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ARTI CLES CONTAI NI NG NANCFI BERS FOR USE AS BARRI ERS
CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
wappisitozdsion clains the benefit of U S. Provi sPOmAiS2005/013342
Application No. 60/563,346, filed April 19, 2004.
FI ELD OF THE | NVENTI ON The present invention rel ates
to articles made from nanofi bers and the barrier
performance of the articles. BACKGROUND OF THE
I NVENTI ON The need for articles produced from nonwoven
cont ai ARTICEEHCONTAININGG NANOFIBERS FOR USEH £5.BARRIERS
di aneters of nanofi bers are generally understood to be
| ess than about 1000 nanoneter or one mcron. The
nanofi bers webs are desired due to their high surface
RARIRRLGE B S e b et S e
fi ne ThidpScatisadlaibe tmrb@ﬁaﬂe etlu lSYPIﬂVl‘shaﬁztl elpyli@tionT®b hepess 3,346, filed
an$ fr n1a variety of materials. Although severa
hod %ave been used, there are drawbacks to each of
t he nmet hods and produ0|ng cost effective nanofibers
has been difficult. Methods of produci ng nanofibers
i nclude a cl ass of netgigsordescmRdrION nel t
fibrillation., Non limting exanples of nelt
fi brilbeaPiceat iRt plaes 3& eatmslﬁ% dewierg, n%@f bers jqyd the barrier

pBM6Slah b f tngio! t filmfibrillation. Methods of
produci ng nanofi bers, not fromnelts, are film
fibrillation, electro spi nni ng, and solution Spi nni ng.

Other methods of pregtmctenb@RofitbAreENTIONUde Spi nni ng
a Ia%agr di anet er bi - conponent fiber in an

i sla Jiep fop artigley produendefitne gopyeyen §pntgnigg manofibers has continued to

ieRakd, gﬂ{ea&hﬁ&eﬁ@k@r&néﬁlﬁrs‘c hr@eg’enééllyl Dedrdiddat 8€Be less than about 1000
processed so that nanofibers result. Melt fibrillation

IRROTBEte O SRR MicEetas § he paneiReih iyebs B desigd Anqiadhein high gyrface area, low
pBREsi R aﬁ'ﬂ%tﬁerpéﬂlcu%&%s%c@r L RInb 8RR o @¥hiBRIS Lallddt QicFRBYrs or very

ossi ble configurations (e.g. co-extrusion,
e befenwo lps Pordugiddyripvatistyt offrpathpgds apd from ArveHe pf ggtgrials. Although

%\f@ﬁp rrfe'tﬂ%ﬁé LAV@tb@QI R fthek?cegﬂe %I?a%bh&ts ® Edch 3FBRUSthEhid producing cost

OW nhg Is a comon used nethod of producing fibers.
effpive amofibgre hasieemdiffspk, range from2 to 8 micron. Melt

bl owl\@&h&f@nopﬁroﬂﬁﬁgg tngn o a[lgl'clla@é S, Wald o MRRE des%rlﬁ)ed by melt

di aneters but "wt cons e changes needed
fibridetizns No@dimiting sxamplesl eSinglh Berillagion ng Oémldcluqiee@elhbléwmg, melt fiber

e £ i
SRy FET L L S 6 sl s, v i
filatlgivn, Negro-HimbR, GOB selnidbnsSspinnings 3 Othisy nkylwde N’f eatrodalcmg ‘nanofibers
mc?u%%%pﬁgﬁlgg(iiasfgé‘xlt alﬁe%e? 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.

Melt 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 a 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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rel atively high pressures, tenperatures, and

velocities to achieve the small fiber diameter. Melt
woibesrioksssting is a derivative of mneral fibecTnskiosgi3s42

process that has been applizd to polyner fiber making.

Exanpl es of mneral nelt fiber bursting process

i nclude US Patent No. 4,001,357 by Walz et al. and US

Pat ent Nos. 4,337,074 and 4, 533,376 by Muschel knaut z

et al. The key to this process is the use of sonic and

S upenseRHber Birdting aSderivalve 6f hineil fiker Bdakisb piddess iRt has been applied to

ilanment into a nultl icit e fibers. Typical
Dl eH i SHBE: SXPRHGHOF P ek PRATAPERET B G Petent No.
49013 ST BNWakEXA [P 268 USfPaIéHnDN6§ SIE337)074 BndJMBﬂ3Mg)yﬂﬂh$chﬂknautz et al.
nelt into fine fibers include US Pate N% ? g
TB? km@stélﬁ pEqeess) 1s is theEifF 86 SOpic ggt%lﬁers%csalr g_g $o¥s egﬁlfs Q urst the melt
ﬁﬁ%nﬂn%%m@lﬁ?ho@y Amde BEYES chaPﬁb@mﬁanAWé 1a6@d fr@h Icks 328 1 micron
by Gerking; and WD 04/ 020722 Sodenmann e
tom»@g@ STl dkalp IS pTAREOqeasFRIVith Blﬁffwoiyaﬂeg PER i pm ﬁ%ers include US

PREH N/oek 965 16105y NRsSMEE, @myeﬁfpa%ﬁpﬁae Qniog 30 EBYend w@mw Bl and
pol ymer melt i's expose qﬁs vel oci ti

BRIt Ao | 759 10043 PP oy 02972 by Sodemann t ol

TRERGEIRRAS viife CAAf hOReh B)ed 8 1Rf gad8Slokidss fr é@ﬁﬁsaﬁld/or SUpErsonic
condi tions and die and nozzle geonetries to prod

rageei rHeY pbemer SHoYs CXRgThto SpeEY BN elogiive it HEstyRtn Huiplicity of
ﬁHﬁPt‘é?gj TR ﬂi’(‘ié@gs@g@re t:er%{u%d b&‘ug@ét{deiﬂeh Prdc8ss RERIHHE dnd diBAd nozzle
e nelt and then a fluid is used to form nanofi bers
BEAAMIS HEPIREYE dﬁﬂlﬂeﬁﬁbq\wesexarrpl es of this method
i ncl ?ﬂegt %leﬂ’cm Btich 1§J'a1§)thé:) %e%ﬁ t dud® f?b@éz 0Bkl film is produced from
5,18 7 536, 361; and Reneker's U.S. Patent
tiogelt 81038 5ﬂeld i6 usA00 4B BaREliETHLEN dyomely Sl g AEg cxgnples of this
n{eth%ﬁ k‘lg:lh}/dg rT%HbY QfJ SNPE'EQIR I\f]cF S| 43 §r15f 80‘8r 5 Il §33a(§7‘00 Bnd @53'%915@1 h%g{d Reneker’s

produci'ng nanof i bers al t hough not design
U BrPatehtdNqsr @a&%i%ow%mé @hy FrEP 3.0 2nesaighadtie the Undvepdy ¢§ dlron.
in n%ﬂ}l}ma/bggﬁfgﬁg§ ancthe meﬁggggéﬁo%{géngg}aﬁén{%eégﬁh hRBf &Figned for the
prqutpetronforﬁ golﬁfineulcunaenﬁlvegsywtbe ugedgu prveyenivels. fH-ghiajent No. 6,110,588 by
or| e
5] R A o TR RS9y o
oablﬂecf high]ysr)ataé1na,sre¢1t;|pro¢qs$edmogd1ﬁsd p(éyrgerﬁihapcpfom}agnqﬁihgrs The films
as_reinfor

L T FAPLPY SRl 553408 wPELIRES a6l o ptmer
cmsbmkmqmmnﬂh%suﬁawcnmnﬁed of produci ng nanofibers. In

1 S LA S5 AL AR ROLYERL, i e,
popem ingliskolvel ineckleeht dodwiaqedrit & dmrrﬂver fehled gitone endewifh a small opening

Ita n e

AP0 b i AR B g e
pb]?ﬁ'leﬂhlﬁlﬂmﬁ ramc(ijI I}lgellepfoe dene thieampen ended thif cliaimbss. rili’hecpecsisctmeates of this
p\éqeitg ta?et A aﬂ)xvn%{ b re%’s ar %ﬁ)t%gl Ca | é/edpnrl %%#ﬁ %g%nrtlg GSS glﬁlﬁcgher spinning
tetRMqhd ﬁ)ﬁpﬁdﬁcﬁ:hg&ﬂhcbﬂbleﬂ I’ﬂs oiutibh aBﬂBSB pplmnnmhmlhutdtzes a solvent.

ti | t
nanofgere S o R sraeSin SRR ARCsodtngln? SHE S siop i to win o

larger diameter multicomponent fiber in an islands- m-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. 5,290,626 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.



| arger diameter nulticonponent fiber in an
i sl ands-in-the-sea, segnented pie, or other
woandsiigsasat i on. The | arger dianeter multi compoREMUS2005/013342
fiber is then split or the 3ea is dissolved so that
nanofi bers result in the second step. For exanple,
U.S. Patent Nos. 5,290,626 by Nishio et al., assigned
to Chisso, and 5,935,883, by Pike et al., assigned to
Ki mberly-C ark, describe the islands-in-the-sea and
segnmedqy e?ro@h(% r@stpbﬂigl% RRECbMBhig TR&IBeP! AEES 51@3 commercially
i nvol ve two sequential_ steps, making the fibers and
adpjapiaghoryy thaneost P%@P garpdibee Rk @P@ﬂg@a HrEPgIept grogess, process aids,
aﬁ@ﬂélﬁhﬁj ddGks &N Qlfl bD8bmirollBRt TR OB L bigbdt Yof the invention to produce
vant?%eous the cost of the nanofibers nust be
neroiibere WhisH arcpeiiitpipsiat , process, process aids, and
pol 'y ﬁrﬁg algcpéésﬁec?t% Bordd prodRtsCOfthin Rk nSbfibdid %r%f\@fl&y of tise$ Snd benefits.
an object of the invention to produce nanofibers which
Th wseh ogludpexeewions such pssa Gipres vejpas preRPserBent Blaferipl eragRgrogher uses.

cont ai ni ng nanof i betsmiak vy aikeNVERTIOS €S and
benefits. The uses 1 nclude executions such as

di ap&he pissepeinventign igshisetpbietartiples @9mgpsmgd%9fé)ebfvp@rthat are suitable as
béi'r‘?xg . ec%@(@ﬁx S intHd ET LDYENTIL M o] N REBSE §iatioR VAR tde@Bxtile articles.

to articles conprising nanofiber webs that
I\h)nbmgmg adpipdesad hingienei agtioles indfsle diapére| teainiggpanisnduiidesontinence pads,

c&Xr%%n%ﬁ? I‘pfoﬁﬁgé g@éh’ atsI i@ﬁtﬁo of éa?e! a,dg ahll 1 Qﬁtilfﬁ@m ﬁ?lgons personal cleansing
e articles nl i'm b exan'p es of “hygi ene

aamtes,qieezsnal e @cte:lea,l ag @ersona Ffaﬁ Wﬂmg inshuding babyjwipes, facial wipes, body

w1pe s el?lh QGRS Wﬁ)}?egsln St QﬂrﬁﬂhQ{Lé abh QQ-H&I fhe S RbESvebs can be used as a

nrne care ‘pads an antiliners, npons, personal
wipes aseibegt razrttma¢,l a4 othplemssm nBdrtiovdarly, the pﬂ@lﬁééf welprpgn be used as a liquid

r%rérs %naa%la %80 se ar\M)LRgrzs,O\}ep cfslfgljc%!fp Or lpa?l%f 1 ep CR maggfs'o%le used as a wipe for
op s, and m Nl ne W pes. dition
rédnemg g gaesheat dnfdrqmdecontrblheg drdwgmotﬁmatemlb@né aifietysesise d
as a ulngp?t%erso E’V%E‘ ! a s anbeEer ‘%lf IESQQHanOE%ErOHS&‘E comprlse a significant

Part i er web can be used
nluinﬁletl o thaﬁbrersepreferabw geagahang® Yaef figtseincme éa’yer 1>fetg€ welf ¢ontained by

t]?e B&{’;j gh trﬁtgca‘gb Pﬁo%¥ h%k% 1%1%&5%%? | ng }ff(% élrrg:/latlvely low

bafis Waglarolfajesweband ot her uses. The nanof | bers, haV| ng a

g: Sg‘?—*e[r%%{o qres | ?961 trnqg? lb%]h mel%sr oghr ls?gzalﬂlrs% Pt hkbsrﬁad% from gc;mmonly used
polyatersh 0o f asf igoBipsapylene omé hoalyahylafe takee mb @@Hﬂnamgetb produce.

