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WO 20051103354 PCT/US2005/013342 ARTICLES CONTAINING
NANOFIBERS FOR USE AS BARRIERS 5 CROSS-REFERENCE TO
PLICATIONS This application claims the benefit of U.S.
SE%%F(&]%&%pllcatlon No. 60/563,346, filed April 19, 2004. T§FEP R332
THE INVENTION The present invention relates to articles made from
nanofibers and the barrier performance of the articles. BACKGROUND
OF THE INVENTION 15 The need for articles produced from nonwoven
containing nanofibers has continued to increase. The diameters of
nanofibers’ & 1§t SN NRUErE o & (NOE IBERM BRI ABGRARRIERS
nanometer or one micron. The nanofibers webs are desired due to their
high surface area, low pore size, and other characteristics. The
nanofibers, also commonly called mlcroflbers or very flne flbers can be
produced by a vatetoEREtRBE 5 [BEAIS
Althougmmﬁﬁmmhmeﬁlﬂ@dﬁ: bamhﬂﬁnwmlmﬁﬁe@ﬁlé’d@éﬂb@&@ﬁm 346, filed
th ethods and producing cost effective nanofibers has been
|cuIt Methods of producing nanofibers include a class of methods
descrlbed by melt fibrillation. Non limiting examples of melt fibrillation
methods include melt blowin%; Eslbg@eé gursting: and melt film fibrillation.
Methods of producing nanofi ; ; film 25 fibrillation,
electro-Spimisepnanidvsotistometianinga@tlver mdthddsnofprofibingnd the barrier
nanefiaats sralvdaigpinning a larger diameter bi-component fiber in an
islands-in-the-sea, segmented pie, or other configuration where the fiber
is then further processed so that nanoflbers result Melt fibrillation is a
general class of making $fibetsidfi HINFIONS polymers are
molten anel sty yslegipig g}aa\)e&pﬁakﬁlﬁo%%ﬁl&kl @H&ﬂﬁn@&n%%%@%hunued to
Emogeenﬁlou%ﬁm gpsl%l 1{Jg grgtgllr!amsegerrg amenz/%? gd thenlflbrlllated or
fiberized into fifaments. owing isa comi 94 InRIHSEF Jpan about 1000
Pr8amEsE %b@%%caﬂ%#@ﬁh@éf@sraﬁq@ﬁeﬁﬂﬁetm ghetidrigh. skt area, low
m&&lﬁgepiiillibﬂi}lhsaﬁx&tﬁﬂﬁéi%ﬂbﬁfﬁﬂﬂ%ﬁﬁ@?@'&@éoddémﬁglﬁfﬁ &g@d\’ﬂﬁaroﬁbefs or very
erable chan eded to the ess. Commonly, redes
%%?zﬁgser%nc d?)gsp ef%gl C?\geeg éd EXdmp eest%o??ﬁélgerf)r?&lﬁﬁé F“ngtéﬁfﬂs Although
NS g dandemaed Ikwwﬁadémhﬁé@ass @r@m%h.cs.s PEt@mtducing cost
Nﬁec&yzﬁaneﬁ&@nﬁsw@,@%lby Nyssen et al. These methods utilize
relative P tem ures qcivelo ities ve the
small flt%gﬁtx%gme?fe %\ﬁé %%4‘ ETds /f)g ilbo % described by melt

fibrillation. Non limiting examples of melt fibrillation methods include melt blowing, melt fiber

bursting, and melt film fibrillation. Methods of producing nanofibers, not from melts, are film
fibrillation, electro-spinning, and solution spinning. Other methods of producing nanofibers
include spinning a larger diameter bi-component fiber in an islands-in-the-sea, segmented pie, or
other configuration where the fiber is then further processed so that nanofibers result.

Me}t fibrillation is a general class of making fibers defined in that one or more polymers
are molten and extruded into many possible configurations (e.g. co-extrusion, homogeneous or ~
bicomponent films or filaments) and then fibrillated or fiberized into filaments.

Melt blowing is 2 commonly used method of producing fibers. Typical fiber diameters
range from 2 to 8 micron. Melt blowing can be used to make fibers with smaller diameters but
with considerable changes needed to the process. Commonly, redesigned nozzles and dies are
needed. Examples of these include U.S. Patent Nos. 5,679,379 and 6,114,017 by Fabbricante et
al. and U.S. Patent Nos. 5,260,003 and 5,114,631 by Nyssen et al. These methods utilize

relatively high pressures, temperatures, and velocities to achieve the small fiber diameter.
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Melt fiber bursting is a derivative of mineral fiber making process that has

been applied to polymer fiber making. Examples of mineral melt fiber

bursting process include US Patent No. 4,001,357 by Walz et al. and US
337,074 and 4,533,376 by Muschelknautz et al. The key to

t%?é?r%%ggg les the use of sonic and supersonic air (gas) velocm%y’&%“?éfl”“

the melt 5 filament into a multiplicity of fine fibers. Typical fiber diameters

range from less than 1 micron to about 6 micron. Examples of processes

with bursting polymer melt into fine fibers include US Patent No.

5,075,161 by Nyssen et al.; European Patent Nos. 1 192 301 Bl and 0 724

029 B | Y5t foerbyaiing Bardetapysieatiorre! $58 380ianby @etkiniys anch applied to

Wey0e 0207 22:byeS qriampiengtudherknese methagsittiles davalitezaleSatent No.

O e B o A B R o

polymer mélt is exposed to suc gas velocities ursts
MaRipRCty Bfs MreImardhT e sfceaissar srpasentiyareddsy (resiics ésirert the melt

piDGESS m@ﬂﬂﬁmm@lmgl Hﬂ@i%@@zzj@pgmm&tﬂ%%ﬁ%@lg&%ﬁﬁ%%%m 1 micron
sy ol A e s ol Teted ot e A o

filmis pro uced from
frotArtee el il TuidvesearpipleEetapgan I@qﬁ@ﬂq@d |h€lﬂl}ﬁé Forobih &24)029 B1 and

Rateptdy Q&tﬁﬁt%ﬁ&ﬁoﬁ Jlg% @g@ .A&iég' %%ﬁ%%%ﬁd and &@gﬁ@?@ﬁ $S8demann et al.
R S, 520,425 an assigned to t

L}?l%\%errsrll\‘!;al iréﬁe f‘—‘al\"a?fngzﬁ Shihs 68(28 f(I;ﬁr BSRSAS %fesrté)dﬂéuc pnd/or supersonic
rfarstib %ﬂtPfaW@ﬁf estide sigaerd forsusd Wb@@%ﬂéh@fﬁ@dﬁ/mmm multiplicity of

natedibeess 'Iﬂiehﬁ'dd%dslﬁl*@wﬂ\fi@)te@w&@§ oﬁh&n@cﬁé@ﬂ%% QokilibRs988 @Y and nozzle
g@S%t% ﬂu g Lg@g ?131%\41 describes of method. of imparting fluid
19

energy to a sur ace 0 fysgf) oriented, highly crystalline,

melt-proéds§sy f@éﬂﬁﬁf@dﬁo@%ﬁﬁﬁ%ﬁb@dﬁ?ﬂh@r@m‘e rés This filmés praduced from
fibetaetrendseédl farbigh e ﬂgf&ﬂp@iﬁfﬂiﬂ@x@ FSHChamERINIRICEME Rk amples of this

f&Q&B%é%HQ&XW?J&%r (6:1§t lba &J: I é %fg%(b%d Ty (i§386‘.‘7 %\irg tbeS'fS 361, ald Reneker’s

Electrospinning is a common use broducmg nanofibers.’f
tHiS rhEERoH % Spotetdr i H<koad 492 S8k errignsd @lﬁ@é&iﬁ@&%m.
sealed atlanshdiith acaheathepen izﬂgn&ﬁ:d;ﬁh@ meke&ﬂ@m&g@fﬁ@aea&rgned for the

he Aherend Hhigh v %ﬁge‘?sﬁgtl%”ﬁ's% 5 tS0. 2P0 J'v%dpfe{w‘i n?st. 110,588 by

polymer solution and a collector neart e open end of the &

Jﬁfﬁﬁ&&ﬁ&n et i prsebssofrasieny eswmgﬂb@i@r@rwpm@ce of 2 highly
proditel dighisral gl itk rArethe kSpifRingo leeh Tk RFRIREUEHRE. The films
@ﬂ@qugrﬁr@@%%p BEflash e ggyﬂgdwh'fgowgzge;n dglvent Twosst py%lymers or

methods of producing nanofibers are als first step ISt0 3
&eA s Rt eRsh aRAOBRTBNent fiber in an islands-in-the-sea,
segmeitiechpigimingther connfigliratahméhedarrsdidmaaiiofibers. In this method, a

%!Hﬁ&‘%&%ﬂkff%‘?& k%l%ﬁ&ﬁ@ %ﬁa%@&hﬁ‘ > %&%99%%9"{1%‘? ogg elt1 ﬁxth a small opening

nanofibers result in the second step. For example, U.S. Patent
S07RPESE APRIRMBeRRtdRe %@%fgfﬁgd &@%gg&am@@s@se@sn BpPbfkebesfveen the
ablyassigoletdotoaKdmbelhsiiacks desgrébedter the chamber. The production rates of this

process are very slow and fibers are typically produced in small quantities. Another spinning
technique for producing nanofibers is solution or flash spinning which utilizes a solvent.
Two-step methods of producing nanofibers are also known. The first step is to spin a

larger diameter multicomponent fiber in an islands-in-the-sea, segmented pie, or other

~ configuration. The larger diameter multicomponent fiber is then split or the sea is dissolved so

that nanofibers result in the second step. For example, U.S. Patent Nos. 5,250,626 by Nishio et
al., assigned to Chisso, and 5,935,883, by Pike et al., assigned to Kimberly-Clark, describe the
islands-in-the-sea and segmented pie methods respectively. These processes involve two

sequential steps, making the fibers and dividing the fibers.



islands-in-the-sea and segmented pie methods respectively. These

processes involve two 35 sequential steps, making the fibers and dividing

the fibers. WO 2005/103354 PC&/US2005/013342 3 To produce
eprwsakigsaiticles containing nanofibers that are commerciall CTIUS2005/013342
advantageous, the cost of the nanofibgrs must he controlled. qufneri{,
process, process aids, and polymer costs can all be controlled.

