PROCESS AND APPARATUS FOR PRODUCI NG SUB- M CRON FI BERS, AND NONWOVENS AND
ARTI CLES CONTAI Nl NG SAME Technical Field [0001] The present invention
generally relates to producing sub-mcron fibers, and nore specifically
relates to a process and apparatus for effecting formati on of sub- mcron
fibers by fibrillation of polymer filnms, and nonwoven materials and
articles incorporating them Background Art [0002] Continuous and

di sconti nuous filanment spinning technologies are known in art, and are
commonly referred to as spunnelt technol ogi es. Spunnelt technol ogies

i ncl ude both the neltblowmn or spunbond processes. A spunbond process

i nvol ves supplying a nolten polynmer, which is then extruded under pressure
through a |large nunber of orifices in a plate known as a spinneret or die.
The resulting continuous filaments are quenched and drawn by any of a
number of rEROCESS ANCHAPRARATAIS $ORPRGDIETINGE UBMITRONFUBERAND det
roll's. The continuous filaments are collected I b upon a noving
foram nous surface, NGQMWALVENG HEHCLESHGS WiEn nore than one
spinneret is used in line for the pur pose of fornlng a nultl-layered
fabric, the subsequent webs are coll ected upon the uppernost surface of
the previously formed web. [0003] ThehmwealtFieldown process is related to

whr oi n, 0O Eon BF R ERebfion ab ol 2o s oo BEBSREER AFRECT, |

spi nner etan@ rm&eespebhfugallw@més to'ag:ascessmng@@amma faanelfrecamgén cragtien ofsub-
filaments as they it the d The ch.that the

ner s st IS S
f or med fmltarﬁeﬁtb@r%taséf'ew@éwfrp@am%r 5 B RapEv S eEeAS PR L s 1 hat
m crof | be{3rpckafihg L er m nate | engt h are produced. This differs fromthe
spunbond process ~wnereby the continuity of the filaments is preserved.
[ 0004] Spunnelt equi prent nmanuf act Backajountnidini es, such as Rei f enhauser,

[0002] Continuous and discontinuous filament spinning technologies are known

in art, and are commonly referred to as spunmelt technologies. Spunmelt
technologies include both the meltblown or spunbond processes. A spunbond process
involves supplying a molten polymer, which is then extruded under pressure through a
large number of orifices in a plate known as a spinneret or die. The resulting
continuous filaments are quenched and drawn by any of a number of methods, such
as slot draw systems, attenuator guns, or Godet rolis. The continuous filaments are
collected as a loose web upon a moving foraminous surface, such as a wire mesh
conveyor belt. When more than one spinneret is used in line for the purpose of
forming a multi-layered fabric, the subsequent webs are collected upon the uppermost
surface of the previously formed web.

[0003] The melt-blown process is related to means of the spunbond process for
forming a layer of a nonwoven fabric, wherein, a moiten polymer is extruded under
pressure through orifices in a spinneret or die. High velocity gas impinges upon and
attenuates the filaments as they exit the die. The energy of this step is such that the

formed filaments are greatly reduced in diameter and are fractured so that microfibers



Ason Neumag, Nordson, and Accurate Products have engi neered numerous
nmel t bl own and/ or spunbond manufacturing nodels that offer a variety of
desirable attributes, such as increased pol yner throughputs, better
managenent of process air flow or polymer distribution, and inproved
control of filanment deviations, to nane a few U S. Patent Nunbers
4,708, 619; 4,813, 864; 4,820,142; 4,838,774; 5,087,186; 6,427,745, and
6, 565, 344, all of which are incorporated herein by reference, disclose
exanpl es of nanufacturing equi prent for the processing of spunbond or
meltblown materials. [0005] There is an increasing demand for articles
pr oduced of irsieteroivate dengto ane arqﬁuttgds ubhigidiffera fronbthesspunhendipsesasér s of
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sol ution spinning. her rret hods of producing sub-mcron fibers include
spi nni ng”bﬂtq?réﬁ‘ger d| anet er -conponent fiber in an islands-in-the- sea
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fibers webs are desired due to their high surface area, low pore size, and other
characteristics. The sub-micron fibers can be produced by a variety of methods and
from a variety of materials. Although several methods have been used, there are
drawbacks to each of the methods and producing cost effective sub-micron fibers has
been difficult. Conventional spunmelt equipment arrangements can not provide high
quatity, low defect fibers and webs that are predominantly microfine including
submicron diameter fibers with narrow fiber size distributions.
[0006] Methods of producing sub-micron fibers include a class of methods
described by melt fibrillation. Non limiting examples of melt fibrillation methods include
melt blowing, melt fiber bursting, and melt film fibrillation. Methods of producing sub-
micron fibers, not from melts, are film fibrillation, electro-spinning, and solution
spinning. Other methods of producing sub-micron fibers 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 sub-micron fibers result.
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extrusi on, honogeneous or biconponent filns or filaments) and then
fibrillated or fiberized into filanments. [0008] Melt filmfibrillation is
anot her nethod to produce fibers. Anelt filmis produced fromthe nelt
and then a fluid is used to formfibers fromthe nelt film Two exanples
of this nethod include Torobin's U S. Pat. Nos. 6, 315, 806; 5,183,670; and
4,536, 361; and Reneker's U.S. Pat. Nos. 6,382,526, 6,520,425 and 6, 695, 992,
assigned to the University of Akron. [0009] Electrospinning is a conmonly
used net hod of producing sub-micron fibers. In one manifestation of this
met hod, a polyner is dissolved in a solvent and placed in a chanber seal ed
at one ef@od]th a MIflbrmmﬂ isga gmea'aheaksadf tekingdivets defineat intthat @ener end.
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quantities. Another spinning technique for producing sub-mcron fibers is

sol ut i onfiBerizaciste WpmeRtsig which utilizes a sol vent. [0010] One of the
ways to aeddejve hi gy tﬂb?ﬂ% |soéno%nér%étht)h't6f'p%otifde'flb%% W HHAES | S

t hrough hi gh-speed gas e., ose to sonic or supersonic gas velocities).
To obt ai pradused Swmi ma)mettraaudstban @ fluid tssusaddodom Ebersdravithe awlt filmedwo
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of the nozzle s t hese general criteria are known in the art,

meet.in
and i ncl aa¥i98ed éﬁhleééin'liﬁ'iﬁgy %S‘f?rbs Use of Laval type nozzles in fiber
formati ofpgyygg di Sct%ﬁgsplﬁﬂ&gws 'arbo%rﬁon@%ed'?ﬁ@tlhﬂd Pukddudiy s dRRfEBRA99981

A, and U S’ Pat 1 and 5 003. These nethods utilize
Laval nofibérssinene m@@e‘estapom nétrg%lmatmm m@ln@et s &isen!vechicR 8pvVetiI%Soni ¢
range. 8% tseét%d a%%%sﬁﬁj With %%%EP(‘J&% @aﬁw Y FbOLLd 4&Fn gbh o*?lur sts
into nul I CI I ne ber’s ey - genera use concentri I np ut

and Chanaeﬂhertgh@ferg:a% higél vottbgepotantiat isitheh eplied between the polymer so!utlon
and a collector near the open end of the chamber. The production rates of this process
are very slow and fibers are typically produced in small quantities. Another spinning
technique for producing sub-micron fibers is solution or flash spinning which utilizes a
solvent.
[0010] One of the ways to achieve high melt shear for a melt film fibrillation
process is through high-speed gas (i.e., close to sonic or supersonic gas velocities).
To obtain supersonic or transonic (close to sonic) velogities, flow typically needs to
converge to a throat (narrowest part of the nozzle where the velocity reaches sonic
levels) and then expands in a diverging section. Adiabatic nozzles (no heat gained or
lost through the boundaries of the nozzle system) meeting these general criteria are
known in the art, and include so-called Laval nozzles. Use of Laval type nozzles in
fiber formation are disclosed, e.g., in U.S. Pat. Appin. Publ. No. 2004/0099981 A1,
and U.S. Pat. Nos. 5,075,161 and 5,260,003. These methods utilize Laval nozzles to
speed up the gas velocities to sonic and/or supersonic range. When polymer melt is

exposed to such high gas velocities, it bursts into muitiplicity of fine fibers. They
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di scharge nozzl es, which can be non-optinmal from standpoints of equi pnent
| ay-out conplexity and equi pnment mai ntenance, etc. However, other nozzle
configurations, such as non-concentric (non-annular) |ayouts of nozzles
pose chal |l enges of their owmn. For instance, in a fiber or filanment nozzle
system where polynmer nelt and gas introduction proceed from separate
side-by-side units, a problemtends to arise when the fiberization gas
flows between a side with a surface or wall that is heated to a high
tenperature (e.g., due to polyner nelt flow introduction fromthat side)
and a surface or wall of an opposing side (for exanple, an gas
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nonwovens | hcorporating the sub-mcron fibers that are produced in a
uni que singtablesindpe drv@mlnglsemum bﬂDﬂquaﬂQZélﬁ canfigrratiops sypbas Wihe ke and a
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upstream into the gas side, polymer melt separates and is typically blown out as a
"shot," since the melt locally cools down and can no longer form fibers due to
insufficient shearing of polymer. When the polymer flow starves as the other end of
those variation, the shearing is excessive leading to undesired dust. New advances
have been needed to allow production of consistently high quality sub-micron fibers for
disposable articles in a more efficient manner at commercially-significant output levels.