]ﬁ%}r%%irp?%ﬁ%cg%ga&gﬁevgya Ol{jrécgg}rafslofcbaepsf%g ng% su tlaln%, %} e{fo y\yolleﬁns such as

paBpicpyIeRd @rhiol;@fhytehe Patpstyrtier @h b mea in giettfaspiming o is berbrittle and

ht S made fr

\%ﬁ?@)’ﬁ@ﬁ%tﬁ SA&!gﬁmaé yp 81V\§ Blwl%ﬁ élo A Qtng& 913?105] k g%%?eed production

oY €dr¥n-Ghaprbesgh @it etharigdisder wise Otlfef)mpﬂhndsl in glaksnmoﬁbers have been

connon nof i ut. not. sui.d ab e

uﬁqﬂ %@g:fr}o% §or§{j>gack( g&ougb %gd%v gaﬁ%s Flglbt wlelésn ez& uniform web is

deated Sk Vb @?e&fil’hotbeoruﬁ)ﬁdmifmr&ﬂy&ﬁdyr asfé am mn@cdsptabla wartiggo Therefore,

brittle
there is a great desue 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



will form beads. Additionally, electrospinning is not
a suitable nethod for high speed production or for
wonedsinssspr ocessi ng with other |ayers for webspcOuses/ 013342

met hods to make nanofi bers have been used but are not
control |l ed enough to make | ow basis wei ght uniform

webs. A uniformweb is desired as any type of hole or
non-uni formty nmay create an unacceptabl e barrier.
Therefore, there is a great desire to produce a

f/ s Mt IrrﬁWaR@%b Yesivell ﬂﬁf thW@ﬁ’ pER¥EIsiiiy of %ealoﬁbvg%nfwab&ﬁtgreater than
er of nanofi bers. preferred to lﬁuce
?ra

SO VBT aB A 1??@ oput{ i BT BYPbTa g AT pan bout 30

n§n@khd ﬁl@ﬁtpréiféiﬂmﬁ 'greaféf ﬁfaﬁf ﬁb"tﬂ{ ¥5 gfial Ghe pRatict? e Htirohead and air
fibers havi ng_ di anet er &%s than one mcron

PaITSaLIBY @r@fc@@wéﬁaﬁtaﬁ@m Sh DBV SRRl FURMES: ?%@HF%WBQ&“W than
ab&ut 80P hbA8MeteAYE miBHE] SvelBodprefertblyOgredterdh@adtRat 20D Mbar*meter
about 10 nbar/gsm refe abl reater than about 15
pﬂabla}npﬁzs ad W@re&r@qlg g%qeg, th@p ég(g)emba(rﬁgﬁerwé ginwg The product of the
hg@@ﬁéag SHy af? %eﬁ?{e%ﬂlhﬂpﬁl%d&f 5 lealaliy v@fgﬁﬁfs&ffplééll@rgr@llﬂﬁ Yhan about 500
nbar/gsm ‘It may al so be desired that the air

ey ek BT mipust per igemns AR reis the "é’PlétaF@ PR RIS RGT fninute per
ggmrgnﬁ"rﬁ?)st REELER RN Haf %o%f 1000 %aﬁ‘%t& pérg?mﬂﬁtgb&a gsiDr e
preferably greater than about 30

pr ef dbabpyichpiopertr cap bameaps bwbydﬁ?SFﬁtlﬁ hea#h éorbl?leﬂhﬁ g¢llegfhydrohead
n{léﬁﬁnéﬂ(éﬁ%o ﬁ%@%g@r@ﬁea@ Ichn BREEBRE i 10Ymtas adf 1.%1@2[1@@(%1 gout 15 to about

east about 7 nmbar*nmeter per _mnute, nore preferably
159 sderer Thelpraghher dROGET plbvas snEtast nyseber o ffigrsein thsaarofiber layer of

tl'i‘g)\;/&) %erfeq B cglre %1%5 ahd) ﬁﬁfe‘?‘a{% Fro@ggglt'maﬁnd?@{s% 1R&ikron, more

m nut e, nDst erab greater t han

pmf@ml#lyr@p@rabp@ro ?mnmnr@ to q’tm;t QY ouuens dihe ppsis wg;glptéﬁ ghggranofiber layer
L hiS15 fekaBly less than 10

H0f A BUTRA b, 350n B D7 DAL By v

gemror gm phlefranefifiey layerantyehave hdasiabeight MShe rbag efferaebout 0.5 to

St PhHEE
0GRS BTy LA o S v
bprrmpfsrdef}nezdaa;s apmrmve 4s Ligwads, bg)ldhwdﬂ/@s matires el Tospasificyexecution,
ed hydro
tlge?%aé?eé? ca%ﬁﬁb n&g%%{%fgf&g%g@?ﬂ;&? Et:eé-‘g er‘ 11?¥ % tp‘&ﬁ‘i@ulE’x’*z"l.lses by further
mmmmmg HEOsunfacer of tHehBbea vad/argeetf Witker cqhtlagré@smne@fo provide such a barrier.
ni nt nunber qf fi.he

Ptsoﬁgx \7\%’[[[) BT esE® agn&osﬁ%aé%%gt?‘%ﬁ tg]aﬁlg)% eq;aer a%)glrforﬁlfance against

16w enrfaadeudiorDfhdidsni crons to 1 micron, nore preferably

o3RS e B AR R R b T S0 ORGP e

dﬁﬁng 858 Onnmwniple fsrthmﬂaiyenyt ofJotionts n abwipe. THe gapn can be designed to

Plg% abl l¥cH élilfsbsaggeg %gcipelglegélr%l?ﬁ th% ?%(2% I}agaﬁbg&gpmé &S enable timed as

v@eklloashe@mﬁaltdehadmutﬂﬁ dpéimerp roffcem:m atistanced. 15 at mpakx@utammg multiple

By SRERS O ROl Sy P AT o o con v

(ﬁdﬁﬁUqu afd¥sired. eThe doatralell .delary @patsb be of kghe eudifferant regiens of the web
r can be de ed f in surface tension
opf R ar Ebe Bea N, ort her

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.



nodi fying the surface of the fiber and/or web with a

coati ng designed to provide such a barrier. For
weoexeFess4t he nonwoven web can be surface coat edTiUS2005/013342

i mprove barrier performancesagai nst | ow surface

tension fluids. The webs of the present invention may

al so provide controlled delivery of a substance during

use. One exanple is the delivery of lotions in a w pe.

The wi pe can be designed to selectively control the

bar I iPefe didntyRe Ichr mdetdnmma@hy tbtodsd@owh tantapefskibed m thdfnt. SThe mean

s e dellver

DRIV OhPe BEPRL b eraRERe R R PRl Sehiba Atfgpreterably less
tﬁﬁulabm 1 @ nBeibist anicasst plafembslessblsanabbmte\mﬁrongorheedealmm oeefficient of

ot o R L 05uER0  fhAELPOLE o o

phdf@hdly asoud il 6% & et ﬂ“ﬁ@ (20K Sf prntghﬁn\bebne@aiﬂedaE}I Gtinting the number of

IR S TR MR WG L CHA NI i—

bEP6BHRN S SheQunibBr &fQHoles hyvified Eiiaﬁlstet ﬁKblvMQeerkam/\thﬁe@Ecﬂd lirCa @Bdsured area
of variation of pore dianeter, %ﬁls mel ai

obdrniebi ¥y fc;anm%ﬁqalfﬁfondw&qswe WrfD PRI Aot sombgpeed. For

ekaghe, ale fdid3Qha Mﬁt@d QTthdyOPé NGibledtd t 1Sakbd &/enBing@, light box, or are
ot her such defects. Uniformty may al so be eval uated

mgye b G\ EiEoREBEIBReSt her 1§ qui d barrier neasurement

of t h@rnwelba debirddl 18 R& DREY bREveA MyBrsJEREhalofiVerilayet ﬁlaﬁ BScombined
a nore uni form web. Pore di aneter _can be determ ned

witht 605V ROWRPTE $YETo S SBYIPPIdRAIPHDSr FRnGed Weth i ?f@a‘ﬁ‘al}éple Basis

V\p:%'h?s i} armbEr cdﬁ{poﬁltéewaﬁriﬁlfg'ekiﬁﬁn hiMES ohid o hsduenadbyd are commonly
| ess than about 15 microns, nore pregérably | ess than

feopoabeutll@ torpkoubisesmand nost preferably | ess than about

5 m %e&@sof HAg sdgl%ﬁﬁ&g uBRR! { betieNtve®fcoMpiidiad R Hi®in ﬁbers The
uni form web can | ess than 20% preferably |ess tha

axtyeastdiapsger of mglt hisra fhewfivpamid? RIfgEerorod Hrdapdrelt bipign webs will
hLl?ecé(hychgol{eQ(pfo%s& %lgﬁﬁraﬂ&a@éﬁ&g 30Y SGRHRLAR gTB@@asﬁl—Wgﬂgﬂf of the melt

ropes or bundles of fibers in a neasured_area
bdven weblis cqfh@omlaéq@mcﬁoowcﬂ tegbei A0 4580 AP eRAALIINEY twaﬂy from about

001%%6% E%F%q{ntﬂécmé}%@&m%lﬁﬁhga di aneter above a

certain t measured area of the web. A
scanriiba g1ae¢fé9@t tayer eencheopredised by apy Hegthedntegtgigniing uniform layer of