Therefore, it is an object of the invention to produce nanofibers which are

low in. cost. It is also desired to form products containing nanofibers for a
variety of uses and benefits. The uses include executions such as a

diaper, wipe PRS0 <BIRRAR FnatEifais afBigBtherisE8eTS UMMARY @mmercially
Ttz MmN TiHO oSt presenffiireptionts difecird. (EQEGIREICORMIS PG cess aids,
"angiihghweRa bl pre.cdighinas bailRte. The Artcles senERo 1o produce
hygiene, medical, industrial, filtration, and geotextile articles. onlimiting
REASRS WAy e e’ &€/ include diapers, training pants, adult
incontinencaspdeisiecCatésne piatupreduaisistieh e teninine.care Pads aitbenefits.
pﬂ@ﬁlﬁé%?el&ﬁ@&%’&&mﬁ? Eﬁa{lﬂ ei: lﬁ%ﬁr}g'%\?%g Ia Ss’m%egl%%%r?%rae %gl(?(l)%ér uses.
and personal care wipes including baby wipes, facia W|pes,aboc§§} \ﬁlpes,

and feminine wipes. In adédities s EEidEPNhe nanofiber webs

can be Usepkeasdnwip®pabspcbentaataeadoapdstifeindses: Wanditularlsuitable as
t%ﬁ@go“fﬁé‘ 51\9{9195%% &%lﬁj(fee%/gx%r%,l'rg‘g&%af?%gf%trﬁgl?fﬁi I%Bgrrl,%%@ D otextile articles.
outercover, leg cuff, or barrier layer. It may also be use& as a W|peg?or
rSgpiEmiE s e gFRli pt Biiennarticdaitieiing Gemmrerdtinsaena aduhiamtisence pads,
usesochids nanbiiberscthay ighinitkarnet eadf 86 HahrihdraNieigiontapersonal cleansing
compisgasilicampumetalie IRet,BIFIERRY AIEAHIAR e, boay

of fibers, in one layer of the web contained by the article. The nanofiber
CHRPrUE NI Bapfer BRAGSd Sir ey Shen PaRLtRFE s gan be used as a
baisis wbeighhoftheiniemd-beretofere Panifokiynarafibefiwebsbiih ewsed as a liquid

%%NYE'Q%&PQQ%B‘&[&%{HQ@MAS&%H%W [Z&ef;rr.s’ I%%Qr 3Ro be used as a wipe for
polypropylene and polyethylene are very challenging %é)roduce.

E aﬁa%éﬁﬁiﬁ@% af dighitn Bl sdstiRe AERBREERs BAHSE Ytftable for
polyolefihs sucifiass.polypopyieneor pf)llyesthyzlgme nE@btstyaart&mgﬁsba significant
useddn.electoseinning.butis.100 frittigand ﬁwglﬂsf%mn@%ﬁéﬁ» oPRILEN ?z!:lxytained by

electrospinning is not a suitable method for high speed production or for

iRAB P OSSR IR ST TXiierdsB PHRBL OmMer ATRATE Y Phiea relatively low
Naniefityégis hftke weden used but are not controlled enough to make low

basis Wﬁ@&%fé@f%ﬂfo\ﬂﬁlﬁnﬁiw}it%@ Wﬁplb%z g@s%@@i@ﬁs%é(d@’ﬂgancmgﬁonly used

or non-uniformity maé/lei%reate an unacceptable barrier. Therefore, there is
DY e SHE 16 HrBARERY IR0 A 100 BHBILIFeigitt WEH coMbgg do produce.
Sidgeificgntomgnibercommon way to make nanofibers but not suitable for polyolefins such as

polypropylene or polyethylene. Polystyrene can be used in electrospinning but is too brittle and
will form beads. Additionally, electrospinning is not a suitable method for high speed production
or for in-line processing with other layers for webs. Other methods to make nanofibers have been
used but are not controlled enough to make low basis weight uniform webs. A uniform web is
desired as any type of hole or non-uniformity may create an unacceptable barrier. Therefore,
there is a great desire to produce a uniform low basis weight web comprising a significant number
of nanofibers.

It is preferred to produce nonwoven webs containing at least one layer having a
significant number, preferably greater than 50%, of fibers having diameter of less than one
micron. It is also preferred that the nonwoven web have a hydrohead to nanofiber layer basis
weight ratio of greater than about 10 mbar/gsm, preferably greater than about 15 mbar/gsm, more

preferably greater than about 20 mbar/gsm and even more preferably greater than about 30
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of fibers having diameter of less than one micron. It is also preferred that.

70 haweMen web have a hydrohead to nanofiber layer basis %} 0.

of greater than about 10 mbar/gsm, pteferably greater than ablowu]te/ 559/5%342
mbar/gsm, more preferably greater than about 20 mbar/gsm and even

more preferably greater than about 30 WO 2005/103354

PCT/11IS2005/013342 4 mbar/gsm. It may also be desired that the air

permeability of the nonwoven web be greater than about 1 m/min,

pPETETEBYy (redtet'than disBed Pt iimiin prBrebHererdbtyaraater tibrbe ereater than
aldout 30v/mitmingfardimestipreferaiilyug reaiemihamab Gt ERIR/ @miatel BRn about 30
Dﬁ?ﬁﬁiﬁ%@fxﬁ&% g{%%ﬂ@%e@@gtﬁlﬁl PD%WYnIS’PIKg?B%EM oaft tLee A rohead and air

/d
about 750 mbar*rneter per minute, more preferably gréater than about

1BOEHBHY fhBEEREP e 2RV TG RAT FRFSHAIST, Br et At Ay ereater than
2800tner trhetenefpe prinitecandmost preferaiiysgraaterdnato 0000 mbartmeter

n@@?—fﬁﬁﬁ@é?&ﬁ%&@ﬂ é?erw g%ggyﬁ}ag%% rﬁygﬁ%e%é‘dpgrn Xgllﬁlll[te ’Bh@ LR%%%ZL of the

permeability divided by the basis weight is typically greater than abo
SAIREEPh AT MFTERPHEY Gandehiatdhalbnyresial i rpimsBueTst isarabout 500
metet* peenputénper pgspamand fadsy preferaby gieatersthabakesé80Rinute per
A HREIRLRRLIRIONIE PRL ISR AP IS PUOBRINEANBE fipasyred by

hydrostatic head, commonly called hydrohead measurement

hydrohe=d BERBPYRSEREPAh SR PE s H T dinsiatny rdnrapBeRlL 54d hydrohead
albbeastrdib@uian GBre Thkrdivet zge Htheeakartiveted eftarsigaifipaatin o escaf 15 to about

fibay itk the R aROHPEe HIAYQE Al HIS MERAARREIGSB A HBOE MIELONARL:: tayer of

preferably from about 0.1 mjcrons to 1 micron, more preferably from
BB e i 15 a BRI THRE BAEhRIgh SPERhinbAter, more
|pyeferatdn ivenl egsitisthraloout 2bagerh ) GontrarlyTheesbeaioht bithabaidtiver layer

15:06M.LiigraBI L%%ﬁﬁ%@&r%ngﬁﬂ%rﬁ E&&%ﬂ- t-g qgoﬂ@@ggﬁrplz@’e%bl s than 10

have a basis weight in the range of from about 0.5 to about 3 gsm or from
aBBUP 0 ETB ab G F S i D BRRIiAY Bip SRS tisK BFthE HsriARsGeH fp about 0.5 to
Tdheuighesie cisiidefineatdsSdo baoret. foehinuidssreibtig spanadepitixtunesoven web. The

tlﬂﬁﬁ@é?fis%@ﬁ@ae&ifzjx%%%iQﬁui&g,es@ﬁﬁi%é/&aﬁl&ﬁnqg%ixg{égg f?&r%ﬁ%%‘ﬂ execution,

S| rf%ce.tensiogn Ii&uids grfother particular uses by further modifying the

SUFARE'ST 7B P e G o IWEh WA e SR G Y& P8 BrBRifa &Lt sby furtber
bapddying the sxempled fﬁtfefxbemwd%wvbeﬁthambaisgdaﬁgmmgt@dotdﬁe such a barrier.
ImprovenbRIR REFRVAANEE agabastAaw syace easiRn fuids. &%ﬂ?fﬁﬁ% against

olgtheugresent,lnvf?lﬂgon may also provide controlled delivery of a

W ace tegsion . . . . . .
substance during u &, One example is the delivery of lotions in a wipe.

The wipEwesittiseotl €signesdntoinseitotivetly dentrohvide Barridieprippestiest a substance

thremghide vse ShRsRofibgEsTNis, Canmanable tgnﬁgeas'l‘he wipe can be designed to
selectively control the barrier properties through the use of nanofibers. This can enable timed as
well as regional delivery. The delivery of certain substances in a wipe containing multiple
substances can also be achieved. For example, hydrophilic and hydrophobic liquids can be
distributed as desired. The controlled delivery can also be of light as different regions of the web
can allow different amounts of light to penetrate the web.

Web uniformity can be measured through several methods. Examples of uniformity
metrics include low coefficient of variation of pore diameter, basis weight, air permeability,
and/or opacity. Uniformity can also mean lack of fiber bundles or roping, or visible holes, or
other such defects. Uniformity may also be evaluated by the hydrohead or other liquid barrier

measurement of the web. A higher barrier score generally indicates a more uniform web.



well as regional delivery. The delivery of certain substances in a wipe

containing multiple substances can also be achieved. For example,

hydrophilic and hydrophobic liquids can be distributed as desired. The
wenodlesssiglivery can also be of light as different regions of WEQ

allow different amounts of light to penetrate the web. Web uni gn/nty %%25]13342

he measured through several methods. Examples of uniformity metrics

include low coefficient of variation of pore diameter, basis weight, air
permeability, and/or opacity, uniformity can also mean lack of fiber

bundles, or roping, or vjsible holes, or Oth?r such defects. Uniformity may

2150 bel U AESITESING T FOHELE dPRUAEH e Baties SHiat Hffeig e mear
afothdigvedier AL Higherolheriby sde recfraridydiss itdicates dSmonensniforerpreferably less
WER-aW¥E MEL)Q@,%& Rt 1596%@%54%53%3 aBoR0f %%%@@ﬁ&é’é&i&% coefficient of

detegminfed b){l n%ethods kI’IOVén Fo those skilled in the art. The mean pore
TR P St InETHARORSR G4y 8F 1S5 raR8r Al IRSLRAN 5% (et s hfitrbng; and more
rorsfergbte fetraily Qéssr than dbolacl 0fmivionsaahd moestrpddfe rabhtiteste number of

thansabeudcueranss heAesired.cacffigientol Mariationiia YRR be measured
web can be less than %g(‘}/fe,ggxreferably less than about 15%, and more
or less.

prefarABRy Aottt G 1R FoRIRY o e HBsbG Kb i ymeasured area
cBuhtinggthemuratidnp bleopes rictysrrite stobttibe rlmgamestasered @rebeofised.  For

thawsh Thsolack.ef BolasaaniAlse, e HRARIIE thOYLQHAING IR IMBRY o are

of holgasnlk%xin a diamdeter above a certain threshold in a measured area

e { microns i diameter, .
ﬁ?ﬁe web. A scanning e’i‘éc‘ifon microscope or other enlargement means

can be Miset. tRglesira tn dlemthevdiot€ semszn) beeroUfitedafidfiey hyervisiplectoombined

