/min to obtain
polylactic acid low oriented fibers. The polylactic acid low oriented fibers
were made to converge into a tow of approximately 140 thousand decitex
and then, drawn in hot water to 2.4 times to obtain polylactic acid fully
oriented fibers. Moreover, the polylactic acid fully oriented fibers were
made to pass through aqueous emulsion (note: solid concentration at 2.0%)

of the same polyether/polyester copolymer as that used in Example 1 and
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% 20 0 100 Comparative Example 1 Comparative Example 2 Comparative Example 3 Comparative
Example 4 Other fibers

squeezed so that moisture content in the polylactic acid fully oriented fibers
falls to approximately 12%. After that, the polylactic acid fully oriented
fibers were cut at a fiber length of 5 mm without drying, drying was applied,
and polylactic acid fully oriented fibers (no crimp) having single fiber
fineness of 1.63 decitex were obtained.

[0066] (Polylactic acid low oriented fibers)

After polylactic acid chips manufactured by NatureWorks were dried,
they were melted at 225°C and discharged at 440 g/min through a spinneret
having 3006 holes and taken in at a speed of 1000 m/min to obtain
polylactic acid low oriented fibers. The polylactic acid low oriented fibers
were made to converge into a tow of approximately 140 thousand decitex.
After that, without drawing, the polylactic acid low oriented fibers were
made to pass through aqueous emulsion (note: solid concentraticn at 2.0%)
of the same polyether/polyester copolymer as that used in Example 1 and
squeezed so that moisture content in the polylactic acid low oriented fibers
falls to approximately 12%. After that, the polylactic acid fully oriented
fibers were cut at a fiber length of 5 mm without drying, drying was applied,
and polylactic acid low oriented fibers (no crimp) having single fiber
fineness of 1.5 decitex were obtained.

[0067] (Wet-laid web forming processing, drying treatment and calendering
treatment}

The polylactic acid fully oriented fibers and the polylactic acid low
oriented fibers were mixed and agitated at the weight ratio of 60/40 using

water as a medium and then made into 70 g/m” of paper using a manual
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Raw cotton composition (fully oriented fiber/low onented fiber/others) mass% 90/10/0 70/30/0 60/40/0
100/0/0 Wet-laid nonwoven fabric M anufacturing method Wet-laid web fonning method Wet-laid web
formhig method Wet-laid web fanning method Wet-laid spun lace method

paper machine (by Kumagai Riki Kogyo Co., Ltd., model: No. 2555,
standard square sheet machine, the same applies to the following) and then,
the fibers were subjected to drying treatment at 100°C for 2 minutes by
using an air-through dryer (by Kumagai Riki Kogyo Co., Ltd., model: No.
2575-1, rotary dryer (high temperature type)). After that, calendering
(120°C = 200 kg/cm (1960 N/em)) was applied by using a device composed
of metal roll/metal roll, and a wet-laid nonwoven fabric was obtained. The
physical characteristics of the polylactic acid fully oriented fibers, the
polylactic acid low oriented fibers and the wet-laid nonwoven fabric are
shown in Table 3.

[0068] [Comparative Example 4]

Fully oriented staple fibers were obtained by the method similar to
that in Exariple 7 except that petroleum-derived polyethylene terephthalate
chips were used instead of bio-polyethylene terephthalate chips in a process
of obtaining the bio-PET fully oriented staple fibers described in Example 7
and moreover, a wet-laid nonwoven fabric was obtained by the method
similar to that of Example 7. The physical characteristics of the fully

oriented staple fibers and the wet-laid nonwoven fabric are shown in Table

3.
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Rotary dryer treatment conditions 120Cr2rrrn 120.Cr2min  Air-through dryer treatment conditions
100C52.min 130C52min Calendering treatment conditions (metal roll/metal roll) 180" Ca200kgion |

80' Ce200kg/cm 120)Cr200kg/cm

[0069][Table 3]

Result

COmponent was
ingufficient and
only nonwoven
fabric with
ingufficient Lensile
strength was
obtained. Practical
uge i hardly
possible.

derived polyester
was used, the
effect of reducing
envitonmental
burden is
ingufficient.

environmental
burden was
possibie and a
nonwoven fabric
with good web
uniformity was
obtained, but heai
resistance of the
nonwoven fabric
was low and dry
hieat shrinkage of
the nonwoven
fabric was large and
thus, practical use
is hardly possible.