I RHbErsC aﬁeﬁ?aﬁ)gﬁ &tk ngﬁ'ﬁbi@% %qpipﬁydugeaefrm | € fheMBYbriMBtion process, more

counted are vis o the naked e e using a
plrafgrhwly tfmm ngplt ﬁhre fityHagion hrapeess0 0 Thi anedin 5l ibeiflefipgt rpcess generally

nllctlu pﬁd(?f?r&ﬁ(ﬂnég 851951 rﬁmﬁg ghf?{m%s? V& ﬂdl@yt?e%& to T§¥81 a hollow

nan 0 e Co one, or nore
pbbzyrens ﬁlrﬁ\tlspumdorsd}grt@ﬂ ofid/treqthes ﬁlylrﬂa-‘émlm%\@bforr@ & mayWiple nanofibers from

tl?xﬁ‘rﬁ%w tube déngéﬂ tha %@ de}%eh Q%gémcé’ﬁmﬁd Fuﬁe Yi@ﬁﬁn at an orifice
range fron1a a and are conmmonl
vfhemby abpasttivd Q)retssuraiﬁkuuit 1551@0\@15 throughnthe genteroefatpe film subjecting it to a

E’et quilgg :Elrfc’chlla{}erllc!hﬁn%geprgce?sacra{lén?g th\é\@gcé‘s‘r—f%f the lfﬁ]lg tm&eagl AW ibrillate 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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average dianeter of nmelt blown fibers is around 2 to 8
mcrons. Typically, nelt bl own webs wll have a

woydsalssad to basis weight ratios of about 3 t®CHUS2005/013342
nbar/ gsm The basis weight of the nelt blown web is
commonly from about 2 to about 20 gsm Air
perneability is typically fromabout 0.1 to 100 nim n,
dependi ng on the nmethod of web form ng. The nanofi ber
| ayer can be produced by any nethod resulting in a
uni f oviilel thy efecifitativanohdids svithRighe padotiyg odthead distinctly claiming the

nanofi bers ar.e. produced fro Lt fibrillat
PISPRYE SWENTIoRy S B?‘é%Cf Riadi PO PR EREeT PR P’F Jpllogying drawings
tdkéxoilrﬁ%s@unc'ﬁbﬁwﬁ\fﬁltﬁe aoédniipahy it spleélﬁtatlom pr ocess generally

i nc st eps of 0

LT e D el b ane T B R e e GO P o Ry s

pol ymey 2 ﬁb a‘dhbmﬁdu\b@ hydfheddsi digpeihéabilayioksBwetshh éor vidiauk fber sizes.
streans to formmultiple nanofibers fromthe holl ow

tube. The equi pment may be designed to forma hollow

glubedof flb: m ﬁET@HLE}DFSﬁRIM@N&WTHE@WENEm pressure

uid is own throu the center .of th m
subj dBE iPFREeTNYHH &i4iet gAY ér@wcmnﬂb%% oCgg nanofibers are

pRAlS NBork RBe b $50S teymdplastid Bollyink) tI@oﬂhﬁﬁﬂi@a&@n@M of thermoplas‘uc
flbrlllate once the | ocal viscgsit % r|t i cal
pelymels eRblRetPr ot PRESHRtIRYSNU Spelids ey 9 effe 3o ol¥ppgs, polyamides,
psll_y&%wehésaﬁdlﬁﬁetﬁﬁfés B deghaddbaiolyRibrI MY GSE ufenﬂgﬂaaﬁestmhe PHA PLA,
ers

fluid exit the nozzle. The eq ment
?

sfa% C@ﬁ@eSI%@Sx At cerpRingtigny GigFebl yime romop asgolm%rs and blends

HRAVE 2l Bl ludee Bkt HQSHANRS. trae Hl@ét@rdfﬁ@d%lymers are polyolefins such as
fibrillation. An alternative aggaratus of ~maki

PﬁlaPF@PﬂEH?raéld palyeihdpnss mdpnssand pobygigglenrdsrplihaipiei gn gvvhi ch

prod @ﬁ@a%leathteﬁﬁdi}iastﬁ \Aﬁﬁyﬁ’léfl@ |11¥chfdle ahy fpolyfef kngbRaEr aelt %pmnmg The
hol l ow fil mtube) results 1 n nanofi bers. BRIE

r@E@ﬁRﬂlmpmlﬂ@DfﬂH@Obmwvwe%\W%m@%%e BYREPT 28 e exiruded. The
%lt&%%ﬁuﬂ% b bhalyE: Q%bﬂb‘idll@%o%ibo%@ kS ha0Ct |’IY16 polymers of the

a|n1 the present invention, is believed th
pyam inyeRtiontgeasblaye el ey @fedédeswatl [eowt 3PP degigrgms per minute. This

n%ﬁ&%n%gtslstt%g Rs {1 p%f}ﬁieyﬂ%éssm M Rt h&emﬁw ifheasured using

speci fication %% chart showi n
Af%TM ohibad PHES B s Pregirah: peaotorate BRY b JSSs pBebow;398 decigtams per
ol gyt PP SO 5 A, il s
aElElTAD(D_ E@lmmm@m aF mnsEpmﬁvai\wmforH@elfpﬂ@% atfes is from about 1
dﬁ{ﬁé’gljﬂ ?I nE).t?el BGEut 16 & E%'r S FRRE. fEQRPANR 1REYF fe melt flow rate

I bers are pro ced FTom one or more
tlteheormppdfamdl ThewsforermolymeNowith melt iflay retgalepd han gfout 40 decigrams per
nnmgg fﬂ?ﬁ ,Eq Pol ymers suitable for the present
on |nc ‘ude pol yol ef ms, pol yesters, polyani des,
poI y§ihy ifdpre Spaypiw] siglee ton andts corriopel dibar abtheasiibemonant fibers. The
ud t

f lb g mag h?\%oansglga!tmgxle%‘? %ng b}Z‘l %1?% glj;btttleg '(s;\l?télg lg@brﬁéﬁéé&lhguratmn After the
ﬁlbmpohgdaam ficopmby beirstedan doddddgtise 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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thereof are included within this description. The nost
preferred polyners are pol yol efi ns such as
woabosposgsy| ene and pol yet hyl ene, nylons, and PCT/US2005/013342
pol yet hyl ene terephthal ate.7Suitable thernoplastic
pol ymers include any polynmer suitable for nelt
spi nning. The rheol ogi cal properties of the pol yner
nmust be such that the polynmer can be nelt extruded.
The nmelting tenperature of the polymer is generally

hidrOFRoBR AMehtnéhGs b&y‘ﬁ@-ﬁﬁﬁﬁyl ﬁb@aﬂéﬁﬂ YieEgpScifid tr&dﬂﬁer@ desadd on the use of
I nventi on_may have ﬂ@te of | ess

theatebgves @f ]%fﬂaérn?{e?ndrﬁt]%%{aétor&th@lr & EPATEPHH e | fzgm? 148 ﬁwgg skilled in
teh®. pol ymer is present in the die. The nelt flow rate

I's measured using ASTM net hod D-1238. Preferably, the

el t OpheRaly ciie PR Ekin HidoaH utersisgo d)é%"l{fr%f‘é properties for
tHREfbeR MUER, mAPHRRY efeefiRbibal fr&psfict Bﬁﬁhea[*éﬁﬂﬁngzﬁ&r such as elasticity,

deci grans per mnute, and nost preferably Es t han

st hDBIeE I GPRITE pahiEh AoRe, rﬁ?é‘tfb?i‘ﬂéf 81 etpsPRfRyy, surface

phoBErtiBRlahd Ehﬁ%lfl@t %ﬁoﬂ&sotﬁefr:? Maahftic Ay@@mild @R RRfitive may be added.
m nuté to about grans per mnute. Generally,

Optienal plsrials may hepresept yvio p e the dotahbplyst egosision-

Ther 64,01th RO FBEiRe Wel anBBbdrs bF QW Frede8S ivegRnt B 2'J}ﬁ‘eferably a melt
about 40 decigrans per m nute nag be utilized.

fibjillasion prRsgssher wpisgIreterally apelt file Hhslten PToerse @néfalé)h this process

1@%1\1@@ %‘3 g%g%lyiﬂegg I, u-{‘-h%né h D& MBY sth@¥Bo &rm a polymeric film, and
sheat h-cor r “si de- by-side or other suitable

thye aiing pifliconing gmg;pﬂq)tpﬁnoﬁ&fefseﬁor{l the filmp eyudtabe gqeﬁaﬁe%are detailed, for
e%ﬁ%e% i Ad?; PAEH 1@394%5@%19[9 Tgfobﬁl%H@ﬂS bgieaf Qos @‘38@5‘26’ 5590,425 and

I t1onal ‘after a web i s nade, the web na
61585 992efatP@dekerThed"ﬂlalrw beadiallaw (pbe rﬁﬁweb@%m@%é@le structure.

| nt 0 L he RO LYIREf 2'551 36 ﬂ‘%gﬁgﬁeﬂgq&ﬁtkd’ ﬁxﬁllq@fglrr@staehcf%g and flows

to the surface after’ efl are forned o
easilgl] tThﬁemettmpolmmeremay) be et astgmpere@raraly frn@edowb OHé to about 400°C,

Cge(rge‘l%Y lilrtoimI LchJuPQO‘??a(Ceg%ﬁ! 3&138r &Ya %fécﬁ I%rcab?eﬁ’m aBbut 20°C to about

ves Oon sur e my need to Yy react ed
200°Ch Te o¢riyeratae Hiha @plymer depends 0g thmyelmmntt@f B polymer or polymer

c?rﬁ%%sn}cl)a di hen[e Pe%atR e ST ol91§1er &gtlqu g@%ﬁﬂﬁom&éﬁ%@e its melting

I ona onent s’ nay to the process
podnt, Ip&fdzrhiﬂy fessbtéms%iﬂelbbm itsgnaitirgepont, radre prefardily fepsybans1S°C above its

nleﬁtglgtpﬁ%l tan(? ?urs] 'crttop aGboP'/ee 3% glsw: é Emﬁlﬁg n{l%l/ty %gt%rlg‘%‘os'b :I%Qmeﬁmg point or range

ude c or
i¢ meRtree niisg 1SAN3 Ebéa]mlhoel Blidwyelted phlybiec will ypicatbnitave g viscosity of from

E%}sﬁr}%ss t8 r?%?lﬁ elOg(z ga-gﬁ ngel?]ally-rth %} a O?/lp.be ftoio o%{) ynlgaF{]!méin%ore commonly
fmtri‘te:buﬁ‘zamtaeba 10Dessr Ahdse viscamatesmn tgs/em oecrfazhgar rg rapging from about
lbggct 8 (Wt é%?@ %eﬁ g}ec%ﬁg? g[:h e te# 8& rrn(e)% is tt a &rgsgurx%? bém%tmosphenc
pRkapesitsiigislyfetavatetie fi ber. These may nndlfy t he