(RIS v/ okl 9iRdE: aBR! DRXpRARIR-MAEIHABhICLINIEENS e example. Basis
dlagr]n%et%rl%h@?c}{a?e desired to form a web of several layers. The nanofiber

BT B RIS HERP S BRE 0T OF RSP rageps Caebout 100 and are commonly
Spumblowd 1Rameboeiadgembond web is one example. Basis weights for the

total copmgstie welssraraeciombalbagsmiie RBRRELELAD ABM BI&n fibers. The

commonly from ab L. about 50 . Many of today's prodyct .
R A0 SRS BB cHer Phe | SR Blchiaiarbs v
demalbbfoohaatite reis arogridatiab @ shicichis. Tybicdbm. nidie blowmsigivsf the melt

willwhaws & bysrheadde hesisveightiratiosof abow:3daaERaHESMYy from about
Thlet(l)o |s weight of tcﬁg rge{sj%blo%ndvg{ebé Tjcommonly from about 2 to
abili ly fr

. Dl ~ . .
about 1&]3%.’ IF pe ﬁ% ?/plcefr Om &bout 0.1 to 100 m/min,

dependlig Bineiben & FBF el Foieathgy PR maofibesilipericanuséform layer of
pradusesl by amrmethee resilting nagmdiosn Byar ot nanelineisn process, more

e L -
ﬁqag@ég%t@%ﬁ@?%ﬂ§pmviding a polymeric melt, utilizing a central fluid stream to form a hollow
polymeric film tube, and using this and/or other fluid streams to form multiple nanofibers from
the hollow tube. The equipment may be designed to form a hollow tube of film at an orifice
whereby a positive pressure fluid is blown through the center of the film subjecting it to a
stretching and quenching process causing the viscosity of the film to increase and fibrillate once
the local viscosity reaches a critical state defined by the material characteristics. The fibrillation
and solidification may occur before the fibers and fluid exit the nozzle. The equipment may be
designed so that the hollow polymeric film tube may have melt weakened regions to help induce
fibrillation. An alternative apparatus of making nanofibers is a slot or slit type nozzle design
which produces a thin, relatively flat film (instead of a hollow film tube) which results in

nanofibers.

BRIEF DESCRIPTION OF THE DRAWINGS
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includes the steps of providing a polymeric melt, utilizing a central fluid
stream to form a hollow polymeric film tube, and using this and/or other
fluid streams to form multiple nanofibers from the hollow tube. The

j y be designed to form a hollow tube of film at an Qrifi
m%ﬁﬁﬂaﬁgiitive pressure fluid is blpwn through the center %%9 #1%%%5/0]3342
subjecting it to a stretching and quenching process causing the viscosity
of the film to increase and fibrillate once the local viscosity reaches a
critical state defined by the material characteristics. The fibrillation and
solidification may occur before the fibers and fluid exit the nozzle. The
equipmEnt faly SRS HESH L (A THE ABIBIWPABIRREHE fith HiBRcHiagaiming the
hasemaltaveakehedbedigren shtoshekp vinld beerdibrillationodialtéentilesving drawings
E&QE&%fﬁtb{%ﬁﬁﬁt@hW}M@QJ&Q&%%A%(@%B&%&HMMpe nozzle design which

produces a thin, relatively flat film (instead of a hollow film tube) which

results N GBATSBIIE BYHRSERIPH BRER FHHE HRATARE 8400
2005/103334sRCHiUS2005/0ABS%2] 6 WikerttbiBpdsificatedghicnetudes fiber sizes.
with claims pointing out and distinctly claiming the present invention, it is
believed the same will he better understood by the following drawings

taken in conjunctio RN AR RER ORI LN (RINAR T3S 1%%&%’—’5&251’4 is a chart
showing ey drofetadizasie weighst Mtimtitgifsva]ziéys"tﬁin_enaiqﬁ&rﬁ_g .Tﬁei_Snanoﬁbers are
Cﬂ?@&ﬁ&éao%ﬂgd?%d&%ﬁﬁéi tﬁ%&gﬁ@ﬂﬁg@l Basiseight %}Yﬁﬁ599§ é!tk)ﬁ{ermoplastic
sizes. DETAILED DESCRIPTION OF THE INVENTION The present .
RVEMEh FRSRS "t IcESHTat TV Far bt P oFHRAHah oDk e polyamides,
m@nﬂnmdeﬂrmimhanm@ﬁedﬂgMpmﬁmmIymemwmmgcmmpm, PLA,
%&%ﬁ%%&%i&ns? %ly%%ﬂg@bdﬁef%ﬁhqﬁé%ﬁmﬂ&yﬁgﬂo&&%g%, and blends

polyolefing, polyesters, polyarmides, polystyrenes, polyurethanes,

bR e KO A R ATSETHA then HOBHACHE CHFLRCTMER B Aot st
awinpositorsiang voinbinativlvs thredeeflyFhelérereopbtiater, copolymers,

and bleggsihereef@ssircldad within dbisJesarintionihe BPelt spinning. The

preferred polymers olyolefins sych as polypropylene and

SORAGTARETRUIONS. Tnd ERARIoE 5 St At el VT SRl oxruded. The
thiehine pramtitepohyahbepinchesd és anyepoly e sbitgiIE foto It Spifimimglymers of the
Thacihasagisahpropediemat thanelyracash he.suehothal IReR YW Mehute. This
can he melgi?%li%g%d. Th%1 meltirég.teég er 1teucrleeo glerpgl meris . d using
generaily from about FEERAOILFiva polymers of tHe" prédeHt iAvErfonc wsme

may Havehe ddet Fow Pafardite sy melh Sbomtanaydedigsdms gounhdidfudecigrams per

THhisiteneasusementjsdaken asohe@oiumenis peesentin dheshs: Jrhermeltess than
fl W{%’:\Oig measured usin%nlS ASTM n%%;rh d D-1%38. Preferably, the

al ecigrams per minu A most ed range for melt fiow rates 1s from about 1
Melt flow ratemay be [ess than about 300 dedigrams per

decigram per minute to about 100 decigrams per minute. Generally, the lower the melt flow rate

the more preferred. Therefore, polymers with melt flow rates less than about 40 decigrams per
minute may be utilized.

The fibers may be single- or multi-component fibers such as bicomponent fibers. The
fibers may have a sheath—core or side-by-side or other suitable geometric configuration. After the
fibers are made, the fibers may be treated or coated before formed into a web. Additionally, after
a web is made, the web may be treated. Optionally, additives may be compounded into the
polymer resin and these additives migrate out to the surface after the fibers are formed. The
additives that move to the surface may need to be cured utilizing external energy, such as heat, or
additives on surface may need to be chemically reacted with another component or curing may
need to be catalyzed in the presence of another component, such that additional components may
be added to the process while the fibers are being made or after the fibers are made using the resin

with additives. Suitable treatments include hydrophilic or hydrophobic treatments. An example of
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minute, more preferably less than about 200 decigrams per minute, and
most preferably less than about 100 decigrams per minute. A most
preferred range for melt flow rates is from about 1 decigram per minute to
cigrams per minute. Generally, the lower the melf flow rate
?ﬁ? hrﬁ(o)!grgQrs)?f%erred. Therefore, polymers with melt flow rates Igg‘lg thap s/01s342
about 40 decigrams per 20 minute may be utilized. The fibers may be
single- or multi-component fibers such as bicomponent fibers. The fibers
may have a sheath-core or side-by-side or other suitable geometric
configuration. After the fibers are made, the fibers may be treated or
JystaptsliforE BT nAts H-weby daiteemalJhataseife Wernisthémendhen the use of
wiebweigyype dfeatedeOpidonadlyfadelitivesirsy hesomperndeslinte theseSkilled in
Aplymer resin and these additives migrate out to the surface after the
fibers are formed. The additives that move to the surface may need to be
cured utiRZRTG ExtEFrRabERE Y Sak B fidend rmageniyés mavida kiber meyerties for
neediterbeTabe nmicaliyokGCtd plithanptbei e pARSRkGESH TGrNBadh as elasticity,
eefio Besalavzed 0 RIgsROCe.olanainet compenent, SRR oy, surtuce
additional components may be adde %o the process while the fibers are’
HERG R e Pt NG HBRte aifehadestisibl drpakilicamaliind ditiditivesbe added.
Syitabie treataents teghdenhydropbidicandydiophekicseatnass. An
exampl%h%_f %90%085{&&%%5%? gzyo%ez 9%@9’1]63?}%26112 1hn¥gr599 h(i)sb ICr ferably a melt
treatment is poly-di-methyl-siloxanes. The specﬁ’lc treatment élepeags on
tHertHedogr PP e, e st R e malh dlstHibrilden ormessiraBaerally, this process
tieatmspisada famdiansadhese skileg incdhalan Qpianallyothe POWREE film, and
R GantalhaA i RRAl MABHAIR B BIAVIAS, ORI BEHIES I0had e gcinited, or
fiber. These may modify the physical properties of the resueltlngq‘?ber Such %
LRy - SshargiNe therfidf orcherhintstabhidaten datr 4md3,526, 5,520,425 and
absorbehtoyR adbrrafse fienayy sefackoprapertiesyand4orvtaRiituianeagicture.
other;. ﬁ%%‘ﬁ‘?&@ '&M%’é‘aﬂh‘ IHS%,%%I?‘%%%%&?y }%% ?e(cjiduengi iLO jQHQSn 2 kiq id and flows
materials may be present up to 50% of thé total poalymer composmon.uﬂw
ifsthod DInTaRIRG PRE RS Btebe 6F thepResaveisTarmBrERowr&f&rdpighaut 400°C,
meferdfyfibritationpiotess, doma e temnblya mealtdin fibllatian 20°C o about
Ppessr3 ARl (U R AGRER. WOINES RTRY HIA,E PONIEHS MElhcr or potymer

utilizing a central fluid stream to form a polymeric film,"and then‘using a

OGRS P MntBI HANGHBE R RANTIRE FHPn Stitalie RO Grabove its melting
detailedsftorblexample, 150 O SoRate nteNiog 40536364 pie fEatnppissamdnl 58C above its

Fﬁﬁt@% M&, 911§§31?s15a% @r éoé%)lé %g’eﬁiﬂg p§rr§c%§ tgaan I © Iﬁ%re IIQ&%'SE’&m or range

may be a hollow tube, relatively flat, or other suitable structure. 15 As
firtrargeseiRth ¥ $3meseet: thy pulrher e ld il fsms Bmgeify of from
ahoufl0\Ws-ssasitpuT i rRele dypahiindromaydue Zatosabemperakare M figsi commonly

aREVL QG 10:12ROHE 460 Bu-s. These viscosities are given over a shear rate ranging from about
100 to about 100,000 per second. The melted polymer is at a pressure of about atmospheric
pressure or slightly elevated.