Summary

[0011] The present invention is directed to high quality, low defect sub-micron
fibers and nonwovens incorporating the sub-micron fibers that are produced in a
unique single step, melt film fibrillation, high throughout process, and a nozzle device
used for this purpose. Nonwoven products are attained that contain high quality
microfiber content, which in one aspect exceeds 99% sub-micron fiber content, at
commercial scale throughputs. Increased polymer shear and reduction of polymer
back-flow or build-up problems otherwise teading to undesired fiber defects, such as
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shot devel opnment within a nozzle system are also achieved by the present
invention. Wth the present invention, high quality, mcrofibrous nonwoven
products having inproved barrier properties, softness, absorbency, opacity
and/or high surface area are provided that are suitable for a | arge
variety of industrial and consunmer care fibrous products. [0012] A process
for maki ng a nonwoven web has been found for producing high quality, high
out put sub-m cron fiber product by providing a pressurized gas stream
flowng within a gas passage confined between first and second opposi ng
wal | s which define respective upstream convergi ng and downstream di vergi ng
wal | sur ishokdevelonmenthiittin pologzater sysidm, ére alee aokieved by thepwsedeing@ntion: r uded

pol yrer on a heated. wall surf. stream
f1 ow ng Sd’ Hhine F?rﬁée@devedﬁ?é‘ab'@h qugi yeg?’%@ig%‘ssf'i"g%"g %ég‘%{ &egﬁéﬁﬁﬁer film
i nto subimpesived HaresrairepeitiebesditnesSoaRIrg iy, opaﬁmd/brafmghfserface area
cross sectional area decreases in the di rect fl ow, and
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of gas flkgWus drBd@él@ enbodi ment, the gas passage conprises a first,
upstream section into which the gas enters froma supply end, a transition
region, M2 secoAdroersarfor meking s senweven welitiestbaandogad fon yadueiad an exi t

end, mhe r tlon to

t he seco s%l%‘e{llﬁlohgqhgi%bp ﬁpéuégﬂéfgﬁg?ggé%&r@%ﬁg? &iﬁ%tartﬁegédr he second
section. stream fwmg oithar a gab paksayd confinedfbietweers Gt iaod setondhepgaang padisage
has a nonot oni cal | ecreasi ng cross-sectiona m t he supply._end to
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monot oni G WhicH HGYR@E hiak :QWM@Qttb @F@J.d@é%xfra@m bb@'rﬁér&mﬁldri #hestegi on
to the exit end of "the second section. | east one flow ng nmer fluid

st ream i wailsarfene thadds inmpivagh buthe @&%ﬁtr@af@ ﬂ%ﬂ@]&]’éﬂ'%@ﬁ)ﬂ?@ﬂ%% e which
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conpri si NPoss'Bmboareént! tHeaiss passage comprises a first, upstream section into which
the gas enters from a supply end, a transition region, and a second, downstream
section in which the gas flows to an exit end, wherein the fransition region fluidly
connects the first section to the second section, and the gas passage ends at the exit
end of the second section. In a particular embodiment, the first section of the gas
passage has a monotonically decreasing cross-sectional area from the supply end to
the transition region, and the second section of the gas passage has a monotonically
increasing cross-sectional area from the transition region to the exit end of the second
section. At least one flowing polymer fluid stream is transmitted through at least one
bounded polymer passage which ends in at least one opening in at least one of the
opposing heated walls. Polymer is heated sufficiently in transit to make and keep it
flowable until introduced into the gas passage. Each polymer fluid stream extrudes in
the form of a film from each opening. Each extruded polymer film joins with the gas

stream and the polymer film is fibrillated to form fibers comprising sub-micron fibers
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-5 exiting fromthe exit end of the second section of the gas passage. For
purposes herein, "nonotonically decreasing cross-sectional area" neans
"strictly decreasing cross-sectional area" fromthe upper (jnlet) end to
the | ower end of the upstream nozzle section, and "nonotonically

i ncreasi ng cross-sectional area" nmeans "strictly increasing
cross-sectional area" fromthe upper end to the exit end of the downstream
section of the nozzle. [0013] Although not desiring to be bound to any
theory, it is thought that the introduction of heated polyner as a filmon
a heated support wall which in part defines the gas passage wthin the
nozzl e asxiiegdrdnbét drdt endofitilessecond sestiirbbiethe gasgiassage Fanmdireesesr ol gas

fl i ity h d. h that the fibri i
b oduct . REEPLeABaRER IS Hesr TR e Marre M ELRES even
excl usi velass-ddttibhal el fibertas upbbe(niet)zmdrtanae loléisid of the appearmcul ar

embodi ment, each extruded polyner filmjoins with t hg rga§ st re,%n '%n t he
second s8eEFBBesoN. RadgRONSiRHaElY IngleasingtGresfisectignabarean @ esbsy RkictliYel t  in

t he seco%{égsqﬁ | o sQfsebhsn | yé%‘ef ér?ﬁﬁé‘tﬁga& EndRAHRGEH AR §1tRE dBWpBREaMVl |

rom: ) . .
has been found”to especra acilitate production of high quality, high
cont ent settian afrtba nokzklber s and resul ting webs at commercial throughputs. In

a furthe odi ne e Jlocatio e r . j j oi ns
Wi th thei%@gﬁi o I BlnoldiFae! GEHNBALES G 18 %Wﬁgggﬁe'gﬂaggpﬁﬁ kBl oL
best ?uatdtquiidgebsh@md?w@wmmdd ﬁm?nm@eatg@gu?ﬁo@ml whid:ieinmtf tﬁeﬁnes
geonetry I NnCl udil n angl.es an ransi tl Qns an ressur 0] .gas,
and is p#f@@@%@%ﬁa%sefyﬂwath‘%ﬂ? e gpJerciad hefein mekeR s bleBimAGiEh as

for | ow gag coRfr6SHY fovf ARRGIMIBNS arddithdnSed hed BT 2Lgh tierak e dblitatéd abéover ,
downstream half of the second section such as for high gas pressure

condi t i opgnduchhas jraprovedisize @atibttionihat is waighteshiowssts aeis gvenmxclishehon at
| east on f € i . wal I s, the gas pressure exceeds about
10psi, a dt?' é"té‘ﬁe’Bgip‘gﬁnﬁiPé'S%g%g% opening fromwhich polynmer film extrudes
is |ocatfabid) a secongartidolsnstmzaimbai, Baoh ekinedad polyches dibh ijains witbtthegast he

transiti (s)t?eerlr(ral ri1?hne gggontdhseec i)éintof ?}{]edggg pgst.]s%gse?(f‘ﬂgqntﬁg L}citigtr‘ll'of He B&)S/m%?%lt
in the second section of the nozzle system on a heated diverging support wall has
been found to especially facilitate production of high quality, high content sub-micron
fibers and resulting webs at commercial throughputs. In a further embodiment, the
location where the extruded polymer film joins with the gas in the second, downstream
section in order to produce the best quality fibers and web depends on the type of gas,
the nozzle geometry, including angles and transitions, and the pressure of the gas,
and is preferably located in the upper half of the second section such as for low gas
pressure conditions, and is preferably located in the lower, downstream half of the
second section such as for high gas pressure conditions. In a particular embodiment,
only one polymer film forms on at least one of the opposite heated walls, the gas
pressure exceeds about 10psi, and each polymer passage opening from which
polymer film extrudes is located in a second, downstream half of the second section
between the transition region and the exit end of the second section. It has been
found that the second half of the downstream second section can provide an optimal
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found that the second half of the downstream second section can provide an
optimal -6 gas velocity region where nelt filmfibrillation is acconplished
very efficiently, yielding higher quality mcrofiber product. [0015] As
anot her advantage of the present invention, increased sub-mcron fiber
output is obtained with | ower gas demand. Lowered gas denmand nakes it

possi ble to reduce energy consunption and/or use smaller scale unit
operations to still provide commercially significant sub-mcron fiber
output levels. In one enbodinment, the gas stream and polyner fluid stream
are introduced into the second sectlon at a gas stream polyner fluid

st r eam mgss vElowity regien mdtsre nmatisfmt fitail atidroist actOntplisped vewdficiently, lviedding han
about 30;1; nore.particularly |ess than about 15:1. The gas streamto

pol ymer ?queﬁqgﬁwg ﬁﬁ@@fPF%V}fat.o is calculated as kil ogram per hour per

met er of (0@} streAmdnbtm@mvhh@ggaﬁtmpﬁe%gﬂt invehtidr graenses sitswrcrpar et er
of polymer fluid streamthrough all the polynmer openi ng ima he second

section 8pet ePyLs QbiasagMith |P‘G©"18ﬂ‘3 ﬂW“ﬁBQeL%‘?'ieﬂcﬁﬂsﬁe #fls, each
pol ymer n@@§§3@%9@§@&é‘8m&?¥ c%ﬁsurﬁ 6:‘; bndol l&sé shafeALtdIs uﬂ|t%’ﬁ§F£fenQ% kfied as

four tinmes cross-sectional area o the polynmer passage openlng di vi ded by
i nner pepromﬂaacommetfthelhpelgptﬁeanmﬁsm]}éooﬁéal‘ Pigiput leaplg. hyenaambedimelitet er of