O e BB 55 Pl M B A i o o
halppe pél@ﬁﬁﬁub@]b}smbbﬁgemd apionig ﬁt’esowetmerthg/ﬁlnsatrdf thﬂemner ‘surface of the
v Dot meftar <Gl f R b, BREHRy M todt WRE! & tin im
from a slit or slot type die de51gn 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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Optional materials may be present up to 50% of the
total polynmer conposition. The nethod of neking the
woaonisfiokssns of the present invention is prefera0igusa0s/013342
melt fibrillation process, ®r nore preferably a nelt
filmfibrillation process. Generally, this process
i nvol ves providing a polyneric nelt, utilizing a
central fluid streamto forma polyneric film and
then using a fluid to formmultiple nanofibers from
te‘irlﬂ)@rafu'ré 19 assist hakd ﬁ)tﬂﬁbﬁ%ﬁ& seldridgsmbt @e naﬁo@iber@xﬂ"lﬁmf Berizing fluid
U S. Patent No. 536,361 to Torobin and U. S
tepperaies fadess t@n@égutsﬁﬁ%c algpve Sl Dphunes melSRegLgygferaply less than 25°C
aﬂ%@r@ Qﬂfeef)olyﬁqaemglhhgb&ﬁb’ RRe Bref@dtiPWst UL, 157 |aB(Wthﬁé Yolymer melting

, or other suitable s ructure. As further
p@i@ts enuﬁf@ﬁ of ghoxe gpolymer melfee printy His fihesizing Hidderyprrtyreimay also be

bél@\'ﬁ"ﬁ'f‘e ;ﬁoéehsqtléfngergtﬂfé G 1883 IThY preffiee SBhS BELRAL YIRS is sufficient to
at a tenperature of from about 00C to about

may
bwwb@anpﬁ@rr%mm b¢ slighilahouie the presuroridboutited gobmer ayiyis extruded
ol heRgESr ably from about 200C to about 22C0C. The
tenperature of the pol ymer depends on the neltin
poi nffheffibetimngy Spignetl ganeigly ke 2 PEIPES |bt31r>8n500<?m§1 Preferably, the

ﬁf)%ﬁﬂl? @iy BI%SS‘&IC FilEheREs YR 0@@{951 Bfork PRIeritR sy Ebo'ﬁ@ 060 psi, and

Its melting point, pref erably | ess than 25
H@buvéﬁﬁmsﬁweM$PWd5¢@ﬂﬂmt&h®re preferably |ess than 15C

ab
qu«hg fxﬁ%ﬂgj tﬁﬂoﬂ@l@eﬂvﬁl mﬁﬂ% deb‘éﬁi ggn QE sRRA%Dolyhr used, the nozzle

meltin nt or 't ng p0|nt or
dmgmg end tﬂ;e lmzpsmd amisprmgurle sott@mtymm lesdpolsrhe thispghagt will be more

}%0 g{ﬁf il tg\gzli %ﬁ&%%&‘} %1 av %r&méfﬂl? Qﬁéb@%n&fth%ﬁg{ﬁhﬁ&ﬂ% more than

pi cdl r om about
abxtnxo G tgrazlﬁ)ﬁerFfamste @eadorifise end: omm#:fyrabliycma@b than aljout d 0 gy per minute

P, (irlef%?a ifhery\]xﬁﬁ ?ﬂééﬁ’ %g g%\}tel:alg @5 %%% ?Q\i 8%@%%% v%g§Qﬁcreases the total

pm@c@md thfblughmel Thed thpoighwmsr alplg aith spressers s tpmwerngfura bamdt velocity, are
sur.e i 1Y

TRATRH T G BB, SR pLAg0 L Yo S AL 88 oo e o

eptaldgdrect lengiui Thefpolymdr dncﬁughpnt ailhbé¢ mony tlfml a}»m;ro 3 grive pbyycentimeter of

e?th%i‘@% Dvghl??ggl&?fge!f é/xlthﬂlge %enlé hﬁls gehrhnt%ﬁ% tflé ﬁ?glgtaltx&ea@ the Jnolten film
béﬁ)reﬁ],aﬁ&ﬁa,e&% prbdhf.éed [ Hm lexamphsg ifftheuprebewi ihtenfior immanidésted tusing discrete
n?%zbeté ?}Il(g hﬁ ao?r%l u‘?rg{pﬁg )91116 er 15 t cen %metter et¥§ a%letﬁrgﬁ%i)h&tgtg fg{}gat nozzle is
1t @Bi’ﬂ&lﬁlﬂﬁte;rﬂhe okerhlheaterds 106(]18 pgndny |115&1r cm Nen-nhinute.t iBrgferably, the polymer
tl}e{%)(qa | es11 g? mr(i)gq?tgafmlp rtI 32 rﬁ yerac‘irr% per .?rhl?u %aso?es r%#éﬁa%lféaﬁt% than about
6tgediipﬁdfr atnLlfeEmﬂﬁie, el lﬁ)shplgfeﬁalblyt @dfm ttah (10 gratvhsen cin Iper minute.

mel t h in f th ol
Che. o, 08 ot R ol bt S99 & ATpffi 0T Hucflfhe pressure
ﬁ»gldltts ThBl@thlh \f@{nYng % ﬂl&lt?)ii&i@/rdf Ziamgibkis UiTtle bﬁm&ngﬂwﬂ&am anpthoeided by a
el ow f he te yne er sist_in th
PR PR JGBWhnEaf S HrE T GsT hang ABR a8t wnd gy the flm and
nﬁﬂbokﬁeéﬂ tZiﬁﬂﬁﬁg fdlgwnd The eRefiaidfied b Ilaess velbaty aflfmut atbGOCto about 100
above the po

tin i.nt ferabl h
piEPESABPRA DR GREFORAM 0 pehes st %er%?cgpéf Thq §hperature of
tHehfaihig MuiiZen BOOY Sarhd t]ﬁkﬂibw?@ﬂibeﬁﬁhg fltig, 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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point, or just at or above the polyner nelting point.

The fiberizing fluid tenperature may al so be bel ow t he
wonoesasssstenper at ure, down to 150C. The pressupreTai2008813342

fiberizing fluid is sufficient to blow the nanofibers

and can be slightly above the pressure of the nelted

polymer as it is extruded out of the orifice. The

fiberizing fluid will generally have a pressure bel ow

5000 psi. Preferably, the fiberizing fluid pressure

wi | | Abethbemad stham, 1 Q0P st heatiiy fuipy @h @pidially bessdt Mais third fluid

stgqggﬂ%an ég??fg%h ’tol-%ge%bglﬁlaltiftgg E@ﬁgrﬁgﬁél}f ' orpo?gﬁa? tt}mlfi)efs If the fluid is

ustiapand quReRng MRidS REBI eftidZteﬂ@bMﬁin' ofI 64, abbh@—mzzﬂoeabout 100°C and

p%gqsrgh%éﬁron%%ﬁ@tt E@ é}ﬁgﬁ%{ ﬁ %ﬁ SIH %S a? eré'ltelpl%{hg‘c;i I}ﬁlg ﬁt a temperature of
ﬁ%&fé@ButhO%@mop‘ﬁI arldl w&aﬂ BRm atbblhtﬁIOO‘E: to Ebéift 5@l Wnytffagl stream may
pol yner rou ut can nore than about 5
PRI (DR TR oLt L et Sty oy ectp S B gefed ierizing
ﬂﬁﬁ@ Ul nyl Or @5 ARAREEankE c@nﬂ@ﬁiﬁh@ﬂ%a&h&ﬁ, or E@tifes\ibd dhanging the surface,
i kely be several orifices erating at one time which

chquéa@é%cad Wérrleﬁtamcal@mawew PetsiPdEghput . The

t hr oggbRistanc Al OR dhdoiflceRdraRs1E € cIIRBBE tidlakide cordMbhnly called die-to-
velocity, are neasured at the die orifjce exit

calirston distanesy (PPl 68 P¢ BRtme!: t HRD ARfHpERHoR So2ifl i preducing a more

uﬁl%rm \Qécb Xl inved Db@"iﬁiyh}elp-m SdR& tdBhounhE ARt ]ing or roping.
be nore than about ?ran1 er centineter of

Thisowe distamed dqeg pgfteRablerthe Rises P Te 0 PAgich g around one another,
gﬁ;ﬂdﬁe Gt dndy &h@esﬂréﬂg Afilis rﬁ&r@ B8 o8 DEDEFPPIEE o Eliahﬁ@ the DCD during

or e nanofibers are produced. For exanple, if

pdeesiont ori taieyr difprentdepanivite difEentBCRS. & BE ke ‘éﬁsﬁ%’iez‘ioefgm a web
vﬁtﬂ%f@?ﬁ-&t ngﬁﬂ’llnﬁlegﬁ}lf éﬁaﬁgngfhéwr is 1 centinmeter, the

mass throughput rate Tor that nozzle is 1 anin1nute
the oNpelmiting esanelésof othergmgfibermsling precesess fFannplpneric melts include

ng E)tgﬁa%{ glg%t%{g Ld¥ende@ lﬂéﬂ%ﬁov&ntfg QHO AR spMitkdg fRen Hﬁl’tx%oﬁlfikﬂfént fibers and

( m per cmE mnute nore prefera
sojidealimsy Hxhlanleab@yplt 8 rbafﬁlp@progqﬁ;e@ aifiliging h}grétmgd}p&ymﬁlj ayelt into fine

BBk fRLARS I%Eeﬁ?ﬁﬁé%d??%l %QIr\JrgEs@mnoﬁf ERBhAR Pol 'Pat@htrNHsel 19801 B1 and

rali ning used o0 i nduce
om;m 929 Bhgnchurbpean P@talttlAmllWlelsé 89 &36% &1 by Gerkine) '«ﬁlduVHO 04/020722 by

S]pi(i) ma&ﬂ Qs 1. M sl E’Aeihglﬂ thlge M3 A& & spg_&ieuﬁE [Her b‘%l@gtles to sonic

can be prov transverse je
ahdmmlpdsdn@ relmgee cWhetrh@l}fnlle@webﬁs eetmaed\tmqunlghlgh aiilSd/e@o@PS it bursts into
fil mand nanofiber form ng region. The
Fﬂwn%o g° %ﬁd can have a velocity of from about 1
t 0 ab{})menb@@l distlese ipdFS Beedih. 4:9@5.poled ecthiofl wf briging polyphenylene