Item Uit Example | Camparative Comparative Comparative
{re-staied) Example 2 Example 3 Exampie 4
Polymer type - Bio-PET Pcer”icg_'é‘fmw‘i Polylactic acid P“m}“;gfmvm
Single fiber fineness dtex 0.6 0.6 1.63 047
Eiber length e 5.0 30 5.0 5.0
u;f:iltj;l Fiber strenglh cNAdtex 4.3 4.5 336 2.51
fiper Fiber clongation % 30 50 474 319
M casurement
Dy heat shrinkage at 130°C Yo 3.0 5.0 impossible due to 32
fsing
Ratio of blomass-derived carbon conteat Yo 0 4 100 a
Polymer type - Bio-PET Pelrcleg;femfﬁd Polyiactic acid None
Binder fibers (type) upy UuDy DYy -
Low |Single fiber fineness diex 12 12 15 -
oriented |Fiber length mm 50 5.0 3.0 B
fiber  |Fiber strength eN/dtex 091 0.91 1.17 -
(binder |piber clongation % 136.7 1367 126 -
fibers) M casurement M easurement M easurement.
Drry heat shrinkage at 1R0°C % impaossible dueto | impossible dueto | mpossible due to -
fusing fusing fusing
Ratio of biomass-derived carbon: content % 20 ] 100 -
Comparative Comparative Comparative Comp arative
Bxample | Example 2 Example 3 Example 4
Other fibers - - - - .
Raw cotion composition N
{fully orented fiberdow oriented fiber/others) mass% 8071070 T0/36/0 B0/40/0 160/6/0
M anufacturing method ) Wet- -faid web ~\7\I’t.at‘~123.id web ‘Wc? -latd web Wet-laid spun lace
forming method forming method forming method method
Rotary dryer treatment conditions - 120°C=2min 1200Cx2min - B
Alr-through dryer treatment conditions - - - 1000 Cx2min 130 Cx2min
nz‘:‘iii‘:n g}iﬁ‘;::;f;:;“;;’;‘ conditions ~ | IBDCH200kglem | 1RC200kgom | 120°Cx200kghm .
fabric  Myeight per unit arez g 70 69 70 50
Thickness mm 0.15 0.1 0.10 D08
Density glony” 0.47 0.63 0.70 0.63
Tensile sirength N/ Smm 3 m 5 12
Web uniformity clags 4 4 1 4
Ratio of biomass-derived carbon content Y 20 20 100 20
The binder fiber  {Since petrolenn-  {Reduction of Since peirolewn-

derived polyester
was used, the
effect of reducing
envirommental
burden is
imsufficient.

UDY:Undrawing Yarn
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Weight per unit area 70 69 70 50 Thickness mm 0.15 0.11 0.10 0.01 Density giants 0.47 0.63 0.70
0.63

Industrial Applicability
[0070]

According to the present invention, biomass-derived polvalkylene
terephthalate staple fibers, biomass-derived polyalkylene naphthalate staple
fibers, a wet-laid nonwoven fabric and a manufacturing method of the
wet-laid nonwoven fabric are provided. The wet-laid nonwoven fabric of
the present invention is excellent in reduction of an environmental burden,
adhesive strength, and heat resistance, and its industrial values are
extremely great.

{0071]

In detail, in each of the above-described examples, as illustrated in
Table 1, the adhesive strength as a wet-laid nonwoven fabric is sufficient
since breaking length shows a sufficient value, and sufficient heat
resistance/chemical resistance are provided since it is a nonwoven fabric
made of polyalkylene terephthalate and/or polyalkylene naphthalate.
Moreover, an environmental burden is less and matches the purpose of
carbon neutrality since a predetermined amount or more of the
biomass-derived components is contained. Thus, the nonwoven fabric
obtained from the staple fibers according to the present invention can be
suitably used for nonwoven materials for vehicles and the like requiring
heat resistance and chemical resistance such as bag filters, electrical
insulating material of F class or above, cell separators, separators for
capacitor (super capacitor), ceiling materials, floor mats, engine filters,

petroleum filters and the like.
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Tensile strength Nil 5inin [1 20 512 Web uniformity class 4 4 1 4 Ratio of biomass-derived carbon
content % 20 20 100 20 Result

CLAIMS
[Claim 1]

Staple fibers of polyalkylene terephthalate or polyalkylene
naphthalate containing biomass-derived carbon ratio by radioactive carbon
(carbon 14) measurement at 10% or more and 100% or less, single fiber
fineness of 0.0001 to 7.0 decitex, and fiber length of 0.1 to 20 mm.

[Claim 2]

The staple fibers of polyalkylene terephthalate or polyalkylene
naphthalate according to claim 1, wherein the staple fibers are fully
oriented staple fibers.

[Claim 3]

The staple fibers of polyalkylene terephthalate or polyalkvlene
naphthalate according tc claim 1, wherein the staple fibers are low oriented
staple fibers.

[Claim 4]

A wet-laid nonwoven fabric containing 15 mass% or more and 100
mass% or less of the polyalkylene terephthalate or polyalkylene naphthalate
staple fibers according to claim 3.