Cnoh. P TnlESed SEEAH B ARG RR A0 Y 3E ST e e <etEhy S8oftpPia O- 100
ex?: §ﬁ§' :’ n?as bﬁeﬁm@bcﬂylhbﬁﬂ didamebar maks flow ratd wmerlemmagaeaoupemmgarttn@rly
po
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However, ﬁ&l?ﬁ}e‘?‘?lhmfeefﬂw Whhsf A dvitations %E%ﬁaﬁe@bg‘kﬁégﬂaﬁ‘ﬁ b@ﬁfﬁmw %aeb@[comss
| esser t or equal to the hydraulic dianeter ynmer passa e

openi ng. gpoeFamIthrasighr the gasinasaage Hekitpssamtpgy heur Dﬁén’tﬁé@ﬂ Qfd@fyrﬂ%rcﬂ
2552202 gy AT PR NERLL A e ety ace
wal |'s i n[g0M&]f i r stinsmota pm:cgleoafﬁtblodmdamty, eatih/pcnigmer hesdagestperdity M@y bent o
two hal ves I|¥\'1 wftttz] a%%%lrjéu!%qé{ame}/er c}ilarfr%ed as%uratlmes cross~sect|onal area of the
polymer passage opening divided by inner perimeter of the polymer passage opening,
said hydraulic diameter of each polymer passage opening ranging from about 0.001
inch to about 0.100 inch. The polymer film generally has a polymer film thickness not
exceeding the hydraulic diameter of the polymer passage opening. The polymer fluid
may expand upon exiting the polymer passage opening, for example, due to die swell
phenomenon without being limited by theory. However, the polymer fluid film
thickness almost instantaneously becomes lesser than or equal to the hydraulic
diameter of the polymer passage opening.
[0017] In characterizing the geometry of the wall-defined gas passage of the
nozzle of the present invention, a first bisecting surface, defined as an angular bisector
of the angle between the first and second walls in the first section, geometrically
divides the first section into two halves with about equal volumes, and a second
bisecting surface, defined as an angular bisector of the angle between the first and

second walls in the second section, geometrically divides the second section into two
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bi secting surface, defined as an angul ar bisector of the angle between the
first and second walls in the second section, geonetrically divides the
second section into two -7 halves with about equal volumes. The bisecting
surface may be planar or curvilinear, depending on the enbodi ment of the
present invention, as will be nore apparent from the detail ed descriptions
herein. In a general enbodinent, the bisection angle of the first and the
second walls with respect to the first bisecting surface ranges from about
15 to about 40 degrees in the first section, and the bisection angle of the
first and the second walls with respect to the second bisecting surface
ranges f halveabdtht al®ut @quabealum2e. Tlegbisestinghsurfacesmoyp ive¢ avariacupfilingss, gas
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wal I's may be a he other wall 1s a col |, wherein
t enper at aeeornst wakhewitbtreseadt o theasedoad Hisatigh surfaparanges chm @b@et 2 fo such as

rceoas. sHON ADUBMEER TR lhe BRI dad e oot o0 B YT TLT S

a hot rre[od'l'a}old Jhs opposing waﬂheﬁhedzleame)refplobjmédiaﬁmtmﬂjwadnmtommE;asthat

reduces process conplexity and enpbadi e hot wall in
[ ho S eaoRASSALE TER B R aibd Sy e riBay pitutner ety Bnaeor Alrerdtl ndte a an

angl e t hgmpoanags, fﬁe@%ﬁwgeéomél%eoﬁtﬂe@s%‘sﬁgéar@ﬁ@'atteb@oC0| dwall in
t he second section converges towards the rst bisecting surface at an

angl e t happroxingiely thecenmbsmpaature éypeyideosupdgtricltbetagrdales WiKeresgerh
bet ween cr'ﬁe(ﬂrgteérﬂi ﬁ’% ﬁ%ﬂh%ié&uhg%uhﬁée% Ia]n a?ﬂt ﬂﬁét‘(f@lén%&{iﬁleﬁt 'ote. of the

bi secting surtace e conver relative to
t he firsbopposegafg nmytbaaewmaallwem@ahéloﬂmraﬁmdws dlcddmallabvbetein 500: 1. The

R T e R e

to higher, and only the hot wall has at least one polymer fluid passage opening. In this
configuration, the microfibers may be produced in a hot melt/"cold" gas (e.g., unheated
air) fibrillation environment that reduces process complexity and costs. In this
embodiment, the hot wall in the second section diverges away from the first bisecting
surface at an angle that ranges from about 1 degree to 20 degrees, and the cold wall
in the second section converges towards the first bisecting surface at an angle that
ranges from about 0.1 degree to about 15 degrees. The ratio between the diverging
angle of the hot wall relative to the first bisecting surface and the converging angle of
the cold wall relative to the first bisecting surface may range from about 1:1 to about
500:1. The angle between centerline of each polymer passage and the wall containing
the corresponding polymer passage opening may range from about 10 degrees to
about 100 degrees. The polymer film extruding from each polymer passage opening
may flow with the gas flow along a polymer fiberization surface, which has an

orientation angle with respect to the first bisecting surface ranging from about 90
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about 100 degrees. The polyner filmextruding fromeach pol yner passage
opening may flow with the gas flow along a polyner fiberization surface,
which has an orientation angle with respect to the first bisecting surface
rangi ng from about 90 -8 degrees nmeasured in clockw se direction to about
45 degrees neasured in countercl ockw se direction. The length of the

pol ymer fiberization surface corresponding to each polynmer passage openi ng
may be | ess than about one thousand tinmes the hydraulic dianeter of the
correspondi ng pol ymer passage opening. [0019] In another enbodi nent, the
first and second walls of the gas passage are snoothly curved such that
the cur vaiegr@saﬂeaMedpapogjchgiawadilr@tibn to hbott 4sdegrees nurasuggtbivt hl y

wai s worerekhia8 BB g O Al e hOGr e BB RusdB o0 T on "o o

of the gasriesssmiing to £heh popeR Pasyald Spering heaysiesierd tismtabout avie t he gas
passage may be curved such that the hot wall has, a convex shape that

curves awMENgHReRtheduEhalis: ds!%@?#%j’?éfﬂﬁ PRIERSPORGHNG PRIYIBET BagRAYE GReling.-
concave ;@@f@ that |,CyRBEr é&%&ﬂ%ﬁthﬁ&ﬁ%}% S PRAR ofHE b§§?a§§agé evwed

fromw thin the second section in the gas passage. The ratio of the radius
of curvateg ameptiineutved swehithatdhe iservedidiewd the oppesiag wealis 1 thedsteadional | in

e 1R aPBiughs o SRS P SRR YGRS MRS SORRRY e Bp i baygbout

100: 1. Th reami as passage a

rate rang g éero@nfda&eoum irlthe regicagfamaglest drous- speﬁiorrmltearofttbe ghe pesSEHio)
hour per e nozzle used in the

kil ogra er. [0020] .. ro

descr] bod PEARBRRNOOFA i SRETROASIONRSLSS Boh B SAoR Meube METahe bRt
representse ﬁ&%ﬁl?ha@@%ﬂb@?@ﬁa@f tHall Bu RS Ty frérﬂ\{ﬁé‘%é@dhd diaectirityaitdcee
nozzle device is not limted to any particular type olyner material or

fibrill agnddhgasldamall bas akencare shapedbry awives éowdﬁﬁmsémbwcw ect ed
oot o SEFREL B RPLAFTBRRe D ATRIR SRR e i St vV e
air, nitrafenpf sireatare ef the Adtevajlde thayadies oﬂsmdaaseaaf fhengbld wajipe thérer eof or
B Bt o 80 B0 AU BB R TR S 1 e
gas stream is introduced into the gas passage at a mass flow rate ranging from about
150 kilogram per hour per meter {o about 3500 kilogram per hour per meter.
[0020] The nozzle used in the processes described herein for making nonwoven
webs comprising sub-micron fibers represents another embodiment of the present
invention. The inventive nozzle device is not limited to any particular type of polymer
material or fibrillating gas and allows for the polymer to be independently selected for a
specific application from amongst a wide variety of polymeric materials. Particutarly the
fibrillating gas is a gaseous material such as air, nitrogen, steam, etc. The gas may be
used as a single type thereof or as combinations of different gases. Additionally
suitable gases may include reactive gases or gases with reactive components, or
combinations thereof. In embodiments, the gas generally may be inert to the nozzle
wall materials. For purposes herein, the terms "nozzle system" and "nozzle" are used

interchangeably.



conmbi nations thereof. In enbodinents, the gas generally may be inert to the
nozzle wall materials. For purposes herein, the terns "nozzle systent and
"nozzl e" are used interchangeably. -9 [0021] The high quality mcrofibers
provi ded by the present invention are provided within narrow fiber size
distributions with mninmal fiber defects. The raw nonwoven web product
materials directly collected fromthe process of the present invention
generally may conprise nore than 35% particularly nore than 75% and nore
particularly nmore than 99% sub-m cron fibers. The standard devi ati on of
fiber dianeter distribution generally may be | ess than about 0.5 m cron,
particul 40081]l ess Thhdngtahoality migofibersaovitihd byrtbs presanbiryentionatd so nay be

oresent Tracies AR eredh FbRLER R S A ot B RIS HERRE L ol
The fi bern@nmye;bwabqﬁmﬁhetadamfna& difeally weliected from el gotesk bfrthepassengst
pol yol ef i ns, m des bi o r adabl

ol |
pol yur et HA @éﬁ?éﬁ !w@%go r'wawqr%éh%gg"%oP9ﬂ*CHf¢d§3&¥f%§fhzﬁ%,é@ﬁds
adhesi Ve%&@%a?ﬁ&ﬂéri;ﬁﬁ%?&ﬂ%ﬁ%%%%hﬁm%n B NBné sRPard addaticrPaibat i ons

thereof. The nonwoven web may be used in a wide variety of articles by
itself oﬂiamet@bdﬁtrﬁmtmrgamefaﬂydmebe hegsethpalabourf$ mmmmﬁtmlm?s be

used, 1 OfnaAATRIEs nlfhcll TheFesdRHEAloABRA By EElenah oRliRALAGT I Pes.

housewr ap con |on a €es, ng, battery
separ at onsicrofibea ivihe canrge @‘rmeﬁblawarfmers t'ﬁml mlea@tpamml,ona:ckml ie i ncont i nence

d t | duct f d d til
ampons. "BPSlsLed BN aa@e g A pavme” Rbrieasal e tpd apay of BTRHRRE OFar Sonal

care W pesiypiihe as s@ébfe&\fr@ﬁﬁamba%stadolwz@m% pPAXtars NRSyanidebeni ni ne wi pes,
and conbi nati ons t her eof her’ features and advantages of the

present P%ﬁfﬁ@?'%@’ynﬁ%mwﬁﬂf@ﬂﬁﬁyp@bii&ﬁeé\% BlKyHTeies. ASMY-owi ng det ai | ed
descri pt \0fhoxhARaAGE YERRNKHAGsI KLU N Efer cBRHAUNES RBPERERR ntdididBbers 1and

combinations thereof. The nonwoven web may be used in a wide variety of articles by
itself or in combination with other materials. The nonwoven web may be used, for
example, in filters, medical apparel, medical cleaning wipes, housewrap construction
materials, bandages, protective clothing, battery separators, catalyst carrier, diapers,
training pants, adult incontinence pads, catamenials products such as feminine care
pads and pantiliners, tampons, personal cleansing articles, personal care articles, and
personal care wipes such as baby wipes, facial wipes, body wipes and feminine wipes,
and combinations thereof.