3121? 8? Hmeﬁ 1n% #h oﬁigmér% rr?nt filis gt%of qﬁfp Egval Iglleet ﬁ;@%ﬁ@ﬁédrjﬁst after the

raini i uird" can e sane as tHe above
spinhieg n@izivg Hollymecd ﬁbbns thavihg ars a\tengﬁ diab f#armj@utf lgsk ¢hag gheut 6 microns,

pfeg%‘a?to%a utro cEr(r;31 rgg S!ngogér]I ot e?grgr{;céq% da@’ o{u]lérm‘3 Blymer melt
sﬁaii’nsaﬂosdﬁa\hﬁg waeehd codifif & belowehs prekiytempperitae r’pyo¢xtrudmg them into a
ggs%&?s me um wgncg Iﬁogvg\gssgr{haﬂoparal?e? Foztklg golyrlgj rRelt 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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air streamor curtain may aid in shielding the spray

formati ons between adjacent nozzles or may aid in
woamH1essiung the spray pattern. The air curtai RCOUS2005/013342

stream may i nprove the unifiormty of the web. Anot her

fluid stream a quench or heating fluid, can

optionally be used. This third fluid stream can be

| ocated to direct fluid into the nanof bers to cool or

heat the fibers. If the fluid is used as a quenching

appréfiriliel f} det toSacBev@orlf PReLakdih 8 RfdafisrO6R BRAUAMenBOL ther surface. The
about 1000C and gleferably from about 100C tg{40 C.

fibgra Prodysed biy§h1§|§g og have l:ﬁg%lfillsﬂgsefl |tcupad'e diameeg of less than 1 Irrflcron and

a&%ﬁﬂﬁ‘:&@& i @neocfnoﬂchélodpdﬁbl‘é’eétpoﬁ@@ CMEtﬂo&Q@@@p st (Mfﬂil(ﬁ;éd by Gerking in
from about 1000C t o about UId strea

Frionta TB1pEbARRIotRE: /18051 BL Pt 315 1A LBRS Hare FT Nafdl to seed

}?%ﬁ th Riistc SRNGPaLdnYe Rfochittaed ubddng bkt M8 pblymktiselt AByYmafkiplicity of
luid streanms may contain the treatnents or

ﬁa@ﬂhv@Vés for changing the surface, chenical,

Phy ShER! filmHHbrilREAPH R dilREOREh hieR Fibe butéhh%?@cémﬁﬂlow-rth@ fibers are
di stance fromthe orifice or nozzle to co

males e dlee, steinaoRely seamdddiem evtidic Sps duannisgrg tpgpduged.  Melt film

ﬁ()t%%@)m stﬁﬁpwgﬁ a BRh,| ik &RinstdREs PRSIOW Aé ﬁlﬁptuH@Yha@isC{mhﬁbd by central
ucl ng more uni formweb. A reduction in

almw ahdiben ﬁbrﬂrl%@uefe neiéplisin emaneﬁberﬁ barcopiinit Fheﬁgar%rrg 2 mel geometry
of %ih rlggrstu-‘l- k hfﬁﬂﬁﬁt ﬂél?’ hﬁ{]@ﬁerfj%%eﬁocg) s&ﬂ@Qh@ s&lﬁl%oﬂcnb %@sr Pelocity in

ave rre to ent angl e, wap around one anoth er, or
Lm:h dozzle hutrstmyo Iveltiplaty roé @artoéib@rs i Fibpaas mb@mﬁﬁaﬁor@ﬁ@ Ippg9sses may

ateRf 1ﬁl ?rmftyp HeRR0P Grt (ﬂ dyr R Rk !ugpon %ﬁd tber bundle
ave rent beans w ﬁ it f er ent DCDs. may be

ﬁﬂe&ﬁmmble to forma web mnth dlfferent uniforn1t|es by

c hang} }%HTEPS(;P anc{\l%}hﬂlﬁgtl'bh 139 nfk 8 cectﬁ b@fusaf ]t?)eﬁlake the webs of the

nanofl I ng processes fr olynmeric nelts
piesalt mdeltmal Prefirtsd mebodsarg ngthomladmrddwe Iutnfqymwm@}ver layers. Melt

ﬁ%erdbu dst1$§ Ic§n o g?tlﬁlﬁe{agwlw ?1@’[ [ﬁ?‘p tﬁ;bﬁgmg RAHT twol ﬁe[rﬁe 3Bfhs on 2 single

bursting processes
huet | V:armus] gspocis sf llncigﬁ‘pm) lbyustirg epeldtbejingopofatesieinfo; taedt Glm fibrillation. For

I %P&;ng)ﬁ afftgaf?reﬁos!}gn%:[g 8\‘515 g%r% ycol}%lstgeglfgﬁcgg I:_E)rowde a desired
caubiopieanf Papetits. Adptatedy, espedts 8581880 AxillajiorGeanibe iegiuded in other
nﬁpq' \rll@%tpo%{ap\%i %s?s%sg tzogl crél(s)do M g e%ﬁ:)utqjatie bgl?.l%ﬁﬁn eﬁnglgclgf Ielglégated tube to
farmn e, CFarddmyle, supet Slon ﬁb,rlltaamg procém @oulqb bt }mxgiﬁem fncjude a Laval

PRI S RALR SRR Pl 3 B Beion
1ﬂdﬁa§é&he Bitenpid. of %&%rsl @hisanaydtelpadicolbrlyp plre&lmedl dor hlgh Tg polymers such
ene de melt.intg fine filanents. In
liyﬁa‘ﬁ%ﬁ °r¥ hﬁ_ iP SRS pfuce ?s posi tioned just after
t he TRE RBidTYes oF Zheepredenl yinatiof aizerssd lamblegnaumw ossewelgesuitable for
PSP S ) IS LBy g A o
hiNeQut 6LsbvEy] 19y8a) whith g cérRelidaet Yyreterma Ipbint-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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streans to drawi ng out and cooling to bel ow the nelt
tenperature by extruding theminto a gaseous nedi um
wohnoashoddsows essentially parallel to the pol ymecTmskios/o13342

streans and attains sonic dn supersonic speed. This

si mul t aneous deformati on and cooling gives rise to

anor phous fine or extrenely fine fibers of finite

| engt h. Hi gh speed fiber bursting mnimzes the

surface oxidation of the fibers. WO 04/020722 by

&Qﬂ%&ﬁﬁg Qlscadhing @le&t@dn@ﬁl@roé’co‘faé 80 o radgniTRAMACH @'f'eaféf DI gIonE500 times
fine filanment spunbonded nonwoven from fi ber grst

ses it WA JOA0Y PS5 A SO GLAmR 5 o hp Eetgrpe 1 o Sgniant nurmber

oS HRSS BRBfamblerti16ks Ylﬁln‘%ﬁé tni S, at 1BasBAolt WOIHES Snd f)ﬂéﬁzrably more fibers
Laval nozzle is placed underneath the spinning noz

mPRebe FleATH Ny e SFasURRBIONtS TaIR) PR L &/ ATIGH TR INES Hs%%@%ﬁhe layer.

SQfﬁcfeH@sa Mﬂ% thmgait@u@m?@lgpﬁem hatekarset to achieve
|a thermal oxidation of fine filapents at

¢ he| ! s Gbertmetepted i TEBHBIng e Eibers iy the meRofivet yd, ey e >7e may
nRReM e unfleRRed 4h riipY e T9hisdIB! Bl 185er! MRS dfahBirslwilll el i1 above one
and are connected to oné& another at discrete points.
miggoth s oEi nEgpRT at us di scl osed by Gerking in European
Pat e@"feféox‘%l' ' acﬁédlﬂ(ﬁﬁt rumbao3bkrsBh adfifofibedBfer3G8 hﬁze AkB& diameter

utilize Laval nhozzle to speed up gas to sonic and

of [epretharpationt Y09 nspomsfers frd mpes preferably dropuabset YR @apmsferio about 900
?&%& ehnt @thgil"fntefepibl}p}ahé/es Q)ff fi i)éxrkﬁarﬁétéradﬂ@ l’étsssthamdut f760 Mnometers and

ation procéss differs from nel i ber bursting
fiomozbeyts300rto h‘bwtt9ﬁ@ nfometess. gf ke m@@echﬁlam@tﬁ@ dgpeaAtipaRy the use of the
l tIt r%%?g@?é's agl BRI Ghnt ARG rﬁle@ﬂTﬁfﬁb%rsq{a%nB ROEMERY of less than

Iatlon starts wth a in sone

abm pammecsoraamﬂod sipwfiennt nurher of fibdye hthHtﬁa% dia@e‘ICh Phgreat thap about one
nfGBLT Bhe Atder ks AR ISR m!.&uh sk & Gindelbb. Tulstrhl eyl o¥educe the

nano ers. contra e starting ne ggone ry
agbuntel tluipping i rognigsof thefnphodipens tandrpsevent thamamﬁé@rs ppdising carried off

supersoni c gas velocity in Laval nozzle

b%?na c%ﬁrtglgtgnultlpI|C|ty of nanofi bers. Fi brous webs
made Tihe dayet hﬁnamoﬁkms ges Ww’aypf dlief firesenti inventiph orapr cpytain more than one

b caus r r d

o3 Do b BER L Rphl g 1 bRRoBRRERL bt o

1ayermm marblp MVu@dﬁfﬁmnt @bsehameaans e diffesent polymrekemphsitionshs
eGP S BAEBLR S TLE o 0P Lot fr imote
Aﬂiebﬁnveﬁz,u ntsdan g desamd eprodib iameniwavieh webredith Iﬁultlpic layers with each layer

fi.bril t h t
he)lzdpgr Igﬁ% é)gl%eé { éan%se ersm Tl%s elgaltf fm Brr%z% n gﬂ)cgss chﬁ] E!z ﬁlolifﬁg(? to produce
bbthCaaloanat Iexge Idmwm‘ﬂbbrsftb Irmké ivierious| vedbis.o rilhe Fprallerx Biyep [diaymeters are

r%)tjf:rge%u% eagfhf“ghéfﬁg{rﬁ%‘gi 1ca t eSI ] @bersﬂ;{gvmgtnecﬁ:ﬁne%?r 0?‘1'439 tlﬁg one micromn.