In one method, the fiberizing fluid may push through the polymer liquid film to form a
hollow polymer tube by blowing and applying pressure on the film and then inner surface of the
tube. In another method detailed in 6,695,992, the ﬁberizing fluid will form a sheet of thin film
from a slit or slot type die design. The fiberizing fluid may be at a temperature close to the
temperature of the melted polymer. Non-limiting examples of the fiberizing fluid are gases such
as nitrogen or more preferably air. The fiberizing fluid temperature may be a higher temperature
than the melted polymer to help in the flow of the polymer and the formation of the hollow tube

or flat film. Alternatively, the fiberizing fluid temperature can be below the melted polymer
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preferably from about 10C to about 300C, and more preferably from about
20C to about 220C. The temperature of the polymer depends on the
melting point of the polymer or polymer composition. The temperature of

8 RRyMsssgan be less than about 50C above its melting 20 %lr/ hsaopsnase:
preferably less than 25C above its mgjting point, more preferably 1€ss than

15C above its. melting point, and just at or above its melting point or

melting range. The melting point or range is measured using ISO 3146

method. The melted polymer will typically have a viscosity of from about 1

Pa-s to about 1000 Pa-s, typically from about 2 to about 200 Pa-s and

rfSrReES O A S TS i a4 o Bl satidifeeie of TresenofdoositiBs dierizing fluid

givgnraves A kee araﬁade?tarsgmgatf@mm&@@tya& s ahaut %Q@:&QQ R&{ than 25°C

melted, po ymer is at a pr ouf

e B g A o LR metine

tﬁ?e&gﬁﬂ‘féﬁs@rmereraa RPBIFPYCORYIPE BOID ﬂ@wtﬁ@mﬁ@rﬂu@éqagpwmngay also be

mwﬁﬂtﬂétﬁﬂ@e@z@?ﬁw@m Jthevfilm agéci tTﬁE@fﬂé&@@ﬁ@Uf;ﬁ@?@&%ﬁg e 151 @ufﬁuent to

[ met et e fiberizing fluid will form a shee

o B e R M g ) B

étué‘t%tﬁ?p’étféi%re close to the temperature of the melted polymer.

Non-limitingiexamplesiaf ¥ie fbeiaingiluid aneeases-rNE3086 Pilrogetohly, the

rﬁﬁ’éﬁz&f Eﬁl id %s%{{re-rvrvllﬁ [ib?rIZI trgnf E?f? %'r%tﬁ;:‘e O?A]\ﬁ, ?Fst%thaxg hbout 100 psi, and

temperature than the melted polymer to help in po?ym

aPRstPrereTPhation ﬁ%éﬁ&lﬁwuﬁﬂ%’sbr flat film. Alternatively, the

fiberizirghdlpotl tesnpesagpe: ean Reaelovstori meltad Robsme rpWnyer used, the nozzle
1 8200 /0133428 te erat SSISt

fom?éf.%%?iﬁdt{o B R B ot vt be more

UFSTRNESS WA AR EoE SEdveiietonEenibiang psiean be more than
pﬁete rabtyniess thiatt? feorievadhtopolysneifeltiag PO aB¥AFQ0 gram per minute

ref t eItln ont or.just.at or
gﬁ%\%ﬁt%% ﬁ%&%ﬁégﬁiﬁﬁ%}% %er zmgnﬁu?d Otlg‘?nkpera urgl rl'rrtlgeasTS fhe total

BESIEIBW ERBEHRYE e Shcte ae&%rwreﬂew% AISESUIPh dOPIRSERUTR @ﬁ@héﬁlomf}/a are
fibewizingafldid Besuificieatito Alotvetheananatibets andibanddeuslighiVse the term of

%9%&&%&@%@&9%%&%@? mm 2 BSdlis 5%%!%90 trg%%r centimeter of

orifice. The fiberizing fluid will generally aveapressure

TERERABIS! e b RS Y RAE tﬁ?&@%&ft@lmﬂfﬁéq é"s@ltHétﬁaIdW?fét Shirarclien fim
preberablyfiess thepraibout 100 paingads hO moesttpretaraily franrabaubihb discrete

tf?o?@%%ﬁ@h@‘i‘ozzﬁ%ﬁﬂ& r@lﬁ&%ﬂggagﬁﬁr}%@&p{ﬂ@%“g \!ﬂ?&l uy%? écgpgxat nozzle is

specmc pol%/mer used, the nozzle design, and the temper re an
SEUDFE ‘thehf)cﬂ‘)’ﬁf?elr 4R S R S R g B LR NiIP B o f efiavapis polymer
lhgmgimpewmbwtexpehmrﬁboet Pgelerablyn the pakye) erdlarau it gamnddehan about

@erﬁntgé’ﬂzm per minute, and most preferably greater than 10 gram per cm per minute.

An entraining or other fluid may be used to induce a pulsating or fluctuating pressure
field to help in forming a multiplicity of nanofibers. The entraining fluid can be provided by a
transverse jet which is located to direct the flow of entraining fluid over and around the film and
nanofiber forming region. The entraining fluid can have a velocity of from about 1 to about 100
meter per second and preferably from about 3 to about 50 meter per second. The temperature of
the entraining fluid can be the same as the above fiberizing fluid, but it is typically about the same
temperature as the melted polymer just as the film is formed. An air curtain or other ancillary air
stream can also be used to affect the spray pattern of nanofibers from two or more nozzles. This
air stream or curtain may aid in shielding the spray formations between adjacent nozzles or may
aid in compressing the spray pattern. The air curtain or stream may improve the uniformity of the

web.
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about 5 gram per minute per orifice and more preferably greater than
about 10 gram per minute 15 per orifice. There will likely be several
orifices operating at one time which increases the total production
he throughput, along with pressure, temperature,

vmgls())ic{%sﬁg%?xmeasured al. the die orifice exit. Another way to dgg,g S%OO%UBMZ
throughput is to use the term of extruded wet length. The polymer
throughput will be more than about 0.3 gram per centimeter of extruded
wet length. The extruded wet length is defined is the linear distance of the
molten film 20 before nanofibers are produced. For example, if the present
inventioh Rt Sttty TRl PR fa ey S 47t PP RBZRS BiiceThis third fluid
diaswetemi sellgertimetérctibuthass throagiibits tat@doothatinbe flesis I the fluid is

@mlgplyuﬁ%nﬁﬂﬁlg\fﬁfe" fite A? 9@%%&&@?@ BEIR RELNIR: RYGIRRNooc and

ﬁrgolymer th I’OU pu will be more than about 3ﬁgran per cm per

OISR pratel Aoty flater i ias et BErE P et rﬁmat@mperatwe of
andomipst pefekadly greatermbaly T0grdnupBOoethiperominiaes. 2bnfiuid stream may

%H@fﬁﬂ(é%@ Ql%tl'f%ﬂ(iiﬂgom ay tlﬂg b@?ﬁép ﬂ{é‘ﬂu&ﬁi gHu ﬁﬁ’v}'g&%ﬁ'}%‘ %Té'l @’Bﬂ% fiberizing
pressure field to help in forming a muIUphcﬂg of nanofibers. T

htidiiningy MG g BN DY FBs RIBGeay i (e Her iR 78 f%%@lf@ the surface,
dinecidtiepfiyaic 0f @ntealaincpflpig atier aiftbasaumtd.the film and nanofiber

formingriggion. Lhe-satraining fuid ﬁ@galb%f%cﬁly&wfd%%ér%m gﬁ &tRa die-to-

about 100 meter per second and preferably from about 3 to about

e Pet SRSt The BMPePAEST sohhariiZAiMtgYididdn BedHgne a more
sanarasythe Aloietfdoen Zindpfilicabukip is typicallye aboutthefibanbendling or roping.

IORPRIAILIR AR IR Meled RAVRehILST AR IRG HIMJS fAME dy AR Allnd one another,

curtain_or other ancillary air stream can also be used to affect the s
éﬁréﬁp during

FAtRBPAIG HaTSTTSe TS REh G RB &b gddCR S saireBuieshinse
eyl within shie ldivigdififersprbsaformigti diisloatWEEn . atljacgritenkzizid® or form a web

DAY RLNGRRRIESSING thens er Hptigrn. The air curtain or stream may
improve th unlformlty fth web, WO 20051103354

PO R SEIe LGP SHEA P HTSTER BYhRRG HuRglts incude
cadtdptiohaijiise asisreube?thwsltmmvﬂxmw@am gdittibe focatedttoodipeint fibers and

f%ﬁdﬂ'ﬁt&gh e nanefibersta eeql erﬁﬁq@tﬁﬁ%eggé%r&11§§§t§bﬂ%@n§p&§§@z@§eﬂ into fine

T S o R L o1 51
fm764|92§ Bl a%mp@reﬁm Fatoft B\ frdiveidioli8 DB 1A 00 Ceermek typicalfy FAdIR0722 by

alRuh 06 10 abridt 2806 MY HMId SHiea, I ﬁ%@&riﬂy¥§et@ag1€elocxtles to sonic
flbg}'lzatlon of the polyw rmelt and can thus nera?mel?%calle fiberizing
f

uids. ARy SFthet PSARPSH %{ym(?on PR it & 4 Wfﬁgsl%}mts info
Ghdﬁgiﬁgnhéﬁ@@rﬁé@é, chemical, physical, or mechanical properties of

fibers n}@qfeﬂm@d@saxag@ ifrem tearices 97598718 {QGeleptEiSaRASphenylene
% Epcrlgorge){t ?r?%lcl)e %laments In this method, the Laval nozzle is positioned just after the
spinning nozzle. Polymer fibers having an average fiber diameter of less than about 6 microns,
preferable from about 0.2 microns to 6 microns, are produced by subjecting the polymer melt
streams to drawing out and cooling to below the melt temperature by extruding them into a
gaseous medium which flows essentially parallel to the polymer melt streams and attains sonic or
supersonic speed. This simultaneous deformation and cooling gives rise to amorphous fine or
extremely fine fibers of finite length. High speed fiber bursting minimizes the surface oxidation
of the fibers. WO 04/020722 by Sodemann et al. disclose a similar method of producing fine
filament spunbonded nonwoven from fiber bursting of thermoplastic polymers by using sonic and
supersonic fluid velocities. In said process, the Laval nozzle is placed underneath the spinning

nozzle. The spinning speed, melt temperature, and the position of the Laval nozzle are
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10 collector distance (DCD), can be optimized. The optimization. may aid
in producing a more uniform web. A reduction in the DCD may help to
reduce the amount of fiber bundling or roping. This lower distance does
e fibers to have time to entangle, wrap around o
gﬁrgb%’g%}l?elﬁ#lmay be desired to utilizeymore than one DCD forr}% R§5 e
change the DCD during production, or to have different beams with
different DCDs. It may be desirable to form a web is with different
uniformities by changing the DCD. Nonlimiting examples of other
nanofiber making processes from polymeric melts include melt fiber
BarPERG Auveine saRE Wi Airactb srddaphitieigfifofamenticorisararfece. The
ffbers;auaiuﬁel@fnm@snﬁxﬁrnp}e&@h et Jibe tdon &3 BgIHREQS SRS WkliZINGicron, and

rmelt.into fin ber incl Patent N 7
Q%‘S%;gr%e%géy{n éﬁ? ggegﬁr atatleslglgte om Ug%eg%ﬁs cti aﬁaaé%ud $§jd(§§%9]bé ¥}eﬂ\mg m
AP ERAFOREEH PRREFEIAKDI é%%léﬂlﬁé%dsbéﬁéW@éﬁ@n@ﬂ%é}w@mﬂe to speed