[0022] Other features and advantages of the present invention will become
readily apparent from the following detailed description, the accompanying drawings,

and the appended claims.
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Brief Description of the Drawings [0023] FIG 1 is an enlarged generalized
sectional view of a nozzle systemof the present invention for formng
sub-mcron fibers. [0024] FIG 2 is a sectional view taken at Section 120
shown in FIG 12 of an illustrative enbodi nent of a nozzle systemwth a
single polynmer nelt introduction passage according to an enbodi nent of the
present invention for formng sub-mcron fibers. [0025] FIG 3 is a
sectional view of an illustrative enbodi ment of a nozzle systemwth

mul tiple polynmer nmelt introduction passages accordi ng to anot her

enbodi nent of the present invention for form ng sub-mcron fibers. [0026]
FIG 4 is a sectional view of an illustrative enbodi mrent of a nozzle

system i ncl uding a di vergentgllz_\%lgl on E.he g&l ﬁggr ntroduction side and an
opposi ng convergent wal | i ek ' ection according to
anot her i ment Fad. 1 1 enaRRI gdrivvatddosectionalfvaswriong rublersystem of i ber s.
[0027] FIG is a sectional view of an illustrative enbodi nent of a nozzle

system V\nthﬁﬁpf(@ﬁﬁvb@\fﬁﬁq’qn @qurﬁﬂ%géwg@“rfﬁ?q% anot her enbodi ment of the
present ﬁnt | ongfQr f ?é&%n%PQethg a SQ@t"o”‘n 1i(99}?<§:]m H 8G.612 &

secti ona w of an | ative enbodi nment a nozzle system including
a defi nedius@itmem@nﬂlnwﬂmammcmwlmg with aﬁmgieemoimﬁbm%ﬁﬁoﬂﬂdloﬂhe

pr esent |nvent|on f r formn e S

enl ar ged PEERAY A" P@\Ji? 8f' eé‘g%"o‘{lﬁh%sm‘g @Br%éggrginv%ﬁ% ﬁ?(])r nozznlgeSdsb Ten
accordingpérg. FIG 6. [0030] FIG 8 is a sectional view of an illust rat| ve
enbodi nent_of a nozzI e .systemwth a curvilinear bis ctlpgf sur f ce for the

gas passEfR8ln t heFlipst ischfvdivnal Vs anetnsteaive ssmoARERt & 7808 anot her
Foosa) ERel VER UGBSy AR kel PR i<
nozzl e embodiment of the present invention for forming sub-micron fibers.

[0026] FIG. 4 is a sectional view of an illustrative embodiment of a nozzle

system including a divergent wall on the polymer introduction side and an opposing

convergent wall in the downstream nozzle section according to another embodiment of

the present invention for forming sub-micron fibers.

[0027] FIG. 5 is a sectional view of an illustrative embodiment of a nozzle

system with curved wall surfaces according to another embodiment of the present

invention for forming sub-micron fibers.

[0028]} FIG. 6 is a sectional view of an illustrative embodiment of a nozzle
system including a defined impingement surface according to another embodiment of
the present invention for forming sub-micron fibers.

[0029] FIG. 7 is an enlarged sectional view of a downstream portion of the

nozzle system according to FIG. 6.
[0030] FIG. 8 is a sectional view of an illustrative embodiment of a nozzle

system with a curvilinear bisecting surface for the gas passage in the upstream and
downstream sections according to another embodiment of the present invention for

forming sub-micron fibers.
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systemof FIG 8. [0032] FIG 10 is a sectional view of an illustrative
enbodi nent of a nozzle system of another enbodi nent of the present
invention for formng sub-mcron fibers. [0033] FIG 11 is a sectional
view of an alternative enbodi nent of the nozzle systemof FIG 10. [0034]
FIG 12 is an isonmetric view of the nozzle systemof FIG 1. [0035] FIG
13 is a plan view of the top side of the nozzle of FIG 12. [0036] FIG 14
is a plan view of the bottom side of the nozzle of FIG 12. [0037] FIG 15
is an SEM m crophot ograph (500x) of mcrofibers with shot. [0038] FIG 16
is an SEM m crophot ograph (500x) of mcrofibers with very little or no
shot. [0QG®31]The f EHEA Bsa degtionbdieivoftdrealfdrgativeserabedinent nbthesseazd y dr awn
to scale. Si m#ﬁ?‘ énnunbered elenents in different figures represent
simlar CY¥NEENEHEIS $hiess indicated otherwi se. Detailed Description [0040]

Wi I e theogaRsent Fryer istNsédtionPEeRtdfRingl @strRivE ehsRIvhehtoM@anbatis  f or s,
there is shown in the drawi ngs and will hereinafter be_ describhed

pr esent | pysigreeicanatersberimeant Of)i‘hetm@sﬁﬁdémﬁt@ﬁ,fowot”ﬁ“W%ﬂ’_ﬂ@?@%&ﬁﬁﬁ- ng
that the g eRent M EC PRY §edt%ngpxg9® cﬁ%‘?ﬁél@%%ﬂ/e?én%bi%ﬁﬁa# iHel kAo Of
the invention, and is not 1ntended to limt the invention to the specific
enbodi nesystem ofskICatl€d. [ 0041] Referring to FIG 1, a general nozzle system

800 is depifted fo ing fibers, .and f n annul ar,
axi symmi@fc‘{]systehmﬁ%\‘m.w@? Iq \ngqugli%ﬁﬁ%/qg&y%ﬂ’g&eﬁlgmal.7001 from
whi ch gafowa]eam 3FiG. Rk plad viswl obHeetod siid of thie nozelezdféFiSedRi on 8 havi ng
a generalé | ows towards and thr transition

convergi ng geonetry and f ;
regi on 9 ‘éﬁ] t hen f@r_e“é'ésa @@F‘é’éﬁﬁ’@ﬁ?@r@mﬁ?§'d§rﬁft@§’(ﬁ8ﬁ%|§ Oi?#?(g econd
nozzl e sgggyAQn 10 h;q.' THisAENSE R dlcrShNRESIpH (gtgﬂi‘j"dfrrﬁichﬁz‘%@sewhﬁ%ﬁbﬂg the

nozzl e system through the eX|tMpI ane 1017 into the atnospheric environnment
m

900. The[0033] FIG. 16 is an SE icrophotograph (500x) of microfibers with very little
or no shot.
[0039] The features depicted in the figures are not necessarily drawn to scale.

Similarly numbered elements in different figures represent similar components unless
indicated otherwise.

Detailed Description
[0040] While the present invention is susceptible of embodiment in various

forms, there is shown in the drawings and will hereinafter be described a presently

preferred embodiment of the invention, with the understanding that the present
disclosure is to be considered as an exemplification of the invention, and is not
intended to limit the invention to the specific embodiment illustrated.

[0041] Referring to FIG. 1, a general nozzle system 800 is depicted for making
fibers, and by way of example, an annular, axisymmetric system is shown. Gas is
pressurized in element 700, from which gas stream 3 is supplied and enters a first
nozzle section 8 having a generally converging geometry and flows towards and
through a transition region 9, and then the gas stream enters into and expands in a
second nozzle section 10 having generally diverging geometry before leaving the
nozzle system through the exit plane 101 into the atmospheric environment 900. The