The Dpeet Hiamster Abdreincladd ﬁfr&ksyfronathp mettsblo&fmgmahge (Eyiploadly 3 to 5 microns) to
fibrillatian.can b n ot he

i ppropd o RaE b RS Rl e B EP ety hipisron. For
eRatmplé, iohé HiyBigeal bb @kddawedeliangedverict fibe dizmetevrofiiess thew sne micron and
aﬁ&%ﬁqrﬁ%(ygggiﬂgéq ?a]vé%g;élbf | Lﬁr b% allr!)unadtg micr ng o g?ype 0 sltr%ctplree 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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nozzle to aid in drawi ng down the fibers. Draw ng down

can aid in further attenuation and increase the
weromngsiz4of the fibers. This may be parti cul aPCy/US2005/013342

preferred for high Tg polyners such as pol yesters

where crystallization is stress induced. The

nanofi bers of the present invention are used to neke

nonwoven webs suitable for barrier properties in

articles. The web is defined as the total nonwoven

CONPOEY drclesAIdRDré¥Bt i@MEonONE cOfitaid eheedreainbbcaymwmwma The web

are consql i dated, by thernmal ndln or. oth
MR PR S R o1 PR T R Py RS C ey cgronent of he
arfiE8 NER b 2 ARPEACHPibrBtdritdes ofe b@%ﬁfed iafticlebe ’I\heblyglénq)aﬁtles include

of a web that is produced in a separate.fiber la
digiers;, GRRHEPALE-AIIt "eentiig Rt PR ALIERL SO A care pac

aﬂﬁ‘ Igajnuﬁ&@ rtérﬁ}ﬁ)n@ NRrsBhal MBMafsih@WEEISs, HRMbity care Srgildsf bﬁﬁpérsonal care
nmber of nanofibers havi ng di ameters of | ess &pan

WiRFE REHITALRGHPYS Bt ViRGHBR FiEciuH FabieeViat [PeRapal care aticles

1nélla@é" hrti€edRuch RS woleNikiGan taci B erd fvrhishe rp‘étcﬁ@ﬂ alhleotﬂdr substrates
| east about 35% at | east about SOW or Pnre th

thglo et PEoR b theneodhopHTICHAIIDEF i f AbBPEbleidEveER g elothing and

pr-(l;{%@tn)@’es@eag Qs DRy 6r Rl N nQikh b%Ql%lﬁH @R tusek QP Wipes can be
of the fibers having a dianmeter of |ess than about

CIPTGPOT WIEFR €F $1oBBlFm AR iRt isoTHee (b SHB BT SRR AR other industril
#ééng a scanning el ectron nicroscope at a
gni fication of greater than about 500 tines and up
to aboutdiaper, BOVeY may bsuspbatia dafrist 14yl sl asnfa PyFEFigon-core or an
olt&cARE e G}@bsj 1fna}aal§d go hgeﬁ%grdthlglpmr afr quﬂp@ hizh hgﬂx%statlc head to

I ameters | ess han one m cron, at | east about
erfaplodpw l@h@gepngﬂ@t mswfﬁ@nellarrpwecrr@,tc}hﬁ@rerbée%@bﬁ% caggfort and fit. A

tyﬂ% Mglﬁgﬁz{h%ﬁb&yﬁta Wb %@reﬁltthé/ Rb RO 14yE8:35 88tSbined with at least one
roughout Suf ficient sagglln that is

spaihleanids taiyera pidy cgmsgﬁq‘ia’cﬁdc aing resmalo geigi-bomting, fhygygrentangling or other
teﬁ%ﬁi@g 1ta fe auﬂ gpﬂr ieni}op gle AE-9&" 'fﬂepserﬁ%/ bdode 8 two spunbond layers

ayer, % may have fi'ber dianeters
encnrlnlawymg&mglenof“byrﬁaml I y, the | arger fiber dianeters
Wi b r
Pr of er ab{i y;?e‘i aoqs(?t}{& 05%93& 285 ﬁeﬁt %@P&b él%s HPI&’G(R’@I% web containing

namaﬁbn‘rs ey bleayxszedV\uSI 4 b¢ravre1a:aerf ﬂlherbamea&m'tﬂemabfoe |désgesed between an
absB Ql%tac?%'#hd %19 gut@?ﬂ?&%&ﬁglﬁgg E%axgn LE ”ﬁ{eeafbgd'rgé}llt Xorfa lisotm: component of

nanonet ers to nanonet ers.
ther eficle atbhty isr arigasly ofesfongible ftir affred érandling prepertiesh avph as acquiring,
tra%OéJrE 70(9 stHQnomat e d Stofd Bc{ E’ﬂuﬁ ouIthe: gorB aclgpeuﬁs Qally located
HERGHR grred

ers. ers pen upon t
betseenaf hquiﬂspemams blotly siely inlper lwlses arr@b‘i'aemt mertheable, Aquid impermeable outer

cchﬁ)gn’i"f ! C?ml gﬁ,? c?vfln z];slt elgack hl%e{ {xtg)u{”el %\%HE F{g logéteci Sitthe outside

Cron an I cant
of thb ﬁfsﬁoshﬂv pfb@u@t i theeherof @fdlzgpele dte dutcaﬂayaltﬂmmtactgmlg user’s garment or

er f ber.s L and
clgglﬁ‘@f n%lg gme;rﬁ}/% may )? tﬁrgiltgeﬁ;g&fr I3 gg glslechse& mgen thezfos&%gnt core and
i inn&ilayeg. dhe firoet ragerpﬁlsd lewmas of to elrest, mldcqme;demvetht stdae@losest to the
u@a?fs)]fgh.? El:xe mnerqg}]ler renagl] gorﬁact bl u(sjer%fs in o¥ msaty SNt Ia 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 skin. 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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The [ ayer of nanofibers in a web of the present

i nvention may contain nore than one polyner. D fferent
woabosnesas4or pol ymer bl ends may be used for di PEEUSMI0S/013342

orifices to produce |ayers Bn a web having different

fiber dianmeters and different polynmer conpositions. It

may be desirable to produce a single |ayer nonwoven

with varying fiber dianeters. Alternatively, it can be

desired to produce a nonwoven web with nultiple | ayers
absbibént@aile i am&rr ﬂﬁpacit g/ ah suftein@hpredsinee (Fuatharndeteiption Jiviebenefits of

[t filmfi I s can be nodified to

mgﬁﬂﬁ@é@“ﬁﬁ?ﬁ’ 'W% &g)pggﬁg?dlaneter fibers to make

var i Thswi sy bEheedsimlipesto énable ﬁmpibmdﬂbmﬁqaadlmgraﬁﬂ evdnexd gradient

Q as havin significant n f fib
oyl ofioPepLsey e BREe APERaR. oSt &F gerDiiie, B cctvere
sufbistblﬁié Sarl BeCdfUideids, Idaphs aétrvemot buﬁerrm{tetnatsl Dk mrgthe high surface area of the

ca ly 3 to m ron 0 th nbond
ﬂlﬁ)x'ﬂ'?sc?i@hgﬁ orr eﬁlb 81a 1a Wlpa§ éhé(?reés %ail %eXumne care
p@@&‘( @ad's Blafdr§) Nraidne pa&%saﬂp héult m&ﬁmhayer ThaRvebe nfay @dﬂi@c&denhanced

with an average fiber di er of les ne mcr
GBI oo By BF oL nA ORGP UGeS NG LGRS, g may be made
with QUM paxtiBl1&ECs SbsofibnBortrifieal GiberS Fdr itkdakicd abudbdicder dasidid layers of
where traditjionally spunbond- nelt bl own-spunbond ( SM5)

thgasls mpdehaye dCrenHIORGEYSS- with various fi ber diameters
can 9ge RInBHNE KbOMad Ao 5 0FRd lih Bigicles bvherblhe)pSc@iéﬁess is desired. Added

equi pnment. This is an inexpensiv fhe sa
ommnﬁmy gt e i R smels IR fiamstey G auini Rty Bl gpeiymay be added
toctﬁ§ E&yﬁ%aﬂw WERNTHE RebsShadé BlsdBden feAtts Qhedhw liMiSH, This may be
if deSired, the sane polyner can be used to produce
defi tp flomeerrenstl hsrs ajenfarglion o s WS ¥bes of the present

| NVepeP Prowhdtd thaORiBeResit TRt A&IoB& Ay dbARNRIE 1Al bﬁlters can be for
The web may conprise the entire articles, such_as

inigpil, Rsrsondheor e Hepyng SFIFILER o ALCIcfiBhiner RILPRECIes. Industial

uddk E%nqngludesé{ﬁ&ncﬁ§/e ufhia &0 Sater, MG b@BLy Bt dr FHIBS. A @Ipe of personal filter
preferred articles. The hygiene arficles includ

mg}uégﬁeq- flter magl #ich @ P gﬁglgal gk Pthenmediea! yess o Wﬁlasdg)ntammg nanofiber

1258k ﬁ{ZF;'aé er%lczﬁ BRHE L usbdBssfgs, | aﬁcmn@dh&ﬂ b&AER. FBEFBNEn also be used

anti i ner ons personal cl eansing articles,

- apwissandther @Sd&tptSclTOésutdca)ﬁ geapei g end ey endicpiag fibers.

i ncl udi ng baby w pes, facial w pes, body w pes, and
fem nine wi pes. Personal care articles include
articles such as wound dEESSISMEEHODSCtive delivery
. pat ches, and other substrates that are
Aff el t he body, particularly the skin. D sposable
undeMhear p@'meaiiﬂaw s deieraindd py oreestipg thevimgrin fdchgestandarg [volume of

a19 is d&%stﬁl{olblglll t ean %}@%m@lll sapatl:%néijﬁ§' [&re A ®mpdS8Re. OfThis test is

can m w pes or contamnation w pes
pirncularb@uttcﬂ wbsdeinldraving neleiolelysipgh p@mamlxtm fhgases, such as nonwovens,

apd A R A R 1R800 inbndtPR WBRY (ARBIMAELY Réktest AG in
arrier ayer Suc arrier-on-core or an

Swut@]mcbmw teitwt.qh/hh»s fioeyAdiased Testingdostmments [ifi fpprtanburg SC, USA.)

TE est i)fetholdfcon tshto%ﬁl\g I'I)D7§ ydfh%stgs‘?tlsl o%eg?eﬂqn t%.1qaboratory 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 instrument 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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enabl e | ow | eakage incident rates of thin, narrow

crotch diapers desired for confort and fit. A typica
worsub3dsik zi ng nanofi bers is a web wherei n t hePCT/US2005/013342

nanofi ber | ayer is conbined4wi th at | east one spunbond

| ayer and consolidated using thermal point-bonding,

hydr o- entangl i ng or other techni ques suitable and

appropriate for the end-use. There may be one or two

spunbond | ayers enconpassi ng the nanofiber layer. In a
Hldapefic HeadqHeohdippesakloeRakgaichasit product, the

nonwgyen web cont ai nanafi bers y li.zed
D asthE Brovey Sotied by Sl OGS ¢ Rpepra ey gt WSt Specty (or liquid
nhﬁériﬁﬁfﬁﬁhtﬁ)'l oB B SaiBet Si:@&ﬁczﬂl@ﬁ tHad te@tlhi%ﬁsukeaytﬁé hydrostat1c pressure the

contalnln rment. Th orbent core is :
B e Sapitreled ey PR o8 BRI o§o o TS} ydrostatic
P{e@d Tédtéﬂlf?@bem (thlﬁ?leﬁgmgavdne@ ﬂgasﬁﬁg HlStrlﬂﬁdglu;é Cb#q,Spartanburg, SC, or
ransportin istributing, and storin 0
bYHE atios Bontiegry (vt WHPEAY 1S 56 et gt s Foalonts to EDANA
1b0.01ab chnP ENWIAORS 6. DGRy 1154 €ber, Efb@@fe isappliedidda @efi&ﬁﬂ‘%ﬁmple portion and
perneabl e, liquid inpernmeabl e outer cover. The out

eradyl, mgteds® RHBUEIES PEIEasncKOuReRe BRPy; R sy at pergucted in a

lalb§ra|tc9§3 ah@tbnBRent heaneitt Bhdes @fmpeRBiréllafid 5P 569 feREUE humidity. The
In the case of a diaper, the outer |ayer contacts the