4/0:203 22nbyarRodpmani el hese methodertilizediaval RRRAIRS tultiplicity of
spReeq.up the gas velocities to sonic and/or supersonic range. When

polymer melt i is exposed to such high gas velocities, it bursts into
multipliM§/idimgbribaien Nyesedies TamRaesd e DS ting@rroR in how the fibers are

S5 Ahd 1 themedfiagl ef-hugssingrpolyphemitenen? Fisulfide melbistadine Melt film
fﬁ@i@ﬁﬁ&% s't”r&‘l%éﬁ‘gtﬂ%d ! 8me%ﬁalaﬂlco %ZI%OII?IOR/OSIHP l’l’(lj i 2t %ft lrs Cl)l—‘l?rined by central

spinning nozzle. Polymér fibers an average fioer digmeter of 166S
HAF RGPS HREHHS TparayHplisity r@b@%ﬁ@@z%mtt@e fiicrsrgchgeometry
mﬁ)dbl(‘:%drﬂyngLibje@ﬂﬂgeﬂﬁenﬁmlﬂmeﬁﬂﬂeléxﬁﬁecﬁm%(ﬁﬁld@Wlﬁ@@wwgas veloc1ty in

q_%gllpgbgglg glﬂXYstm% rylg eI% &kﬁeﬁgﬁﬁf% exg%dlng vtvggs mz{# OIlg %1'0868888 may

medium which flows ess o the po mer melt streams
Sifih S oSy &ﬁbaé‘l%oﬁfc%‘ geephig sﬁﬁmaﬁéem%ewnaﬂ% fifer bundle

doatinggives rise to amorphous fine or extremely fine fibers of finite

length. ngu}? g&s@&%ﬁ%&ﬂ&%a%ﬁ'gyé%scégg%ss&rfab% Qégdfgtlo e o tehfvevebs of the

fibers. WO 04/020722 by Sodemann et al. disclose a similar met

PrEtHEIRY RS riasHeit %?86 AgSer ROARwEEh St B%‘?‘B’G’@ﬁﬁ@”h‘fr layers. Melt
thiermbopidsticqpdly mensibad usihgred rfitnafithiSiuparsahiexiuidhueliadtiass b a single

Sfﬁ'éj W&%E%SH%&J-&V ﬁkl?ﬁ%@%d&ﬂg%%glyﬂgﬁ{&% t%'&%n%’ J;{Ellﬂ%é 1bullat10n For

nozzle. The spin W_gspee melt temperature, and the position of t
CEaP oS REsaPE S SBoRIEEs AP W@%@B}Mw&z%ﬁ%&pf&ﬁwé%eqydemd
settonathieviponhytisartistdnetmal, exidationmodfiienfilamenta atdbeincluded in other

siufagsthGn g@ggge@r@%&@%@eﬁéhﬁmm%m%hﬁsﬁ%%ﬁ!ﬂ&&da%%gamd tube to

have diameter of less than 1 micron, and™ are corinected to one anotheér at

05 BRE TS 0108 RGPS I AR R aE o SEns s PHy e Riolitifd to include a Laval
EordpeaniP atettAiglidatonis: 192 30iavtidd dveh 358 BGO MiZhatsatenuation and

%Qfé%é—@ﬁé%'ﬁ@gé&l%ft%ésﬁg&g iR 195}7:‘59 ﬁ%ﬁlﬁﬂﬂpm«&??@ ‘ﬁﬂéﬁ l@g I{%Iymers such
that is used to burst the polymer melt into multiplicity of
as polyesters where crystalhzatxon ig stress induced.

The nanofibers of the present invention are used to make nonwoven webs suitable for
barrier properties in articles. The web is defined as the total nonwoven composite. A web may
have one or several layers which are consolidated by thermal point-bonding or other techniques to
attain strength, integrity and certain aesthetic characteristics. A layer is the web or part of a web
that is produced in a separate fiber lay down or forming step. The webs of the present invention
will comprise one or more layers having a significant number of nanofibers having diameters of
less than one micron. A significant number is defined as at least about 25%. The significant
number of fibers can be at least about 35%, at least about 50%, or more than about 75% of the
total number of fibers in the layer. The web could have more than about 90% or about 100% of

the fibers having a diameter of less than about one micron. The fiber diameters of the web are
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fine filaments. Melt film fibrillation process differs from melt fiber bursting
process in how the fibers are made and the starting melt geometry from
which fine filaments are produced. Melt film fibrillation starts with a film, in
SO es a hollow melt film tube, that is thinned by central 10 air jet
and tﬁ@ﬁ?éﬁlates into multiplicity of nanofibers. In contrast, thé& Stertify 013342
melt geometry of melt bursting is a filament melt that when exposed to

sonic and supersonic gas velocity in Laval nozzle bursts into multiplicity

of nanofibers. Fibrous webs made from the processes may differ in

uniformity because of differences in fiber-to-fiber separation and fiber
bufEcfoRaRGHY M VisssusTprocesses andandinbinatberofipricesses 500 times
caf be wseduto mmkaithe ‘é‘éﬁf@&i@g @B?Vﬁﬁ@ﬁﬁﬁt}jﬂye?j Qi@tf?rﬁ%f@ ﬁ&dsi tgnfi%cant number
methods, are methods which produce uniform nano ayers. iber
B S AN W R gy mor e
basth SO eELiigle Tive ytitmeRisoets stnelt fibdrusuestion douwldzhet the layer.
ineefiperatesing me ks itandibsilationdoat xﬁmw{% gbersa of dif;e%nt

strengths and diameters could be produced.to provide a ire .
comb?ng%g r%%? 6%%%%%%85%{8%% VN 58 p?é’%i% ‘6‘f&rﬁé1%‘fﬁ§1§?ifblﬁﬁ%&i 8R Bafr 7o may
hevRdibeetiambter mheitamerill inirphodbs dusaolibrrdagmsttie Willdughpuibove one
rate by wtiizing erhiedey elongated tube to form fibers. For example, a

T O S B O BP0 & Bt meter
aid in drawing bwnthe fbers. rawing down can aid in trthier

Reridhvnbe Sitreaectpe scngthrstEmdIibzes: iy A8y mmeters to about 900
paftichdesty eierpeddaniighgty Gofpaanaseehard 288 RAUYSHNRF0VA S Smeters and

chestalieaton b WSRsRAGERIIe 1aPoIRers LN RICSEILITVERIAN use of e
are used to ma e'nonwoven we. S SUItaeb e 10r narrier propé’r‘?lesﬁ
aiitled ThebRdpiEklefindavas tenibeariermbeyehitsmposite. axtivatianelless than

havset ene alcgayeaiallaygisdadishnaie epnsekdateskhydheemRabs great than about one

int-ponrd] her technigues o _attain strength, integrity and certain
T TN T

proetRt ey shardepen e thoeh ey oNPrBreRs PtHe s teprana Ebwra ko ofties carried off

present irvwention. will comprise one or more layers having a significant

numberﬂfeq pfélg%%&%\é@g d&a@% tggsﬂ{)f less than one micron. A
significant n?r%]ber is defined as at least aBout 156515}3’6{%% é?é [ |%rg?1’tn more than one

FRANBSH oAb rL RV S T By BBb hieadomayt e asehBs diBpont oFifiserdo produce
tharrafpout %y D thigftatafiumibetteffibe miathe ayee: Thepsibeould

h_ave mﬂrﬁx%)%@ @&%ﬂl%qg/o %dﬁ@f? Hts%%%/?a% 3 r%ﬁ@%\fé?le&th%VIH% aﬁb r diameters.
diameter of less than aboutpone micron. The flber diameters oﬁh We%

AR SH0%) TSI UB bSO 19Ny hadsuredtinidey ers with each layer
Seanmnyrifetectiormileeseapdiat mdn dghnificatianohgrestenthanabmsddsRdroduce

tggtﬁ small and large diameter fibers to make various webs. The smaller fiber diameters are
referred to as having a significant number of fibers having a diameter of less than one micron.
The larger diameter fibers include fibers from the melt blowing range (typically 3 to 5 microns) to
the spunbond (typically around 10 microns) or any range of fiber diameters above 1 micron. For
example, one layer can be produced with an average fiber diameter of less than one micron and
another layer with an average fiber diameter of around 5 microns. This type of structure could be
used where traditionally spunbond-meltblown-spunbond (SMS) webs are used. The webs with
various fiber diameters can be produced on the same line with the same equipment. This is an
inexpensive way as the same equipment and components can be used. The operating costs and
equipment costs are both controlled. Also, if desired, the same polymer can be used to produce

different fiber diameters.
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and up to about 10,000 times as needed for visual analysis. To determine

if a significant number of fibers have diameters less than one micron, at

least about 100 fibers and preferably more fibers must be measured. The
ts must occur at various regions throughout the layer

ggf%ﬁ?gﬁﬁ%?npling that is statistically;gignificant must occur, 1i§h¥eer /ftlgg(rmsmm‘u

diameter of the remaining larger fibers in the nanofiber layer, up to 75%,

may have fiber diameters in any range. Typically, the larger fiber

diameters will be just above one micron to about 10 microns. Preferably,

a significant number of fibers in a nanofiber layer will have a fiber diameter

to of le<8AHIT ELYUTOPEHBYRRiRTS A EP R P 5 ey TromicxpOYEEO T he web

naneoeters e about00snanbmetermheQthie prefenabborgngesmefdbgbnent of the

diameiala's LRl AheHl /0. BARABRIBIRA MO ARMANR Bicics inctude

about 900 nanometers. The preferred diameters depend upori the use o

HersfeBeifing dypise YRS PR PRI SHATRIEME RtATHISET BFhiIsefEmainnepre pads
andigmeterof lespdhapeaboult aardnicreticradparsigaifieantdmbendipersonal care
%Q&? IH&MH&% %a@%ﬁé?ff&’&zgr@%%&f‘@&hﬁ‘@«?é&?&% %e%agl]ljgeroq (;Eh%é%r %{ care articles
fibers may trap and immobilize the nanofibers. This may ﬁleqp to reduce

e eSO EIUPA STALP S FERSIRE ot e Ialiestn areRs préshentaeother substrates
tiancfib egpicdmobein hedyrripdtiflaly shaykair Cligbishlt hedayes:0for clothing and

napgfikersdn aweb.afing RIEREN veRtion may. cRmain Bals 5%%?0& es can be

polymer. Different polymers or polymer blends may be used for different .
SRR BRSE GE B RRFEI KRG FP LG b eht el enilisand pbgrigdustrial

aiffesent polymer compositions. It may be desirable to produce a single

layer ngpwayen with varying fiper diameters.Alternativaly, %C%&!% on-core or an

desired to produce a nonwoven web with multiple layers with each layer
REGHG Hiffernt B FataftieBr<sThes e RITisFifatio o ek kafpatio head to
rvoblifi dovt tegraducd dbothusmdltianchlarge ciarhetzpéibeksitodniake@madions fit. A

%%1 JQ%E%?&JA‘BBEQHWM@%M@ fersdie H@%m’g{)ﬁlgd with at least one

significant number of fibers having a diameter of less than one micron.