[Claim 5]

The wet-laid nonwoven fabric according to claim 4, wherein the
wet-laid nonwoven fabric is composed of one type or two types or more of
only staple fibers of polyalkylene terephthalate according to any one of
claims 1 to 3 or one type or two types or more of staple fibers of

polyalkylene naphthalate according to any one of claims 1 to 3, and wherein
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The binder fiber component was insufficient and only nonwoven fabric with insufficient tensile strength
was obtained. Practical use is hardly possible. Since petroleum- derived polyester was used, the effect
of reducing environmental burden is insufficient. Reduction of environmental burden was possible and
a nonwoven fabric with good web tunformity was obtained, but heat resistance of the nonwoven fabric
was low and thy heat shrinkage of the nonwoven fabric was large and thus, practical use is hastily
possible. Since p etroletunderived polyester was used, the effect of reducing environmental burden is

insufficient, |t QA g, X dndusital Appieability J0 flle rs 21 AGERIAING S0DE RAreset invention,

biomass-derived polyalkylene terephthalate staple fibers, biomass-derived polyalkylene naphthalate

staple fibergg a,yuetdaid napweven; fabc,and & manuacturing method of the wet-laid nonwoven fabric
are provided. The wet-laid nonwoven fabric of the present invention is excellent in reduction of an

environmengaj Qurden, adhesive strength, and heat resistance, and its industrial values are extremely
great. [0071] In detail, in each of the above-described examples, as illustrated in Table 1, the

adhesive strength a3,a wetJaidingpweuen fakis is sutficiant singe Rreaking lengthshaws @ sufficient
value, and sufficient heat resistance/chemical resistance are provided since it is a nonwoven fabric

made of polyalkylereterephinalateiapd/arpepaikylane paphibalateidateeyernan gnvirgiumental
burden is less and matches the purpose of carbon neutrality since a predetermined amount or more of

the biomasgsdesyrg cAMRAPENISHS GOFIREH AdTug, the: nomvovaR tahiie pliained ke e staple
fibers according to the present invention can be suitably used for nonwoven materials for vehicles and

the like requifingiheat resistanga ane shemyeakresigtance such as bag filters, electrical insulating
material of F class or above, cell separators, separators for capacitor (super capacitor), ceiling

materials, fjoga matgj engine filters, petroleum filters and the like. CLAIMS [Claim 1] Staple fibers
of polyalkylene terephthalate or polyalkylene naphthalate containing biomass-derived carbon ratio by

radioactive carbon fcasbeib #4joneasuienent a1 ermprrianth#Q0%nordesk: singlediber fineness
of 0.0001 to 7.0 deettex, and fiber length of 0.1 to 20 mm. [Claim 2] The staple fibers of

polyalkylens telepihttmlaieap peiyalkylene naphihalaie decatdingtigechaiylovibarei thepstaple fibers
are fully oriented staple fibers.
fibers {A) according to claim 2 and the low oriented staple fibers (B)
according to claim 3;

performming heat treatment by a drum dryer or aun air-through dryer;
and

performing further heat treatment by a calender roll if needed.
[Claim 8]

A method for manufacturing a wet-laid nonwoven fabric,
comprising: web forming staple fibers by a wet-lay method, the staple fibers
being composed either of one type or two types or more of only the
polyalkylene terephthalate staple fibers or of one type or two types or more
of only the polyalkylene naphthalate staple fibers according to any one of

claims 1 to 3;

fabricating wet-laid web forming from the staple fibers; and
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[Claim 3] The staple fibers of polyalkylene terephthalate or polyalkylene naphthalate according to
claim 1, wherein the staple fibers are low oriented staple fibers. [Claim 4] A et-laid nonwoven
fabric containing 15 mass% or more and 100 mass% or less of the polyalkylene terephthalate or
polyalkylene naphthalate staple fibers according to claim 3. [Claim 5] The wet-laid nonwoven
fabric according to claim 4, wherein the wet-laid nonwoven fabric is composed of one type or two types
or more of only staple fibers of polyalkylene terephthalate according to any one of claims 1 to 3 or one

Wpe or two types armare af.stanleihers.at nolyalkylens naphihalate Acoerding o ary.png of claims 1

to 3, and wherein the Wet-g{ij(? nonwoven fabrics contains staple fibers according to claim 3 of 15
mass% or more angd 100 §§9@5p5 Iﬁ%h[g:,lgm% Watg’p?e\{\(et-laid nonwoven fabric according to any
one of claims 4 and 5, whérein the tfully oriented staple fibers (A) according to claim 2 and the low
oriented sta?@_lgiggrg](B) according to claim 3 are contained at a weight ratio in a range of (A)/(B) =
15/85 to 85/15. [Claim 7] A method for manufacturing the wet-laid nonwoven fabric according to

claim 6, comprising; mixing_and W%W%thet%M@rie@&qgﬁmg fibgys (A%@gpcg ding,to claim 2

and the low oriented staple fibers (B) according to claim 3; performing heat treatment by a drum dryer
or an air-thyough, dyeyi 2pd po1yBﬁ%@ﬂ@HH‘Q_{PH{}FﬁQ&@EE&%@E‘T‘?@&@’&&&'QW@%60@1!{iﬂ?9€ied- [Claim
8] A method for manufacturing a wet-laid nonwoven fabric, comprising: web forming staple fibers
by a wet-lay method, the staple fibers being composed either of one type or two types or more of only
the polyalkylene terephthalate staple fibers or of one type or two types or more of only the polyalkylene
naphthalate staple fibers according to any one of claims 1 to 3; fabricating wet-laid web forming from
the staple fibers; and three dimensionally entangling web of the fibers of single layer or two or
more layers by a high-pressure water jet. [Claim 9] A wet-la id nonwoven fabric containing the
polyalkylene terephthalate or polyalkylene naphthalate staple fibers according to claim 2.
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