SBRlP issolagancHeMer i o Poi polymn fK@re 45iFg & appERpaipte gareting material (o-

rﬁ%ts%/[e‘?% NGdry sk I@k&@ dRBnglieSRRs ethe DRIV Ot d:r rE!Sntact with the sample is
sor en core and an inner |ayer. The inner

caak by hmeraps saaionalaesg of s stater palump Eided#s @fh%ms i \Xfétef is pumped info

el PREDo i 4t RGat °f8 nﬁ)al%lﬁinn Thh§)8hd HABLe ik BWIctddBY a steadily increasing
contact the user's skin or nay contact a Separate top

VkRe @TesTWY PN ewhtuaiess YWhen waler paeisytion apaaes ipahies é}catrogy & the other

¢ RE tlﬁbsiﬂﬁ)ﬁe B presfife BAR AR thel BYE 5er{éﬁ§ﬁonp(§c@l§r§ @Rkdrded. If water
as-a bal ance’ between convective air flow and

namg@atpm neaetisgas rthe panpplo gén tihe sampde Er@md@t 0p yesisinge)f p gefo reading is
r&%ﬁl@& ey ebc% rﬁitérﬁi? ttlﬁryéasptsamél?s,da%t%stémd e e@'@ﬂaﬁ@reﬁﬂm g‘:’pgﬂ_’ed

hin the space between the absorbent article and the
mearer s skin. The conbination of |iquid absorption

R0dwWe bt RARRLEET Property provides protection
against the wet through problemand is especi al

I
benefHasis aleighhean tehoetserod bensisteat vitle bempeydig m@hﬂ&&w D 756, ISO
sges; cgﬁDm:,f ékg% 3L BIUS G )gfila@ td'@ﬁﬁeddagﬁ'ff?d' g@i el aegad with grams per

e barrier layers ma S%
sq}mtmataﬂoftélﬂmllvvb@m wthyr than 2led)chs ithe mfpte@ yng. @ﬁalbleé instruments are a

1&8{8 Yﬁeaqhérﬁit{ep H)blg?r%«lz E&ﬁrégg&gra%\ela?ﬂ.gﬁg Sv%{g?f?l? %@%c@éral?e rA sample is
cwlf toaa wtbstearnf éOOcﬁHe)ed@ww\@ﬂedl sa¢hatia arkepreesion ef $0.5%. A scale or
b'?lﬁx%‘é'@ﬁ%ed tﬁ"&%m %ﬁs‘f?ﬁt%r r%£da8feh I‘EPe‘d%h %Lc%ratéaﬁewlh{?n 0.25% of

sUrtace afea o nano ers
tltnaeapplwdoals Ténb sonfesrare mdlapmedlaSZf@elmsm:e?@ran@ afragslatife humldlty of

a{) ut 55“%'} B t?rreoagzﬁl UIIPD.F%%’I VQ%@P &l %ﬁt s‘fn’h@l Q\llﬁllq Oﬁ)@lﬁ% fztan the sample

or adil't" 4 heontifence
atbh $drral thtat ofolm)OOn‘mZH @i od ommdﬁrtatytmdtbelanqedm theAdatiest0dAdg dng, record the

wgg?;{ V\@bf § lies 1c (6591 n bglﬁ? ?v%}gﬂ’l% onlS/ % 1%8 e}‘err]pgtglgt sﬂould be noted if

dbm:sroe)aéﬂdulab flerbagnweighrbyakividiag thelvesyght by dfe sample area (all layers tested)

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

D—.

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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the webs may have different properties. The nanofi ber

webs nay al so be used in articles wherein opaqueness
wOodhaesrsed. Added opaqueness nmay result due tBCThS2005/013342

smal | fiber dianmeter and unisformty or pignments may be

added to the polynmer nelt or webs. The webs have al so

been found to have low linting. This may be due to

| onger length fibers or entangling of fibers in the

web. Ot her products that will benefit from a nanofi ber

fiRBnts ) Qeuﬂﬁa‘tﬁ%' dn®Fged fot |rﬁe@ﬁﬁerﬁ‘e&lt’$ bemiger arlaly@id Sdofftivate, for automatic
per sonal ome use_and can 1nglFed to filter

sqmpéfgg ggﬁbeé diageisr [ tﬁgﬁ{EMquggre 13 Eﬂﬁﬂ ,rl?uélalsglg érgor%lgﬁnua{ procedure can

bé ed. Uﬁﬁ)rﬁlsﬁbféﬁﬁg éd‘é@ of 4 AR seldbBel Elber 1§I§Ui1gﬁ)ttdﬁe theh yResiredfacross the
filters. personal filter ingclu

b poEaEHos h bt e TSk PR RS FGHCa oLl abgT A sealed and

Cm%dcl%é@hlﬁn}@g B HREViRE fihd @Xlﬁf Sto | gBEIhY duSUEGingain meter or mm or
owns, wound ‘dressi ngs, and ical barriers. The we

IS G4 s Sdvere TS5 S AT S A AP JE gt e sl

op{%ﬁj ‘Hlo{hem '[9{)1951@' é'é%ralasﬁl‘ﬁp@§ eANOWER hidGuf hiefested TEHE manner.
Pefmmeability The air perneabjlity is

Aétegeéhenﬁwé@st ByourEs R mjaqurﬁ@ems e melefl @b data sreaienyraq for statistic

aﬁ/a%lsié”?f AL 1Rt is kS bedMbdtih HHHG Nthih8e T lvingRak LIRS Rbdso be made.
constant pressure and tenperature. This test i

s
Diramreter ¢y Henigry= Sroist-eegtions! wraa &dpngity “1H0Pmg 1090 ffkey eTlg? cross-sectional
h.R | e UEH BS 1 RANOY®NEy/m’. To obtain decitex
mﬁ%%ﬁ?dﬁ%%E$9hrhk(kﬁa?%§§?§ 52 Tex%est FX33 o To obtain de
(dtexd tingtend of usigg W, uS(sAOQﬁ)Qnabl e by Textest AG in
Switzerland (ww. textest.ch), or from Advanced Testi ng
Instrunments in Spartanburg SC, USA.) The Test Mt hod
conforns to ASTM D737. Thé&X/AdPLES operated in a
| abo environment UlteR Q% the described
rel atrS W’% havc ée?nyp R F}ed u?%g? Q’%ﬁetseé%lr%gg?eg qa(g%gPatseca ed osere
niethedd. ek sannplas s @BposiRs of mxiritiable tpelpropylere phong gwnte nanofiber
cr eat on diffe r Cr.as§,.t
HERATE GRIGR AT ARaT AT A ShyR e Re TLaafiaR ple e tngpits wer
c@isblidatedwr bbuided gking h ehe&aﬂmomthoading amaese.Basis Weighitsf and /fipendiameters
éoften calleg cfin or ft/mn) or mMmmn. For each
ASERT 85 PEHBR a?epllcates shoul d be run, and the

SaMpleage aoagidkite | S | Eppd diedettfibi@s lagtisc |Hémdfifdrlayers
vdrohead ") Pressure or Repellency Test| The property
Tefet er nijned by thisjtest is a neasure off the |iquid

ibarrier oMty (DDlahie@tsi @-20nprRroAe Bd3is | Dighetefs & 0.7 to 4 micron;
materidl. Specifichlly .S test ,measur.es. the
hydr ostlati c pr essur%(e‘ﬁ?fés Eﬁ SEHRCAPINCT | |RRpD P ENGAIRZ %S

scontrolllad Tevel of DwaleRfs ReNEhicadnl PadisOCTidmstersAof 0.5 to 0.9, basis
TexTest| Hydrostati g Head Tester FX3000 |(av ||38|? %é?m
Advancad Testing | nYeEMFRM$MCor p. | Spa¥ &P g ©

30T DY & EndfC | (DiaweletLof arsd \MWYOB exbigmbiehor) 0.1 Sc; 0.3 micron,

used. Thé test method conforms to EDANA
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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120.2-02 and I NDA 80.6. For this test, pressure is
applied to a defined sanple portion and gradual ly

wonersaasyss until water penetrates through the samuise0s/013342

The test is conducted in a leaboratory environnment at

about 222C tenperature and about 50% rel ative

hum dity. The sanple is clanped over the top of the

colum fixture, using an appropriate gasketing

material (oring style) to prevent side | eakage during
pbe,@foipp]gne Wieusad. e attef wab tieiraceisti®Gtichmst fibet biee, basipiveights and caliper

ual to osss i gnal, area t he ter cpl o
LTS <Ba%eReT N d 1t FsTiRg el REB RN Ay 4 0 03 mictons
ToUivbhe éfecivehads &f fhfe n?mdﬂbaf léyeisin thElwosipodithg tiediyptostatichead result can
subj.ected to a st Si ng. wat er essur.e aon
SRS B P B aP LD 2 comparve
kAt FRREMMD t}IpGQ ik rSMS ﬁlﬂﬁaﬁaﬁﬁlmﬁwntth ¢hos@sRilled, in tHeenrt, is a composite
pressure, at

I netratio curs
Pscsr HaiER fo B SUS risc &¢- SR pesrer bl e Pt o dugjegbeing around
18imiBron ahd) e RN eL iR KEGTE dAéunt @Srhistoan C[Ei} ,abdi/eZ:BdirO shows the several

reading is recorded. For. each terial,

SapRIEs Wgﬁém%ﬁ*f@gleté et theinanahby %é{efa?gg Aragitepsed ﬂ}retna}l%ﬁbef layers.
reported. Basis Wight or G ammage Basis wei ght can be
nmeasured consi stent with conpendi al nethods ASTM D
756, 1SO 536 and EDANA ERT-40. 3-90. Basis weight is

def i ngd 1a8 ."BS® ﬂ?ﬁlnyﬂj’drolﬁﬁcﬁ?ams\weﬁéht Qéﬁiﬁsﬁﬂéﬁ Ehaﬁn@t!éﬁﬁ@e As can be
nmeter {(often caF gsm rather tha

spre therfpgrithg ﬁliatmeteR@ﬁ ﬂ“ie r0arsiih %rlﬁﬁﬁﬂ’%%&?r% the %1&1%%‘? hydggstatic head

r@suw\@heﬁ%kfn%lzé@gyb%@mle%h@mt| ng and an accurate
wel ghi ng devi ce (scale% A sanmple is cut to at

ot al
ar ea IofFia 0 dhe symemles| efylae cmamesaie gedlvatadc{pr ei‘n%?mbmed product of gas
pgfn?e‘ibﬁbp@u Hermddb ¥ ménsHahe h&hd BakieNGSink hyMeQeRcheall kldthod). The

QP% sensitivity, readabl cali brated and accurate
Oh@ft \@iraphs rhydrobesa, Bfain n@nﬁﬁa&vl}tﬂbaﬂ%@(slghfrﬁ@fﬂs@aﬁbqre@afa?t@ size.  The

ﬁg&%ﬁf bl%@l%gtlcﬁlt is 43t GRlo /Eﬂuﬁﬁn a2 ) eaided w%i{hlrﬁa b&ladt fide® diameter range.