PRI IPg el iTar ARl P HSRHSTIEI R L RS AE PR SO W e Rggling or other
(egpicalby SuiatBenicropispioathéspurdndnde(tyflical yardarnd<l micrenshai layers

@%m%g@ﬁ%gg@ggq;{;g above | micron. For example, one layer can
be produced with an average fiber diameter of less than one micron and

anotheMay et Rith Un AEr SR HBRP RRIADE rafeindPs RRERSNE: THR containing
typeidestrmeture wilidellbe 30wusedlwyereltraditioaaliiyer may be disposed between an

SBLRRORESPOEHRIOVIrSPURRQRALRINS) WEhs aresedobbe WebR Witomponent of

various fiber diameters_ can be produced on the same line with the same

é‘&uﬁffhci%ﬂ%ig ST R ERERR Wi 48'the 8UTHRS BINPTHISRt By 28 acquiring,
tempotieptsistivbimgised. ThengperdtinyidostS bndbagbipment cosypieatty located
%%%Qﬁﬁgﬂﬁ%eﬁ%‘as fodssiredntbe same POVRRHEARRRLSERAIGHHQANESE outer

different fiber djameters.

cover. The outer layer, also known as the back sheet or outer covering, is located on the outside
of the disposable product. In the case of a diaper, the outer layer contacts the user’s garment or
clothing. The barrier layer may alternatively or also be disposed between the absorbent core and
an inner layer. The inner layer, also known as a top sheet, is located on the side closest to the
user’s skin. The inner layer may contact the user’s skin or may contact a separate top sheet with
contacts the user’s skin. The barrier layer may be absorbent. The barrier layer most preferably
has a balance between convective air flow and absorptive barrier property. The convective air
flow property is effective to reduce the relative humidity within the space between the absorbent
article and the wearer’s sl{in. The combination of liquid absorption and liquid barrier property

provides protection against the wet through problem and is especially beneficial when the
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WO 2005/103354 PCT/US2005/013342 12 The articles of the present
invention will contain the described nonwoven webs. The web may

comprise the entire articles, such as a wipe, or the web may comprise one
camnpenantef the article, such as a diaper. Hygiene articles gplﬁegrzanr’e& 3340
articles. The hygiene articles include idiapers, training pants, a

incontinence pads, catamenials products such as feminine care pads 5

and pantiliners, tampons, personal cleansing articles, personal care

articles, and personal care wipes including baby wipes, facial wipes, body
Wb|53 % andtf mlnln %es Pe{ional care articles include articles such as _
wound drédsings. %Sﬁ A& WIKFLSY BarehEs, Bnratdersnbetadenefits of
thabarécnloptiethty théobody, WArHH#ETRL the skin. Disposable underwear or

clothi nq&&%&f&t@ﬂt@%%ﬁﬁ@é%@%@é ﬁtﬁﬁ%@‘iﬂ%ﬁ%ﬁiﬁﬁ@%ﬁ%@d&?&d gradient

?ﬁll‘ed Ot %r us%s of ngles can he 10 clian room wipes o

decSiSninAtol RipB&ol GsB i ShSaPH tﬁéo%ﬁ%pﬂfs aﬁﬁ’%‘i‘ﬂ%ﬁ’r The delivered
indsismiakahses lin i diapers trswelomtyrbeeset. A bahididayetaucksa of the

%ﬁr@mmeﬁr@w&ﬁrﬁla@r QU IRECANEf b NRMERS: ANAISO HEMRELARRinine care
head to enable low leakage

%Q barrr uff with g hl?oW drosta&xé

fa ésla&e{ﬁ’l A RRT o fEH A BFEHRENEd ORI Fitida enhanced
ﬂetv}lpr@ar wichuigilisidgrraisofiperstidditivabywivereibitior nhsofiberdayends be made
Gam QH&@&’ Mﬁlﬁ’f{t&@ st sPunRand layet anchernsaligdated Hsin8certain layers of
tlrﬂeer{,ré ; 0i t bo gflergltayégro entangllng or other techniques suitable and
approprraf‘e/ he en 2 REre may be one or two spunbond layers
encom %g@#mgﬁhe Wabofilbierlsybe. used idiapeleowbtiven disgosaiids desired. Added
apsarhent NIt Hhe KARMAYENANSIGARIAININ0.AR RS %&bfg%qmﬂm be added

lfltl| zed as a barrler layer. he b rrler Ia er may be#it osed between an

G B SE S b uleF Iayer cagrertal iREA APt PHE LB B s may be
dordoidoniger dongib dihevston Prtesbmt cieftbras is eimelrily responsible for fluid

handlingiisopesties ﬁid@bziﬂso&%]ﬂ'ﬂf@ﬁh atf)@mﬂwgo gistiRuting,. a@ﬁters can be for

st8r| P0d¥of1|1lz{ dsr hme 33%%% core t}q)tlcallrylloc%ted bet a q
fiquid pervious Body-side Thner ayeer‘asﬁ "8 VAP AF pETHE BT S l}?ﬂm es. Industrial
RS eth datidequtemoty eolisracEhe atitenfagiber asrs@s lefi Giliersas/ttiepbatipersonal filter

3@%@&@1&&&&@&@&@&&5 LQ@&@Q}&BIJth‘HéH%LQQCQfm &ym§@@1|@dming nanofiber
he case of a d|a the outer er.cqntacts th users

Rroduct. 1n 1t L Xi % ’t?;
agr?rlﬁel?ﬁ%r C‘]‘O%ﬁ éOYH}] arrlerrl%?sg ?han ell'%aa 615 )e/rsor a SO Bbs can also be used

'argwée@a%féawém%f%s&wrﬁ%@m@t@ﬁgnﬁ@rmﬂwhb@r layer,

also known as a top sheet, is located on the side closest to the user's

skin. The inner layer may contaclrlél;éﬁ l]{/?befﬁ i?gt or may contact a

separate top sheet with 30 conta kin. The barrier layer may
B BBy The barrier layer most preferably has a balance between

convectiveaaibilawsilg, apsatptiue bayrisshpreperty. hRe:CARadiveditd volume of
air is drawn through the test specimen at a constant pressure and temperature. This test is
particularly suited to materials having relatively high permeability to gases, such as nonwovens,
apertured films and the like. A TexTest FX3300 instrument is used. (Available by Textest AG in
Switzerland (www.textest.ch), or from Advanced Testing Instruments in Spartanburg SC, USA.)
The Test Method conforms to ASTM D737. The test is operated in a laboratory environment at
about 22+2°C and about 50% relative humidity. The test pressure is 125 Pascal and the test area is
38 cm’. In this test, the {nstrument creates a constant differential pressure across the sample which
draws air through the sample. The rate of air flow through the sample is measured in ft'/ft*/min
(often called cfm or ft/min) or m/min. For each sample, three replicates should be run, and the

average result is reported.
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flow property is effective to reduce the relative humidity within the space
between the absorbent article and the wearer's skin. The combination of
liquid absorption and liquid barrier property provides protection against
he wetihseuagh problem and is especially beneficial when thep 1S2005/013342
2005/103354 PCT/US2005/013342 13 absorbent article is under impact

and/or sustained pressure. Further description and benefits of the barrier

layers may be found in WO 01/97731. The webs may be used in wipes to
enable improved lotion handling and reduced gradient of liquids. The

ebs may also ide controlled delivery of a substance. The delivered
Ydestatic Head (Hydraag SR SRS BRAPaY Ts8tlother materials. Due to

the higiTsupizperaréacofitive hartofikerss thecwehsofitay Iheidsee@sproperty (or liquid
ABOHREHITY'GH IRk C S QOANAS. Oble TN NR:ARE: MERIHELRRE pressure te

diaper trﬁlinlng ants, or adult incontinence. The webs may provi

i ‘%fh%évci al@&ﬁjﬁawaf“ﬂmaél%lam SERE O KRR tHe Threksst gy drostatic
dbzdrbentar L@é@ﬁﬁdﬁﬂ@é&mﬁaﬁewﬁﬂvaﬂeﬂéﬁquﬁﬂﬁC_Iukﬁiﬁﬁaﬁfsab&@fbe@atr@ﬁburg, SC, or
ntueatdibats foxineaasad-APSERANGSE Picarainayves afulQ tc'&%f‘é"g%lts’% EDANA

have different properties. The nanofiber webs may also be used in
g?r%%/ é@v@ﬁ rg\llr?ép&flgﬁﬁeﬁé%gq? FEbirRIE SR de dPBisy emdeEnshy g portion and
duzlvelth ersrersisfibetil dicater tesnatndes nifonpitytier pigplentShsaydasacsiadeted in a
tBhe: NSOk WES: Thoswels %@M%Qtf?b%%ﬁﬁgﬁu{%% The

inti ' longer length fibers or entangling of fibers in

IR T T e e 6 plec il oo et e
filteer styRilttr gresenbedofedkapastrialg pestsenal heraneme wiser anttacamithahe sample is
Wgesl f@tﬂg%fo@rselégwgﬁmeﬁ mlv%g@%ﬁﬁml,ngﬁ%%gﬁu%§?§ gﬂ;} l@g}grgﬁ glumped into
P G A LA o SRS e e AP Gl nresin
ofajge breortamimg serfofibelHayericinsindadur gigghgawntisewbdattbns on the other
dressingsiananprdicalhatier s WQMQQh%%@EQannUt?&quZQ r@&)ﬁgbs C1f water

and thermal insulators, for outdoor gear, clothing, and as conductingfbers.
PR PO BE A o EFRCa by e 5 BETFVAEIRG TEHERihiRdaByeading is
ifeddeing vectimetériaviicte spstammardevertsdendtho v airgs rdsainia tiotsgh

the test specimen at a constant pressure and temperature. This test is

@ﬁétis ea}rlP(,[%Iu'trjcl;ztlzlmtltlglameaterials having relativel)_/ high permeability to gases,
mﬁmwwmrgapertured films and the like. A TexTest FX3300
instrum@tsisvaisst cyabaitataRey Tesiwstt AGtiroSyatder amthods ASTM D 756, ISO
Grerwhdextestiahirar {romABRRGEETeling RS REAS N wmRagan big grams per
SC, US ﬂ Tgl:?thetho&ec%(%gggr sto ASTM D737. The test is

5qUAre me e)r (-Io— grbc et S 18 m‘? as the preferred unit. Required instruments are a
operated In-a laboratory environmerit a

scissors or a die-cutter for sample cutting and an accurate weighing device (scale). A sample is

cut to a total area of 100cm? per layer with an accuracy and precision of + 0.5%. A scale or
balance is needed with 0.001 g sensitivity, readable, calibrated and accurate to within 0.25% of
the applied load. The samples are conditioned at 23° Celsius (% 2°C) and at a relative humidity of
about 50% for 2 hours to reach equilibrium. Weigh the cut sample with 10 plies from the sample
area for a total of 1000cm? = 0.1 m? on an analytical balance to the nearest 0.001g and record the
weight. (For samples thicker than 1mm, weighing only 1 plie is preferred but should be noted if
done so.) Calculate the basis weight by dividing the weight by the sample area (al] layers tested)

to give the basis weight in gsm. All data are recorded for statistic analysis.