-12-



transition region 9 represents a narrowed throat section of the nozzle in
whi ch the upstream converging section is transitioned into the downstream
di verging section. The transition region or throat includes the small est
cross-sectional area of the nozzle. Polyner nelt is fed froma pol yner
extrusion body 801 or other nolten polynmer source to the gas passage 802
or interior of the nozzle 800. As indicated by the non-limting dashed

| i nes 804-805 depicted in the figure, polyner nelt can be introduced
anywhere in the nozzle 800 provided that a polynmer filmis provided on an
i nner heated wall surface 803 of the nozzle 800 that is inpinged by the
gas streaansitibhoeging Swiephesentshe nagawepdbssd se®@m ofehé morriedn whidhi thei | | at e
the polyner, filminto.sub-mcron dianmeter fibers. 004 rrifng. to FIG
o aP hoy Ipatregnrs e A Fodlods BeBRPBRETnik R St GhyelB g sRbth

parti cul ghkftrdreiiwpvesioprardbeias ireQiRs thk Renebt dfoss-eactibraimate of themerslel n
web or mat form according to enbodi nents of the present invention. The

nozzl e sy9heRenmehufedfromtpgolynaepxiessionbegyil Fr @t@éé‘”cﬁ Enar S Chay
of  examp fhe @a&&é%’é@b a;g)lz%r%t%?igﬁémh% rﬁ&ﬂé‘édq?%ciﬁéi_cbféooow%&-%ﬁihgm 1
al ong a curved, "straight or other geonetrically-suitable polyner
passagewdgsken ingn84rB05 napictedhingbe fighte, 0l enermplt gae b igeduaad awmwhere

bi sects S t i | i L6t

seoti on B heiniafe 85 HEVR A ERATE R sGrartef Rl ab i etfed Wl g
c?n be) aBpu:Ta@é g@f@df thef nddxie ﬁ@@ﬁ&itﬁ\gigyﬁh@@d By gwe{@as Bﬂr?m&?ﬂc%inlg.wi@r?eﬁﬁr ally
pl anar sl oped surfaces, . then_ the bjsector 7_is, ane, le e
opposi ng9RRIPASSAIfR %@?,te’fﬁf%\‘%tﬂ W_%rﬂlé’t%g}ﬁ FPQMBGE’C"EBH@%E??T"@C%‘r‘#'ﬁ@g?ertﬁp@ﬁ't he
bi sector [gp4 2 | ORGidrHAl BAFIGVY, B nddzie EPRYMAT R iIRRRRIEMELrThaRRg general |y
pl anar walls, then space-apart upright forward and rearward sidewalls are
al so pr oigrefibersaand panisstarymenumyesi nigddsts sempiigingssubsmicson digmetsn 61)
effectiv ; e r S i LWk G- ght
manner e i B G et (8 RE PGl o im HAmBARSGIAE profbr ool )
cor r espondrzig sistewat ghswden V@l 2 depicts aisyamdinic gaspasdeyad, by WaBof 2 to

inmplify this, illustrat] . [ 004 Wth furth f to FIG 12.. th
S, nosSKamBIRs AMEG st Eamaz bnintoAush i arEEh SYFRET ) alidvautee | e
and a f ospaigHt 6f EiRergbdmétticalliiSuitddlé Hofien sé4geRhg 2D0I Rﬁd’nb?inéry

fluid-ti g.ht manner toO opposite ends _?210/ 1211 and 1221/1222 of die
isecting axis or plane 7 geometrically bisects the space between the opposing walls

51 and 61 in the first section 8, and also the opposing walls 5 and 6 in second section
10. As can be appreciated, if the opposing walls are rectilinear (i.e., generally planar)
sloped surfaces, then the bisector 7 is a plane, while if the opposing walls curve to
provide a continuous concentric surface, then the bisector 7 is a longitudinal axis. If
they are opposing sloped generally planar walls, then space-apart upright forward and
rearward sidewalls are also provided that connect the opposing sloped walls (5, 6, and
51, 61), effective to complete the enclosure of gas passage 4 in an fluid-tight manner.
For example, a rear side wall 43 is indicated in FIG. 2. The corresponding forward side
wall is similar but not shown in FIG. 2 to simplify this illustration.

[0043] With further reference to FIG. 12, the same nozzle system 1 is illustrated
in a manner showing rear side wall 43 and a forward side wall 44. The walls 43 and 44
are joined in a fluid-tight manner to opposite ends 1210/1211 and 1221/1222 of die
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-13 conponents 121 and 122, respectively, which include the above-descri bed
opposing walls that define the gas passage extendi ng through the first and
second sections of the nozzle. The die and end wall conmponents can be nade
of material, e.g., polyner, netal, ceramc, etc., that can be shaped,

e.g., by nolding, casting, machining, etc. into the appropriate shapes,
and are conponents which can tolerate the mcrofiber production process
conditions, such as described herein. In FIG 12, the location and shape
of the stacked dual -funnel shape defined by the opposing walls is traced
with imginary lines at the end walls 43 and 44 to facilitate the

i|lust rabbmponahﬂshmigﬂmd HZMrbSpéIdeivebypmhe:cti iatlade tiabboveedesmiibd|dppos®gand 44

cl ose off a e4andth nd,.f or rd i ds of
The moss 1S St HRrE ie BeninetaaeeXabing Hoian 35S s HHE e ARESEUDREZ S e
defined B MELie. UNREdie RAMDAD] é@ﬁp@ﬁ@nt@fcadltﬁasméaé ofAthtdrial, e.gf, qﬁ)nmén, vely.
The nozzle exit 42 is space defined between | ower edges 500 and 600 o

di es 121”&1’6@’ @Q@miﬁ ipethateanpe swped) e @mP@'%d’aﬁfzﬁn%HB@\P'"H”’H@Z?tFe'”ﬁ%I et
FIG 13
Cross-se @édl% g% d&%%?ﬁﬁ%ﬁﬂ% ca?%iér%ecﬂe%i%ﬁ)ﬁb@r

defi ned nozzl e exit cross-sectional area
1002 (i nnrq:mchdn lpyoaases;sndmons oned i dasarihedherein.ln et ’Iﬁeiﬂleti@@@@@rﬁ%ges

- espoct i onye Stk A B L BRRT U Lo 10 GhigsndREl Bl |
FIG 13 imagaiyines s digibnd Waqsasseemumﬁﬂacmte&atﬁ@mastdatiomedhmgmﬂmn be

opposi ng wa | ocati ons 1004 and 1005 é)l ndi_cat ed by hat ched bnes | o at ed
o ween_ ABBIECIEP TR 198 ABIE A8 AL PP RTT 18§98 PgsErag AA@NAGHS e

shown i nafd Grwhitd | bppdsl d S HAb %%z|eCA9$|§rs%@€éd AraG. apemelRfer d@fzzi@ed

bet ween opposi ng ocatlons 1007 and 10 (|nd|cated b¥ hat ched |i nes)
| ocat ed lnéetwleis sphee defined belwveanagins e@gaﬁ@'lﬂt?@drﬁ)wzq?féﬂ%&"? and @R t he

et e [RephERr Tl pub s O AEER bl A5 SRRSOSR AfThdte "o
l'i nes. [a@é51]21ﬁawd 122)stspdatidelyt he cross-secti o_nal area of the f| rst section
go:/vf]s'? ?g[r{)?ﬂ rect i lglbeérbeﬁ,i\%ﬁ ? 58 !)\%aas F]OZSZ g ?&lgtnérbsasusgct%%g} 5%%0%1y In the
(indicated by cross-sectioned area in FIG. 13 defined between edges 610 and 510}
and nozzle exit cross-sectional area 1002 (indicated by cross-sectioned area in FiG.
14 defined between edges 500 and 600) of the nozzle inlet opening 41 and exit
opening 42, respectively, defined by the die components 121 and 122. Also shown in
FIG. 13 is an intermediate cross-sectional area 1003 defined between opposing wall
locations 1004 and 1005 (indicated by hatched lines) located between nozzle inlet 41
and the transition region 9 of the nozzle. Also shown in FIG. 14 is an intermediate
cross-sectional area 1006 defined between opposing wall locations 1007 and 1008
(indicated by hatched lines) located between the transition region 9 and the nozzle exit
42 of the nozzle. In FIGS. 13 and 14, die edges defining the gas passage that are not
visible in the given view have locations indicated generally by dashed lines.
[0045] As illustrated, the cross-sectional area of the first section 8 is decreasing,
preferably at least substantially continuously, in the downstream direction between the

inlet 41 through intermediate area 1003 and further until reaching the transition region
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inlet 41 through internedi ate area 1003 and further until reaching the
transition region -14 9. The cross-sectional area of the second section 10
is increasing, preferably at |east substantially continuously, in the
downstream di rection between the transition region 9 through internediate
area 1006 and further until reaching the exit opening 42 of the nozzle. In
a particular enbodinment, the first section 8 of the gas passage 4 has a
nonot oni cal | y decreasi ng cross-sectional area 1001 fromthe supply end 41
to the |ower discharge end 410 of the first section 8, i.e., the beginning
of the transition region 9, and the second section 10 of the gas passage 4
has a m)lgofr beiceads-sectionalr eraaiof ¢hee sesmdssxtivonalis aroeeasiiig) réfepably lakleant r ance
420 or nni of the econd section 10 e. he | r_end of .

(ransi 1 SAbF@GRd eiREouRE Btbe SERaSHRaBrfRiSh beliar GEHarBHCIGboiPRS
criteriatgbgh? aﬂ@rm@@gtel aﬂeb h@obcaddomfrtﬂgr @@tﬂlréa@ﬂa@ theesiosharamg &2 of tHde

present invention. [O eerrlng now t o , multiple polgmer fluid
st reanms zoaigolmwaﬁ@ulawﬁmmwt bﬁélmtrS@ﬁt@ryfiqumﬁ@@ﬁpaﬁa@% #®8pondi ng
pol yner p t 2965 the The
nunmber OHH (Pé/wrrééil ?ﬁﬁggg@ﬁg%ﬁ%&aﬁﬂ?l A??é r%btsgﬁv ot er t "ﬁé@‘i pr%ctel cal
constrai Imeeroﬁs@aggwend A0 2 zif ¢hes fitst apctioh Pries, sihmbnghhr@mof thertensit®ni s

i ntroduced .WI ssage,.4 dflows in a di 0 upstream
nozsl e SERATOR. 8 AR e ntie | Brpr e Bas rasfade s e Baritebl i “Bect Fon