Ity of about 50% for 2 hours to reac
&quidthdst ofuereatingi fiarst Hethetdiamcierpney #ptt e q_ral%lb pulsthe g} diameter is
IE sanpl e area for a total of 1000cn?2 = 0.1 n2 on an
al yt| cal balance to the nearest O OO g and record
t he vieingles that Ralibis sivglee srendsi cshde rrepared| ysing aflar gerbpgjosies, such as
| RBiRAPEdskd, sAaNg f 1
C%Hlk)g{m%%\?dnlﬁﬂ%s{ng ﬁ%ﬁoglg g%§$§°ﬁe%%ﬁ%g ﬂiml V|1 d| ng % he wei ght g e
using ifrmdsanthbe-ecaarea (all layers tested) to give the
basi s, AhthAlan opti L bigh liquid-
st at | Sp@fqu)trl]% 13%1?%”0'1‘:%&3 g'ghg rr%gt%ogpérelg%sdﬁ rtltl eran oe 1ma igh liqui
wrrememdegas-pamealdbmwrmun@d bigyearst. hepds Qetalnmicr@ne@re%ﬂrﬂmﬁt preferably
O be used t
I%Cg %I (g ﬁ%‘l\{%ro%g té‘m%%elgbgl%?fgs'pg 0 he@?ﬁjz%hdl%%%r ctarl}] ee used to
cfesdmbeﬁns(ramg‘el | aments) are suitably enI ar ged for

s e

qndsaﬁl ﬂ@hﬁaabﬂh@t pafaimarae mﬁoelalmn pate spres csgd@neéer@m deminates the barrier
prefte anc:eS g‘éugﬁe{ l ¢ &to{cleemzegggur?ace Qels d{ %'31 Xra%q{n%gst %*h affect barrier

hen heasur e
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.



wi dth (perpendicular to fiber direction at that spot)
to the other edge of the fiber. A scaled and

woabisiwzsed | mage anal ysis tool provides the seariusgosni3s42
get the actual reading in m@&ter or mmor mcroneters
(m, e.g. Several fibers or filanments are thus
randomy sel ected across the sanple of web in the SEM
Typically several sanples froma web are cut and
tested in this manner. Altogether at |east about 100
such Areasdufente Bt aad, én ﬂélibﬁiﬁlt @Etﬂ nﬁiol'podaﬁd&le&ﬁleby efoemedhe citation of
for statistic naI Si S, he .
o dpEneat i o e R & tlﬁfileaﬁ a? AR %lh’gj P %Wﬁ‘i} fegppot to the present
iheadsn.t o be nade D ameter in denier Cross-sectiona
area * enS|t m* 1

0 / k he ) .
crossVei tPP’iS‘ﬁ r 5 ‘é INENT) 0 3 Lg %gg‘?t/ ipvention RYRsheey flgjrated and
RRrib&d, Git ;wos@ bb@blRKeRn ansdBkDilthe 710 tdtBiribusd bt ekanges and

(dtex i nstead of using 9000m use 10, 000m
é%nsrfav &5 “ﬁﬁiew B g th gL gndy Séem?n%ﬁgpﬂ%gnﬁon It is

tﬁéﬂéfof%%ﬁ!eﬂ@decg cWhdr in tRGpPGeTEd tikiad aBhbodsngethad S@aﬁiceﬁons that are
are conposites of extrudabl e pol ypropyl ene of one or
WiBeths §698¢ pERISIKFRE®- and adj acent | arger di anet er
fibrous layers. Furthernore, all the conposites were
consol i dated or bonded using a thermal pointbonding
process. Basis weights and fiber dianmeters are given
as average data. O every sanple type, various sanples
were made at the different basis weights |isted
(according to line speed), and then tested for fiber
size, hydrostatic head and air perneability according
to the nmethods described. The hydrostatic head for the
"el ectrospun sanple" was predicted by conprehensive
conput er nodel i ng based on Lapl ace equation. Surface
ener gy of pol ypropyl ene was used. O her web
characteristics such as fiber size, basis weight, and
cal i per were acquired fromel ectrospun Nylon-6 wth
average fiber dianeters fromO0.1 to 0.3 mcrons. To
give the effectiveness of the nanofiber |ayers in the
conposites, the hydrostatic head result can be divided
by the basis weight of the nanofiber |ayer. Gving one
of the sanples as a conparative exanple for sanple
type 1, the SM5 is nade as known to those skilled in
the art, is a conposite with basis weight for the
SIMS layers of 13.5/3/13.5 gsm wth the S-I|ayer
di anmeter being around 18 micron and the M I ayer
di anet er being around 2 mcron. The above chart shows
the several sanples and basis weights of the nanofi ber
| ayer and di aneters of the nanofiber layers. Fig. 1is
a chart graphi ng hydrohead/ basi s wei ght versus fi ber
di anmeter size. As can be seen, the finer the dianeter
of the fibers in the nanofiber |ayers, the higher the
hydrostatic head result, when normalized by basis
wei ght .



In Fig. 2, the sanples of the exanples are eval uated
for a conbi ned product of gas perneability (air
woenoseakaski ty nethod) and liquid barrier (usingCrT/US2005/013342
hydrostati c head net hod). Tiise chart graphs hydrohead x
air permedability/basis weight versus fiber dianeter
size. The inportant observation is that an optinum can
be reached within a certain fiber dianmeter range. The
met hod of creating fibers of that diameter may not be
Vhat isiclimhed ibut the final dianeter is inportant. Sanples
that exhibit simlar trends can be prepared using
ot her technol ogi es, such as conposites conpri sing
1f i A monrgovee Iy fepmpnisirtghve leastedre rfandfibet lapdri loning rodgagfens, number of
r
P f Rt 8 AT RO ik, RIS b bS8 ytfbap 4 bydrghead 0
sménamﬁanhwaﬂmspWEQMHﬁhk@EmwmqmmdﬁaﬁmﬂémLand
gas-perneability product is between 0.1 and about 1

m croneter, and nost preferably between 0.3 and 0.7
21Tl enneyoven| webrof Glainy & Perein i napafibercleyey Baspdpes weight o from 0.5 gsm

o4 gsttﬁén@theqettblbgrettaqgantz@ndﬁﬁgsm be this range. Wthout
bei ng bound by theory, it is believed that there is an
optimal fiber size for barrier and air perneability

3PEhE REIBRELWeFIICIAIRAN G erddOIhe nSloBBS laySilak @ Ggsid WAt @Nfrom 3 gsm
dom nates the barrier performance. For medi um pore

o5} S,g5m and fhe pafiods SreAte YA ARG By for ces both af f ect

barrier perfornance For very small pore S|ze (for

nanofi bers qrces d ntnate th

o BF B ER e T TR B PGV ER T HCPR A8 EPRegpilty of eeater

tHad 1 § ectetbegr @@utehan 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 dianeter

5siThe nomwoviee wieb 0f Glaivh @ véreminr thp @onveabn el Yrasi sshydothead of at least 30
[ rier performance

R o B R e e or (o

frlctlonal drag forces. All docunents cited are, in

6! %ileeyq?l@/gvéﬂ%e% of bgﬁ’ﬁ)[ Qﬁér@ih @n@ bgﬁg \%l?ﬂ’c QYthE ﬁén%&rogéhcﬁeb it H@m 0.5 gsm

citation any docunent i1s not be construed as an

tQﬁﬁ$%%|on that it is prior art mnth respect to the

present invention. Wile particular enbodi nents of the
present invention have been illustrated and descri bed,

7§ (Thousei e vBie Weibof e | yherriasle RiRuct eichypipheadand A pegability is at

1M@TE@HBar®hhepeLRaN@es and nodifications can be made

wi t hout departing fromthe spirit and scope of the
invention. It is therefore intended to cover in the

8amaaﬁt¢@|ccﬁﬂpalklﬂ§ t1R lnbnedrein welh aﬂgleﬁq antdersmdid drigas is@siscted from the

that are wthin the sco [ |nve t|on
CEP PHBTEAS! SEP TG R0 b Frerity Pird progici sveh o
fongniaé cdre padsayie pharhidivdrs) Gardpods, Paisdrat aleinsing Iﬁhieres,qfersonal care articles,
and personal care wipes such as baby wipes, facial wipes, body wipes and feminine wipes, and

combinations thereof.

9. The article of Claim 8 wherein the nonwoven web is a barrier layer.



nanofi bers with a dianeter | ess than one m cron,

wherei n said nonwoven web has a hydrohead to said
woangiiokssn | ayer basis weight ratio of greater pChas208/013342

nbar/gsm 2. The nonwoven wwb of Claim 1 wherein the

nanofi ber |ayer has a basis weight of from0.5 gsmto

3 gsmand the ratio is greater than 20 nbar/gsm 3.

The nonwoven web of Claim 1 wherein the nanofi ber

| ayer has a basis weight of from3 gsmto 15 gsm and

the ratio is greater than 12 nbar/gsm 4. The nonwoven

web of Caim1 wherein the nonwoven web has an air

pernmeability of greater than 15 neters per mnute. 5.
1Thénreotipko verprigied aglon@hvai mick colmerisiigre ranelied e ieningsisignificant
nmﬁ’er df EXL?)EEQQ? W?th (t‘lfiarr‘,%teré ﬁ&%a@&e@i@fenﬁm‘i’eré}ﬁ‘ s&H hanofibers are made

perneabi ity of at least 75 meters per mnute. 6. The
framrmeslidimiibbllgion grogesprroamniiyag aeﬁtet)%féjro basi s wei ght of

t he Qpﬁ%gﬁﬁ%aﬁapm&§nﬁagn10.5 gsmto 15 gsm 7. The

nonwoven web of Caim1l wherein the product of

hy dr BhediFingadiug streaeiofeans pabimere dilmyand o a5t 750

mbar ¢ "B@ing BRltip¥ndtdiBers BomARk Rlylesit @lngonpri si ng the
nonwoven web oF Caim1l wherein the article is

sel ected fromthe group consisting of diapers,
training pants, adult incontinence pads, catanenials
products such as fem nine care pads and pantiliners,
tanpons, personal cleansing articles, personal care
articles, and personal care w pes such as baby w pes,
facial w pes, body w pes and fem nine w pes, and
conbi nations thereof. 9. The article of Caim8
wherei n the nonwoven web is a barrier |ayer.10. An
article conprising a nonwoven web conprising a
nanofi ber | ayer having a significant nunber of

nanofi bers with dianeters l.ess than one nicron,
wherei n said nanof bers are made froma nelt film
fibrillation process conprising the steps of: a.
providing a polyneric nelt, b. utilizing a fluid
streamto forma polyneric film and c. form ng
mul ti pl e nanofibers fromthe polyneric film