Fiber Diameter (and Denier)

Fiber diameters are determined by using a Scanning Electron Microscope (SEM) and

image analysis software. A magnification of 500 to 10,000 is chosen such that the fibers {or
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30 about 222C and about 50% relative humidity. The test pressure is 125

Pascal and the test area is 38 cm2. In this test, the instrument creates a

constant differential pressure across the sample which draws air through
: sJhe rate of air flow through the sample is measurgd, i )

?ﬁlmﬁ{%‘%ﬂen called cirri or ft/minysor m/min. For each sar‘rﬁgl’é&ﬁ%}gseﬂn““

replicates should be run, and the average result is reported. 35 WO

2005/103354 PCT/tJS2005/613342 14 Hydrostatic Head(Hydrohead)

Pressure or Repellency Test The property determined by this test is a

measure of the liquid barrier property (or liquid impermeability) of a

HSERTLT) SPed Té%hy,etﬂ%gﬁésf%é%ﬁ&@@ﬂﬁ@-hya%%%afﬁabﬁ@s%?@me for automatic

maietiad willisu dientwtienha Sovtfotiect eyekobiwaterpenatiatomoetwiScdiure can

Teslastblyarosteve 3 deas, LanSh X000 Meeie. oM AGNANGE ed aoross the

Testing Instruments, Corp., Spartanburg, SC, or extest In

Sty SPRIPPHARARY iR Rhssrdiishiog astyt 98 fad ﬁféi:ﬁbad%ﬁfd%g%- A scaled and
EDi_ANﬁéd kﬁ&&dﬁﬂlﬁrdtcbbl%ﬁeeﬁ.tl’éoggﬂﬁ@t&sgepm@sufﬁliﬁeaﬁmﬂeﬂ @@ or mm or
qﬁfd{b%geéﬁrﬂﬂjrﬁ,% t'%@v@r%i ﬁgéﬁdo%ﬂé{rh%ﬁgseﬁé‘?ﬁu‘g' %ﬁ%’%&? 288&5%} rs?ctr%gs the sample

through the sample. The test is conducted in a laboratory environment at

a%dmgzléf% efARiTRIE FEVEIb SO Fomti& FURFT Ry 21t deser daHptananner.
i&b&gﬂmdﬂb@ef _thaltdp(oémemhnmmefhmme,_nusimgrﬁmapaaqpéi @deorded for statistic
%ﬁﬁ%@?‘%%@}%ﬁ’é {95 H0%54vied 10 RreYeRL SIS }&?o%?igg SIS 10 be made.

1e area of water contact with the sgmple is_equal to the cross sectional

PP W coarrehmehaEguafkesEem208hme {90 affbe dhn 6o thesctional
\watets ool dinieat’al rate: afedsiyhRe PN ¢ Bhusn the wrmpledsosubiettes 66t@in decitex

tea il% '@ccrtez%%in AIE RressYR,.Qn one surface. When water
gené?t’rat%o?l gppga?sg}sn tﬁlr’egeloc’a@)%‘s on the other 15 surface of the
sample, the pressure at which the third penetration occurs is recorded. If
water immediately penetrates the saapieIES., the sample provided no
reSISta%@plgs £G0Q 5%(%%%%?@58&9&%@9@5Qf%c%g‘(% %gg%gaellga G;E%% with the described

specimens are tested an € average result Is reporte asls Welght or

ErPAfald 2 PR e fgHtresiFhal msEKiiy RUHERTE R S Mp Eitdtananofiber
methodsdASTdvbD To0er SAnbR6 ahehis DANA. BRTh6:3rQ0a1Bas wveighites were

is gefined A m&aﬂ@sﬁ,}gqttﬁgsﬁlw 0GRS, dla%qe%a%f&s fagig%fts(%ﬁ%?ﬁba diameters

called gsm rather than g/m2) as the preferred unit. Required instruments
dre 2V Lrs &¥rest Yidie-cutter for sample cutting and an accurate weighing

devigle (sca@mposiample j9LpH dandctoidibarea5ei0¢N2npREdaMeEwIth an
yracy and precision of - 0.5%. A scale or 25 balance is needed with
0.001 g sensitivity, readahle, calibrated and accurate to within 0.25% of

the applied 151 SMhe sampla@sres demiimuaee: dess (arngsty 9CY-anig & mioron;

a relative humidity of weights 5-20gsm per S-layer | basis weights 2 to 20gsm.
2 SN Diameters 12-20 micron, basis | Diameters of 0.5 to 0.9, basis
weights 10-15gsm weighs of 0.5 to 22gsm.
3 Spunbond- Diameters of 15-20 micron, | Diameters of 0.1 to 0.3 micron,
Electrospun basis Weights 10-15gsm basis weights of 2 and 3gsm. (2
composite samples)

(“Electrospun™)

Of every sample type, various samples were made at the different basis weights listed
(according to line speed), and then tested for fiber size, hydrostatic head and air permeability
according to the methods described. The hydrostatic head for the “electrospun sample” was

predicted by comprehensive computer modeling based on Laplace equation. Surface energy of
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about 50% for 2 hours to reach equilibrium. Weigh the cut sample with 10

plies from the sample area for a total of 21000cm2 = 0.1 nil on an

analytical balance to the nearest 0.001g and record the weight. (For

SRS dhicker than firm, weighing only | plie is preferred but Sth/U )

noted if 30 done so.) Calculate the b%ls weight by dividing the Wé Sﬁ‘f E{}””“
the sample area (all layers tested) to give the basis weight in gsm. All

data are recorded for statistic analysis. Fiber Diameter and Denier) Fiber
diameters are, determined by using a Scanning Electron Microscope

(SEM) and 35 image analysis software. A magnification of 500 to 10,000

P RN BB St CHAh4tothe HBETE FBrolEr BT 0935k PRt AFS 3065/02igaand caliper
lyditameuits) aren sisitablyveniaiged formeasyeeibenitnisageanalysis 0.3 microns.
SQ@@@E%J&&?B%%%EL%%% &nggi fé%’s ‘ﬂ!’%ﬁ%‘%% o‘smg §EM ré)% lajt';e lllgéhd result can

possible, but also a more manual procedure can e useé prlnC|p

ebRE P PRI Setistted s arTeTlsudmeR S iRe At ebibe ratraier 888 sRaparative
wighthi(pependitiigpda fibe EHitcstionatdab epas) ttoshetaanh eﬂkg@tpfsthl @omposite

f'%{l iﬁs%cx% 91‘89tﬁe%‘?‘ﬂ/f?é%%é@ﬁ%%%’?%’365%%0%%@ Ig &2 é[:pg S%e er qemg around

get the actua readlng in metér or mm or micrometers m), evera

f|ﬂ)%F§%’P‘hPéﬂ1§ﬁt§’Id?é’°éh‘%}§rﬁ‘%fﬁ%?ﬂ§/%él’é‘ét%dnéfé%ss"rﬂf?ea E}I%“@PW@HhB soveral
indinglS M baypicaliiitsefrdralsafivplesytiomidaehear efaid andibstegdn.

this manner. Altogether at least about 100 such measurements are made

and all data are recorded for statistic analysis. If the result is to be

recorded in denier, then the following calculation needs to be made. 10
Diametétign Ideniehart Grassagestieiahldbasis vaessitersS00RMitad 800 G/kg.As can be

Tia@ncEfzém?Qﬂpealnag?@ﬂﬁqacfgéw&%%{%@@r ?gwhfeoglg’ﬂzf %eqn g batio head

be taken as 910 kg/m3. To obtain decitex (dtex), instéad of Using 9
u?é“ifo“é’ﬁbﬁ?f%%‘i\% Y BS's Y61 mples have been prepared using
several hedtigdlogiessang vl uiztedaviphethe-deatitved fonetbadsindh@roduct of gas

mgalwﬁpmaga%ﬁ@mﬁmqlmh\/f;g%y'a@ﬁgw&ss{a&m% '8 method). The

nanofiber la ers and adjacent | ?[éjer diameter fibrous'layers.

U eFFIE PEHRRE o BB SHEL GIRREIYBAYY IEEY BRB6naRd (iimte size.  The
tfirepmalllpghs@bcmdmg processtBasiscarcightsciad fbkndiameterSbareéiameter range.

MR R85 /egeHAlR RAMP & UMRRRIG L3106 JIamRIRT RS 1AYS Siameter is
Nanofiber layers Type | | SMS, SM Diameters 12-20 micron; basis

Di%REt8Fs of 0.7 to 4 micron; weights 5-20gsm per S-layer basis weights
2 to 20gsmpsShiDignietensil? -2 dricrorhehasisBiamieteothef @dbhitold:8s, such as

bﬁﬁix%osites comprising fibrous webs from other melt fibrillation processes, such as for example
using islands-in-the-sea.

A preferable diameter for fibers in the nanofiber layers to attain an optimal high liquid-
barrier and gas-permeability product is between 0.1 and about 1 micrometer, and most preferably
between 0.3 and 0.7 microns. Alternatively, the respective pore size diameter can be used to
describe this range.