10. The frdr6dsin@Bebs8aReiehA RPOS HDG2 Wl méent@r@@m@ﬁ)églmmhg gefttd on 8 and
a second section 10. The first and second opposi erge in

the firsteeyit sentiog Wdhar dke tayeer qndaqférqnsawnrrggioaﬁa? the, %'é@ﬂg é?tq? _
whi ch is é%d‘@écﬁﬂw THESS BriFELdISN o udFindAS foIW@@Q@dﬁon@ls measur e_d In

a di rectl on nor nal the 1 magi nary bisecting plane bet ween nozzle inlet
41 and neawlogirasmts Oﬁime p’ﬁassﬂtlheemﬂmmat section 9 connects the first

otner ARIRLLcy SRERDING REVBEIGT RoPiuRLbEV R B0 IMEORISEREV R 1O [ N
t he secomgrogiecéd @ondiirentlyrirdriinsultiple ustresbomding bb@n‘iémsﬂro@.e:ﬁ:bnqms@agm a

conti nuously,. pr reSS|ver decreasinh cross se tio 65 neasured
bet ween ?ﬂ@g‘@ﬁgé SieRg 'WaI9es @PSQE\%%’G&. gr’ﬂ merrrll%ud Streams Ts not

limited other than by practical constraints of a given nozzle set-up. A pressurized gas
stream 3 is introduced within gas passage 4 and flows in a direction 30 from upstream
nozzle section 8 through transition region 9 to downstream nozzle section 10. The first
and second opposing walls 5, 6 comprise first section 8 and a second section 10. The
first and second opposing walls 5, 6 converge in the first section 8 towards the
transition region or throat section 9, which is the narrowest cross-section of the gas
passage 4, as measured in a direction normal to the imaginary bisecting plane 7
between nozzle inlet 41 and nozzle exit 42. Thus the throat section 9 connects the first
section 8 to the second section 10 and conduits gas from one section to the other. At
least one of the opposing walls 5 or 6 diverges from plane 7 in the second section 10.
in this illustration, the first section 8 has a continuously, progressively decreasing
cross-sectional area 65 measured between the opposing walls 51 and 61 in the gas
flow direction 30 from inlet 41 to throat 9. The second section 10 has continuously,

progressively increasing cross-sectional area 66 measured between opposing 5 and 6
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flow direction 30 frominlet 41 to throat 9. The second section 10 has
continuously, progressively increasing cross-sectional area 66 neasured
bet ween opposing 5 and 6 -15 in the gas flow direction 30 fromthroat 9 to
exit 42. These cross-sectional areas 65 and 66 are neasured normal to the
pl ane 7 between the opposing walls (i.e., 51, 61 or 5, 6, as applicable)
inthe direction of the gas flow 3. The polyner fluid streans 2 | eave the
pol ymer introduction passage 200 or passages 200a-d at the pol ynmer passage
openings 20 and flow out on the opposing walls 5 and 6, and are conbi ned
with the high velocity gas stream 3, preferably in the second section 10
of the gasthragsaimy directiom 3Ofront thioat 2lib,exit.42. ,Thpeé proes- swltmnabareia$1§5t he

ol yner e openin d vuIetsmthefor r
D hir i < Bha e e TR BoE sRTDaRe Jo Plee 4 beEEn g DebPRnoaiaet e Sty &P
fibrillaged é@a%ﬂfdébfé ) e e é?e&:%wtﬁé ggs mbmewﬁh@mj[@rstréa@@rzsaeah@t
are collected below the nozzl eeoélstem as a fibrous web or nat materi al

13. The #Hibelymesintroduetion aesegeotOd on passeges 2ORaEoatRE POMMBPASEREa M 2
be di f
may be b&ﬁ.ﬁsgbgw plgtngﬁ‘teh%%gzdsﬂﬁf\%bﬁ?f‘)%n RASPAGRS ARk wphftmﬁ gas

passage ibrilTated polymner
f or m of h@frtwmmmtysgasrstchm Bepreferably ihithaseodrsd sectionl 10 ofghe dasIpessage 4. | due

F s L R R R e

respecti vielists :hrihé lﬂﬁl‘h @ﬂ’@ﬂﬁm @eaﬂ»erwfsenmlmrmry doredlost mcﬂmr f0idb Tawedil@00c
are respectively issimlar %mer types from poly ]J{wd streans

200a andopfioes aﬁeﬁ@r*!lﬁte@rtedgrméeem Wrapﬂﬁ—ag seevmfﬁr%diameﬁ%ﬂ bers hial SR nt
fibers, %HéHPéc?bélBﬁFthB r&ﬁ%l‘e)/sggﬁr{éﬁr%h?@ﬁﬁbufs'»@@d 8r mTahﬁwdtélﬁéM@J%bcaan&Intt he

pol yrer fhe sec nozzl e systemon a heated
di ver gi ngf Etlnnﬂkabom ofvéilnts hafrobepolyen fidid sireaspe? inzay e diffecentidepesdipgdduct i on

o e Bk Y Hhs50h B S Babidt 3, A st g e plEhamet
passage ﬂbr_iliaaéﬂ palyted viddlt inrthe iehm bﬁcér&tmubabr discrdtbenelgfanments or melt
Mot nobgHE g ngiects GHeeRBNeSBRBSTAG! e | BaTLEAT-20PRe00 AR br.
mul ti pl eppRRRIMGSe Wintiteil iRl Ry R er ﬁ«iéhthgﬂ Atfrcth Dag8addie200a and 200d,
respectively. In such embodiment, if polymer fluid streams 200b and 200c are
respectively of dissimilar polymer types from polymer fluid streams 200a and 200d, the
fibrous web material may comprise of multi-component fibers, or more specifically
bicomponent fibers. The introduction of the polymer melt in the second section of the
nozzle system on a heated diverging support wall has been found to especially
facilitate production of high quality, high content sub-micron fibers and resulting webs
at commercial throughputs. The polymer passage openings 20 into the gas passage 4
can have oval, round, rectangular or other geometric cross-sections. There may be
single or multiple polymer passage openings into the gas passage on either opposing
surface/wall. The single or multiple openings in the preferred embodiment are on the
hotter sides, the polymer melt-side (e.g., see FIG. 6 described in greater detail below).
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hotter sides, the polyner nelt-side (e.g., see FIG 6 described in greater
detail below). -16 [0047] Referring again to FIG 3, it has been found that
the location of the polynmer passage opening 20 for nmaking high quality

fi bers depends on the type of gas wused, the geonetry of the nozzle
sections, and the pressure of the gas. In one preferred enbodinent, the
pressure of the entering gas is relatively low, |l ess than about 10 psi,
and the extruded polyner filmjoins with the gas in the upper half (50%

of the second, downstream section 10, indicated as section 101, in which
polymer nelt is extruded from gas passage 200c. It has been found in this
case thaf0o04® uppeReﬁahhgagémﬁbéﬂdbﬁnﬁhae&meaémmmﬂﬁ&kﬁuibnamﬂ1maheprovide

t I I t f brilla
acconpl | AL aFast pEeRRB I oy MEke-gER ALY Mgkt Fenerts ot bie es obatuct
Consequenisky, thbbe‘oﬁwe@ryﬁﬁ&ﬁ@hb@ﬂe%’é@ﬁ&hmﬂﬂ thd pkduesortteigdy. essng e of the
entering gas, exceeding about 10 to psi, that the extruded polynmer film

joins wiPrefefrpd e@@tpdirneﬂhém @Kﬁéﬁur%@‘vmgﬁné%rmgr@asrls rsiebyelyiow Hesskednd,
downstre n sWhi ch
ol wrer - GEpge 3 Paand the LI S0 S AETEIRS Bin e Ghs FRRLL cARd (30

i ncr easedf thehseqondf émwasirebamaechnn ﬂ@rlnﬁloawdra}? sadtienddd, inghisbippiwenersnekbans

and to pASHBEREAN Bap BN gHoe Pangett (RN Ra cBlp ud n BRAERA

fibrous wetheldowsditdanase&drveedtionFIoEn é’r‘o@sdermf}’o;btﬁnemaywa@cityoég@n pil e of

| oose fibers or alternatively a self-supp ortlng unltar\é E&l@{ hﬁyers
dependi n¥here Msitdiadibridalien lsléiﬂﬁ‘@”ﬁ%éhe%geﬁyeﬁ%% B yeeldipg Neher SMalist ance

100, andgaofiget ;2'8 dhde Co%?iue%t@a}{ i@k %‘Pef@?reg%%dl r%@n?ﬁ‘a tAe ré%é '69 pﬁéé@ﬁﬁé ate

web to forman I't1onal I"ection of the fibers discharged from
t he nozzbét@wtemggmwmeedmg@boe:t QO to dAtnsi, ahattibetextj'udwl@@tyfmréflratwnm ded

by a vac nt he
Y o <2 MATP B8 DE RN, Pl gt TP Fhe ol SRRy koRrt he
fiber cohlDeticagedsas tmﬁaiheemafyerl@ctlen g0, in wigsth potyntmrl rheldty @dsidedifcim a
vacuumpulls the ers ntothe structure. It can al so Icorrgri&)?.a.
pr ef or ned?F PEFIAEE PéJanH@?%{i@ It icrerssd: e Pl hIOCARCTLIY IFRRE ¢ he
nozzl e sy &dm §ﬁd1p19@rr%fr s€r§§%tﬁ1§{/éé’dédvﬁétream, i.e. from passage 200c to passage
200b to passage 200d and to passage 200a for the highest range of gas pressures.
[0048} The fibrous web 13, such as shown in FIGS. 2-3, may be comprised of a
pile of loose fibers or alternatively a self-supporting unitary web of fibers, depending on
process conditions such as temperature, collector distance 100, and so forth. The
fibers may also be deposited on a moving substrate web to form an additional layer.
Collection of the fibers discharged from the nozzle system 1 may be done, e.g., onto a
belt or substrate 300 aided by a vacuum underneath the belt or substrate or other
means to keep the fibers deposited on the belt or substrate until further processing.
The fiber collecting structure may be, e.g., a mesh or belt across which a vacuum pulls
the fibers onto the structure. It can also comprise a preformed fibrous web. It is
obvious to those skilled in the art that the nozzle system can be of essentially slot