Without being bound by theory, it is believed that there is an optimal fiber size for barrier
and air permeability performance. For larger pore sizes, surface tension dominates the barrier
performance. For medium pore sizes, surface tension and drag forces both affect barrier
performance. For very small pore size (for nanofibers), drag forces dominate the barrier
performance. The barrier to liquid increases to a larger degree than the barrier to air with a
decrease in pore size as liquid drag increases at a faster rate than air drag. Therefore, an optimal
fiber diameter size can be found where air permeability is not significantly reduced but liquid

barrier performance is high. Drag forces, as used herein, refer to frictional drag forces.



weights 10-15gsm weighs of 0.5 to 22gsm. 3 Spunbond- Diameters of
15-20 micron, Diameters of 0.1 to 03 micron, Electrospun basis weights
10-1 Sgsm basis weights of 2 and 3gsm. (2 composite samples) 20 Of

SMpls type, various samples were made at the different basis
?\%{?g@gté Iistel% (according to line speed), and then tested for fif&r' §i78705/013342
hydrostatic head and air permeability according to the methods
described. The hydrostatic head for the "electrospun sample" was
predicted by comprehensive computer modeling based on Laplace
equation. Surface energy of WO 2005/103354 PCT/US2005/013342 16
polyprop%ﬁb‘?%%y%’é’ﬂglmﬁérf Hrepthatasristict dlietiad fibdesire; the citation of
basjsdweight; andtcalipesonieiel acay et omielectrosRMEAWINBMitho e present
aygrage fiber diameters From 0.1 to 0.3 microns. To give the
effectiveness of the nanofiber layers in the composites, the hydrostatic
head resUlt€ahbertiigaBoBigs bekihovergsrmbf ittventianofitysr keger jllustrated and
Givinghetieinfthadsamplesoas & campalative & examplenfor-samrledmedanges and
t ! ' known, to those skilled in.the art, is a compasjte, with. .
o B WS B e R T getton. 13
diaFFesT BaRtrhre Y s iciensadsd ehing Abhyeeid rimersobsimgdifioutivds that are
2witidrofe Idagcaldanie ichatishows the several samples and basis weights
of the nanofiber layer and diameters of the nanofiber layers. 10 Fig. 1 is a
chart graphing hydrohead/basis weight versus fiber diameter size. As can
be seen, the finer the diameter of the fibers in the nanofiber layers, the
higher the hydrostatic head result, when normalized by basis weight. In
Fig. 2, the samples of the examples are evaluated for a combined product
of gas 15 permeability (air permeability method) and liquid barrier (using
hydrostatic head method). The chart graphs hydrobead x air
permedability/basis weight versus fiber diameter size. The important
observation is that an optimum can be reached within a certain fiber
diameter range. The method of creating fibers of that diameter may not
be critical, but the final diameter is important. 20 Samples that exhibit
similar trends can be prepared using other teehnologics, such as
composites comprising fibrous webs from other melt fibrillation processes,
such as for example using islands-in-the-sea. A preferable diameter for
fibers in the nanofiber layers to attain an optimal high liquid-



barrier and gas-permeability product is between 0.1 and about 1
micrometer, and most preferably 25 between 0.3 and 0.7 microns.
Alternatively, the respective pore size diameter can be used to describe
this range. Without being bound by theory, it is believed that there is an
optimal fiber size for harrier and air pefgeability performance. For larger
ﬁ‘{ re sizes, surface tension dominates the barrier performance. For

BB HP@%ffes surface tension and drag forces both affect barrier 30
performance. For very small pore size (for nanofibers), drag forces
fomln e the barrier performance. The barrier to liquid increases to a
rger QeGPUR HTER MHEPEGIFEN 1 At CRecPAED TGRS o st S0%
ﬁi{ﬁgfh@fseases atdeafaster raigithanai Joagodhersiontan, aPBme) WBRht of less
%Ia E%e can b found where air gerrgf b|| IS not s nlflcantl

et uce b ﬁaﬂdarha?rfg?wgﬁﬁé% 155 éa 2ly ?BP&E ﬁlﬁ%ﬁ wherein the
hmmmvmfeveﬁﬁ) fiiicticndlydiad dadcasd WD @%@@ﬁa§4wl1erem a product of the

TIUS 13342 17 ldo d.are, in relevant part,

E(éé?g{%?étec? heréin By Teré eré]hté/e&{%ﬂg E@a}’tl ALY HBRLI S R RgRbout 500
hbéxénstiurgeasmotagrigsian that it is prior art with respect to the present
invention. While particular embodiments of the present invention have
been illustrated and 5 described, it would be obvious to those skilled in
The artTiratvasiousnotlebrah@hgeasl ambrainmdiﬁqatixdnstaﬁm’ﬂaeh@ftadﬁead and the air
witha artin e spirit and pe of the invention. | refore
ntent?lg 3 T ((:{cl)'\\lllc(e%i f{n e%pé’glﬁlée\g l%ums Sl?C a3 Elees aﬁ§o ar*meter per
miodifiggti@ssithat are within the scope of this invention. LLOWD WISE
18 What is claimed is: 1. A nonwoven web comprising at least one
nanofiber layer having at least 50% nanofibers with a diameter ranging
From 3000 wanemetdrsf 4 basid whighinohiessnifdralbyet 26 gdnsiandight of
Bdneapase %@ﬁn{%}tg[ﬁ?&i%s ﬁl?an about 15 microns, wherein the
nonwoven web has a ro ead and air permeability wherein a product of
the hydrohead and the air permeability divided by the basis weight is

reate t | : .
omon e R R A gt o
pmydieonb Ay @ivlerad by gsmbasis weight is greater than about 750
mbar*meter per minute per gsm.

LLOYD WISE

5. A nonwoven web comprising at least one nanofiber layer having at least 50%
nanofibers with a diameter ranging from 300 to 900 nanometers, a basis weight of less
than about 25 gsm, and a mean pore diameter of less than about 15 microns, wherein the
nonwoven web has a hydrohead to nanofiber layer basis weight ratio of greater than
about 10 mbar/gsm and an air permeability of greater than about 15 meters per minute
wherein a product of hydrohead and air permeability divided by basis weight is greater

than 500 mbar*meter per minute per gsm.

6. The nonwoven web of Claim 5 wherein the nonwoven web has a hydrohead to
nanofiber layer basis weight ratio of at least 20 mbar/gsm and an air permeability of at

least 75 meters per minute.



3. The nonwoven web of Claim 1 wherein the nanofiber layer has a basis

weight of from about 0.5 gsm to about 3 gsm. 4. The nonwoven web of

Claim 1 wherein the nanofiber layer has a basis weight of from about-80YD WISE
gsm to about 15 gsm. 5. A nonwoven web comprising at least one

nanofiber layer having at least 50% napwfibers with a diameter ranging

from 300 to 900 nanometers, a basis weight of less than about 25 gsm,

and a mean pore diameter of less than about 15 microns, wherein the

nonwoves wkvBasnaerdse neachto wanelibald aveiskasisnveight 8 en web is
reater than_about 10 mbar/gsm and an air permeability of greater than

BBLAE et ¥ hist 4RIt &irein a product of hydrohead and air
permeability divided by basis weight is greater than 500 mbar*meter per
inute_per gsm. 6. The nonwoyen web of Claim 5 wherein the nonwoven .
ggeb h Hohedd Y& nﬁ\go B SV AEIR RS gRIGHIS OF abydsiesd and air
pehasidsivandairair TR meatsilitytef g Ieasitd 5> meters per minute.
LLOYD VVISE 19 7. The nonwoven web of Claim 5 wherein the basis
weight of the nonwoven web is from about 0.5 gsm to about 15 gsm. 8.
The notwvanehe\wempifi Ggja o nvhereintéie qirothiat of hydrohead and air
permeability is at least 750 mbar*meter per minute. 9. An article
comprising a nonwoven web of Claim 1. 10. The article of Claim 9 wherein
the flr_tfﬁle i@decté@iahmﬁhﬁgrﬁm;lihmm%istmgg of ebagpke fﬁ;rtral'miryﬁquprt@nsisting
t incontinence pads, catamenials products, tampons, person
e P B S P B e Bt afornpons.
weipesal bbiysinges tanesfemining wipesitahd, corpeaationiscitiereifes ¥acial wipes,
article of Claim .10, wherein the catamenial products are feminine
%-ar Vﬁ%lpc?s? acglrd gﬁn fﬁﬁ%erglfis."ﬁﬁé%or |§1en% SFH&%TB# wherein the personal
care wipes are baby wipes. 13. The article of any one of Claims 10 to 12
tiherelphe NoMEReR S MORIH Hhe BYE ilal BEAIIES RN 2are pads
wherein the barrier layer is dlsposeg etween an - absorbent core and an
oupentidperscontacting a garment or is disposed between an absorbent
core and an inner layer contacting a user's skin.

12. The article of Claim 10, wherein the personal care wipes are baby wipes.

13. The article of any one of Claims 10 to 12 wherein the nonwoven web is a barrier
layer.

14.  The article of Claim 13 wherein the barrier layer is disposed between an

absorbent core and an outer layer contacting a garment or is disposed between an

absorbent core and an inner layer contacting a user’s skin.

15.  The article of Claim 13 wherein the nonwoven web is surface coated to improve
barrier performance.
16.  An article comprising a nonwoven web of Claim 5 wherein the article is selected

from the group consisting of diapers, training pants, adult incontinence pads,

catamenials products, tampons, personal cleansing articles, personal care articles, and



15. The article of Claim 13 wherein the nonwoven web is surface coated

to improve barrier performance. 16. An article comprising a nonwovehoyYp visg

web of Claim 5 wherein the article is selected from the group consisting of

diapers, training pants, adult incontinence pads, catamenials products,

tampons, personal cleansing articles, pggsonal care articles, and LLOYD

WISE 20 personal care W|pes such as baby wipes, facial wipes, body

DifseBadTetiRfe Wb a8 bdn W bifstnEiRsardory Vinseasiferrne wipes,

Hlaissri Binahsisimahe £atamenial products are feminine care pads or

pantiliners. 18. The article of Claim 16, wherein the personal care wipes

are baby wipes. 19. The article of any one of Claims 16 to 18 wherein the

MpNwoves ¥vablésod baiien dayeerel. thbeasticlaial fraimedQwTergifitb@are pads

barrier. Iayer Is disposed between an absorbent core and an outer layer

¢ohts "% garment or is disposed between an absorbent core and an

inner layer contacting a user's skin. 21. A nonwoven web comprising at

L ast on. nanolfO (}é@g I;% ‘ﬁﬁ abo 50% napofibers with a diameter
nglng 8f81?§ { BEETSRefdht SFRSHA Attt WiRes:

gsm to about 15 gsm, and a mean pore diameter of less than 15 microns,

Y\g"uereuiL the e nonwaven Web %%og &d the nan nofiber layer b SIS b

weight rafi (o) o’l‘c gr%a & { rzlalenoabou arfysmean a p%?ﬁ%o ﬂﬁ/”%l L arrier

laseduct of hydrohead and air permeability divided by basis weight of

greater than 500 mbar*meter per minute per gsm.

20.  The article of Claim 19 wherein the barrier layer is disposed between an

absorbent core and an outer layer contacting a garment or is disposed between an

absorbent core and an inner layer contacting a user’s skin.

21. A nonwoven web comprising at least one nanofiber layer having about 50%
nanofibers with a diameter ranging from 300 to 900 nanometers, a basis weight of from
about 0.1 gsm to about 15 gsm, and a mean pore diameter of less than 15 microns,
wherein the nonwoven web has a hydrohead to the nanofiber layer basis weight ratio of
greater than about 10 mbar/gsm, an air permeability and a product of hydrohead and air
permeability divided by basis weight of greater than 500 mbar*meter per minute per

gsm.