design or of annular design with minor modifications. Although FIGS. 2 and 3 show a
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design or of annular design with mnor nodifications. Although FIGS. 2 and
3 show a -17 nozzle with essentially flat and symmetric geonetry, that is
shown only for sinple non- Iimting illustration purposes. [0049] FIG 4
shows nore details of a nozzle system1l, and in this illustration shows a
systemwi th a col der apparatus side that is bounded by the col der first
opposing wall 5, and a hotter apparatus side containing the polyner nelt
conponents that is bounded by the hotter second opposing wall 6. An axis
or plane 7 geonetrically bisects the space between the opposing walls 5
and 6 in the first section 8, thus also defining the contraction bisection
or hal f - awngtlesvith es¥ertial\afdbtyand eniesieciacmmetan ghat ia shewn lbetyveerintp!é nand
89.5 degrees, eferabl between 1 and 45 degrees, and nobst
preferabwg’%gl&ﬁgﬁ“ ‘degrees. In one of the enmbodiments the

bi secti opogyd)s  abpus. aSQh@lﬁgWé defdie &Wz@sy\@éﬁn © a@huwmrggmufsfrgrmt he
axis or plane 7 in the second section 10, while the overal

cr oss- seShPWAA Syatana veh @ﬁobﬁéa@@%‘am%&a i$ howned %setr@rﬁpl%%étrﬁton 10, as
d N
ToGSLT 20 obBodnd it AR I RORE adeRrtiIe o afka PR ReRlor i MLRYomBRLH 1Y

opposi ng thatlislbounddd bybtheshaftareseabhy opposieg eialld. vint #xis es plemB 7 gearhetrigalis or
pl ane 7 t The

b1 %o Bl R aRege Dtaden M shsia Va4 316 Fin' BBl Seeid hbul AR 19,

t he aX' 5 definiBh e cantrSotioRhi§EUtBATor RRERARIIEW: Watdierablyl iy @fs@d&t%n amgeangle O
is zero if the opposing wall 5 is parallel to the Dbisecting axis or plane

7, and nbghyeend Bfaridi89.8 degreas: giaig pr@‘ﬁcat;bbbetwaﬁ@ 1 gng 45idediesse PHdnBost The
oot 1-ptgecly PaeRocts A H 0BG otk bEB. SN FO R da®E 5T ane

7, or prabeutedl yedrees) TI@@oppoeﬂng Walllmﬁvéﬂges fidpo the 2Xs deglaeesy inl the@eeond
enbodi ment this_ diver proxinptely 15 de rees., The

opposi ngSagtian ¥, I’Y‘é{ﬁieég!@R@F@?@f@s%fﬁﬁw@qahgfeas%m @Pekﬁés passe ?ﬁa‘ﬁ B®out +45
degrees ggtHd d&tibA 1@%3%{#@3&?@(5 M é‘ﬂﬁe@t&orph'émpéi &b ﬁ{éﬂ‘@ilré/ct*&ﬁ%oaof eTRY, 91 Ng

angle that 1's from about -45 degrees to about zero degree. The sum of and
0 shoul dagiuefestbingrassess allavwibg the gad tadexrand after dbe throgosendign&ed hepol yer
s opposing colder wall 5 is generally converging with respect to the axis or plane 7 at an
angle 0. The angle j3 is measured from the hotter opposing wall 6 to the bisecting axis
or plane 7, and the angle 0 is measured from the axis or plane 7 to the colder
opposing wall 5. Therefore, the angle 0 is zero if the opposing wall 5 is parallel to the
bisecting axis or plane 7, and negative if it is converging, and positive if it is diverging.
The opposing wall 6 has a diverging angle B that should generally be from about 1
degree to less than about 90 degrees relative to the axis or plane 7, or preferably from
about 2 to less than about 20 degrees. in one embodiment this diverging angle 3 is
approximately 15 degrees. The opposing wall 5 has a diverging angle that should be
fess than about +45 degrees relative to the axis or plane 7, but preferably has a
converging angle that is from about -45 degrees to about zero degree. The sum of
and 0 should preferably be from about 0.1 degree to about 30 degrees. Polymer is

directed through the polymer introduction passages 200 and exiting into the gas
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directed through the pol yner introduction passages 200 and exiting into the
gas -18 passage 4 through one or nore polyner passage openings 20 and
flowwng in the form of film rivulets, or hollow tubes, and preferably
film onto the polynmer fiberization surfaces 63, also referred to as

i npi ngenent surfaces. The polyner nelt passages 200 can be at various
angles y with respect to the hotter opposing wall 6, anywhere from

per pendi cul ar (90 degrees) to alnost parallel (co-flowing) to the hotter
opposing wall surface 6 (about 5 degrees) or counterflow ng at about 170
degrees, but preferably from10 to 100 degrees. The polyner fiberization

surface @3sssge4esenth obelohdrepdiyreedpdsatbapeninggdd dndiigwiegdm theofoymer
passage og ning 20 and has a, snooth ontl ation of t ond opposi ng

val | 06 b dfvuteds i Hallpwrighasanshprrererably fi fﬁo@@teéheﬁaﬂfnez whi ch
t he pol y@arfa@@é 63, féchWﬁef@Héd b@é@rrﬁpaggn@w E(MaddsDehb 21y g mau ph@@@%s

stream 4. t he pol yner beri za n surface 63 is not a snooth
cont i nua1206r¢anch‘e ath@rlgea@ngiasmush respleot toctheitter 6ppogieg wiall &canywbergt an
angle 4 hat

oaanC ot Vet phheBERRME (b 0 AR b ARtost BatdTR oS DhuRe rRty i o

respecti V\%IIMHJ&@EIB S@@ﬁﬁta&@eéree@mdr téurteFdwirpat m;utﬁok&@r@mIbetas Wth an
angle ~, (90 degrees or lesser relative to pol (in an

pass
enbodi rreﬁfefﬁﬁbﬁf Eyonne*sostq md@@’eeﬁgT%wimeﬁ@bwa}was %@ﬁ%aﬂr#%ur face
63 woul i of the
ol yror | PRERr( et oot sl calh ol Mitr iskoe 0BENRD RPMRI h880! 1
pl ane or Smomsh gontinwatiomeh ther srtondelpwosing wall 6 rfr@rrbbe@ce thfglnbpdﬁ@i%YOfahes 7,

t he poly a [ S

deqr oes. RENElr 6 £ 4SBT BR RR B el s pBro AL M ETLER e
count er cho¢hewgae stieaecs. iibihe pbingnéehitgdrizatitti soffadde3 nmhcytrmsmobirbmntmaanm
surface 63 is critical for a good fiberjzation process with few fib

def ect s Oktiersesend Keposing. hottaﬁwaﬁr%m@ b6an 86 Lt ERANGD 6 1haldH 1938y

but pr ef SP ATy e do R AR sl ??'%%C@Cﬂ@h?ﬁﬁ%?%@?ﬁ@é@?ﬁ%@?hzo

respect i deeqiminyoferol yasisiye aopé!nﬂa rfgspzﬁtlve polrymoasmge 2hand sdass hanaatiooh

exanpl e I1§O %QSFees "w?nﬁ’ %Sa'nré e X\%f (90 {/)Sde%ergése gr Iesser Stefative to polymer passage
(in an embodiment with v less than 90 degrees), the polymer fiberization surface 63
would essentially become zero. Alternatively, the orientation of the polymer fiberization
surface may be measured relative to the bisecting plane or axis 7. When measured
relative to the bisecting plane or axis 7, the polymer fiberization surface orientation
angle ranges from about 90 degrees measured in clockwise direction to about 45
degrees measured in counterclockwise direction. The length 6" of the polymer
fiberization surface 63 is critical for a good fiberization process with few fiber defects
such as shot etc., and should be less than about one thousand times the hydraulic
diameter of the respective polymer passage opening 20, but preferably less than one
hundred times the hydraulic diameter of the respective polymer passage opening 20.
A reason for this configuration example is that the opposing wall 6 is heated to keep
the pressurized polymer stream 2 molten and flowing. The heated wall 6 in the second

section 10 of the gas passage 4 has a diverging angle [3 of less than 45 degrees from
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the pressurized polyner stream2 nolten and flowi ng. The heated wall 6 in
the second section 10 of the gas passage 4 has a diverging angle (3 of

| ess than 45 degrees from-19 the central, bisecting axis 7, preferably
fromabout 1 to 20 degrees. The colder, unheated wall 5 opposite to the
heated wall 6 in the second section 10 of the gas passage 4 may have a
converging angle 0 of less than 30 degrees fromthe central axis 7,
particularly fromabout 0.1 to 15 degrees. The ratio, (3/0, of the

di verging angle (3 to the converging angle 0 of the opposing walls 6 and
5, respectively, in the second section 10 of the gas passage 4 ranges
bet ween 1hdcertrdOifisdctiriphaxis 7 oprefaradly foomalabouhhés 20 degetasy To€ coltert hroat 9

be, e. t I [ | | I d :
cee A1 Uofleatgn CEPRRBIE AR RS lnd WELARRE PetelacdiafuB e WF GRS 1S Y e
used t habab9ide & e havilie @énwghf@%ﬁgr@%f hadndas BodRgreds BorhhRe gaptrflassage.
In another enbodi nent, the gaS passage 4 conprises an annul ar

cr 0ss- se@kisoh glartapdarty frd)mmO&JdOHetDv@edlegvae‘& ST i, B0, Phthewdivergingerle, 4

h | d,. fl | i
Sect ons By SESRung el L orifp SaPian ALy 8 ey coesiiuel: IR BReR Y ne

first, okettitth s®6PME s M&ab@ﬂ%ﬁgé@%tvﬁbﬁ 1:9rto F00ONMIHAdrb&seffonkhem A
parti cul ar, non-limting e dinment is presented in the follow ng

descri pt 18" SPOUBYY qhéhe hirpald mayrece. &, radanganrhepefiohE RoROSHE waiks
nozzl e syat Qfggéd aé Q se%%%sg%ic%le r?at@eggﬂpg Ptbﬁgéﬁﬁq}ea@ﬁﬁeﬂ%d%%%b%

the gas pass ‘e curve curv ave a vertrca
di mensi oardl0ebthabfwot a @oblMudusciureead mbeubomwdmgrd;efinhgdhe lyes rpuals‘sagmélsage

200 h h | di f Th
Zo0i oY . BRSBeR o B e GO b0k £ e briskst B AbA: b eSingthond Btk e o

radi us Ofocat‘édiyeﬁWéEeﬁ Walls ahdne. ‘FI@éd.%W!sWﬁFIGlmaid@w@ﬁmﬁélo%@@tﬂﬂmnho of the
gas passage 4 nay range between 1:10,000 to about 100:; [ 0051] Referrl ng

to FIG Bfangp wveéiheewawrh@ﬁtvaam BectiansAnay §eSusYRth Thﬂ%@ay@@&ﬁm 9T of
the heat Wéil%'dncjﬁa lrﬁ?{ﬁiéf“ﬂbgﬁr Oorttﬂé‘%eﬁc?rﬁfg# fedntdat %@Eﬂ?r%t 'ofa Whidindtlds 5

above. However, roat section e gas passage
4 has of them. A part;cular non-limiting embodiment is presented in the foi!owmg

description.

[0050] Referring to FIG. 5, in another embodiment of the nozzle system 1, the
opposing walls 6 and 5 in the second section 10 of the gas passage 4 are curved. The
curved portion may have a vertical dimension 102 of about 0.004 inch to about 2 inch,
and the melt passage 200 may have a hydraulic diameter of about 0.001 inch to 0.100
inch. The ratio, r/ry, of the radius of curvature ry of the hotter wall 6 to the radius of
curvature r, of the colder wall in the second section 10 of the gas passage 4 may
range between 1:10,000 to about 100:1.

[0051] Referring to FIG. 6, in another embodiment of the nozzle system 1, the
geometry of the heated wall 6 is similar to that described in connection with FIG. 5
above. However, in this embodiment, the throat section 9 of the gas passage 4 has
greater length in comparison to the embodiments of FIGS. 2-4. The wall 5 opposite to
the heated wall 6 converges towards the bisecting axis or plane 7 at an angle ©

typically ranging from about 0.1 degree to about 15 degrees. The heated wall 6
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greater length in conparison to the enbodi ments of FIGS. 2-4. The wall 5
opposite to the heated wall 6 converges towards the bisecting axis or
plane 7 at an angle 0 typically ranging fromabout 0.1 degree to about 15
degrees. The heated wall 6 -20 diverges fromthe plane 7 at an angle ( 3
typically ranging fromabout 1 to about 20 degrees. As best seen in FIG
7, the polyner fluid stream 2 enters the second section 10 of the gas
passage 4 through one or a nultiplicity of openings 20, and is directed at
an angle y that can range fromabout 10 to 170 degrees, but is typically
rangi ng from about 30 to about 150 degrees, particularly about 60 to about

95 degr eefverged ibmvidettand Nat afeRRb 3 BQliday raa@h%&rormb@htow\m alidue 2beat ed
wal | 16 conprises a tip portion 65 inmediatel el ow a pol

i nt r oductiesregsadsipst §99'THbFﬁ(31t7e§?%P0|W}§r Heic ﬁ‘»tfﬁar@@ qiarsghe ﬁ@?%?ecﬂon
fiberi zayyig ;(’é‘(b ¢ I

|l ess t han%;gﬁﬁpggggi%%‘é%%hmﬂo?ﬁ@ O@Eﬁgﬁg%“&* n 649 ozgtagg% ﬁ’irrgﬁlégtag |y
bel ow t h@ntaqgle pbhratican resge froveabeiitdy tbrigith dewee%rttuteﬂ tyaically ranging fiem
downstre t| e._..wal e.t e

comver goetpfl a7t a8 o Adete Radarpo PR b Sl bSO e 19 1t on
| at er al | yhes pecad, hoter wad 6adis anewh, tHachdatwe waind afmprigeseotip porionB52 | S
bent back to formthe angle 90+0 with p

defines MREHIRYHeIQW 8@%“%&'” "Pgu‘ifﬁ)@eﬁaséﬁaegﬂﬂﬁl’%t(lérg\F%i?Bémﬁ‘%@%gaﬁé‘s
di srupti oB|ymdrtipRrit BforfaFfalkAtAgB8ess A aldie ORYE‘(MHEH Bk &‘é@hbl‘?ﬂeﬁassage

2. The tip portion 65 enhances sub- mcron fiber formation. In
i 1| ust r athashabauid. @1Q)Irpbrfh@ﬁuwdmt@ @ﬂcrﬁsiosateﬁamm@diam bejay tb@ﬁ@age 4

{hat may o M&&&g}gg B RO 1 B RNNKIBA §iP&lion™d, A thenat

b. \Wen & are n ranges prescri
process waa;s dm@cmﬁieeo $Imé yeah@namuecbnvlécges tostaads planiet? glang medjgiartiat ¢51 rrpact
flberlzailon ion,

bl
one | et nator st a LRPBR ety SRS CSR T LBt aanting dwer Al S Bortl
or inpi ”ggmbeﬁted%kho%r% t!?e‘)@r'ig?é'gmb%% MaRO7. The cg%d ;ﬂﬁ’ﬂ@n bhQlefiHey ed

portion 64 may have a vertical dinension of about 040 - 100 inch or
great er, thentip poriond% atptesisepe endrany aia&beb:)swavwlgas cﬂsr@nﬁ@@ witbin theaas

0.001 tgaggaog%tzl Regrl eI pnoqymeﬁin?rogﬂgtfio%rﬁgss%g];erf ':Fh% t%ogorhf))n %goe%%aﬂcggguﬂa—mh'
micron fiber formation. In this illustration, the tip portion 65 has a side 63 facing the
gas passage 4 that may be substantially flat and defines the polymer fiberization
length 5. When angles v, B and 0 are not in the ranges prescribed herein, the process
may be adversely impacted. For instance, it can negatively impact fiberization, fiber
sizes, and increase undesirable shot formation. As a non-limiting illustration, the tip
portion 65 may have a vertical length or impingement length & of approximately 0.005 -
0.050 inch, the curved portion 64 may have a vertical dimension of about 0.040 - 0.100
inch or greater, and the melt passage 2 may have a hydraulic diameter of about 0.001
to about 0.010 inch, and preferably from 0.002 to about 0.008 inch.

{0052} Referring to FIGS. 8-9, the first and second walls (5, 6, and 51, 61) of the
gas passage 4 of these alternate configurations of nozzle 1 are smoothly curved such
that the curvature of the opposing walls 5, 6 in the first section 8 smoothly transitions

in the transition region 9 of the gas passage 4 without any sharp edges into the
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[0052] Referring to FIGS. 8-9, the first and second walls (5, 6, and 51,

61) of the gas passage 4 of these alternate configurations of nozzle 1 are
snoot hly curved such that the curvature of the opposing walls 5, 6 in the
first section 8 snoothly transitions in the transition region 9 of the gas
passage 4 without any sharp edges into the -21 curvature of the opposing
walls 51, 61 in the second section 10 where polyner 2 is introduced in
this illustration. The opposing walls in the second section 10 of the gas
passage 4 are curved such that the hot wall 6 has a convex shape that
curves away fromthe curvilinear bisecting surface 7 and the cold wall 5
has a commgx&umhﬁnbe Ebabsiﬁgwaueﬁgﬁ\t\m the $élmndwe¢t|d)|i;]n9whd®é :pebﬁm'sergz isur f ace
7 as vie rom.wi t.hi e secon section 10 in t

Latro of s uglimetiei el d7e o el Gidne Sstote iR dhetibedes

cur vat ur @agéadd s a@@hdrvéalsluoﬁ that thé%%%ﬁ@%a%eéhb%xlé}aa% thBec#ess awagsage 4
may range from about 1:10,000 to about 1, particularly about 1:4°t

about 1: fromyHw w@nwrtwseqimsrsuyfaa@&ﬁndﬂhz qahd gl t has a congayver e tbat
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tr t 20 t b
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|l ength of the hot wall 6 in the second section 10 gas passage 4,

The pol yREPUY 1 {l neRdiMase Pagiaulailyebaub & ft"r@%éoﬁﬁ@@ﬁl‘@ﬁ%@%%ﬁ@u&?ﬁ each
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degrees wth respect to e tangent at the he second
section 16 fahdw 1@@@"/@@1’5&1&@@9@ of desist Red dre senpndov#isGs.6 inGhe Becomd fir st

a1 ter nat SR Gt B GinaBag 2, Paby Ronhd TR R AR BRI 20 ohiRERyy
transiti prayregioosted insh@howsingeh theesdunid satibh gor Ebbl@lpolyﬂwtcﬂ.iénb@ 2@en the
upstream sectio and ownstr am section 10 wh nt.r oduced
in this aisPIMRY Bg?q etween e?bout 2080 1o about 80% o?th lyrvnFnear Iengt%n of the

hot wall 6 in the second section 10 of the gas passage 4. The polymer film can be

extruded into the second section 10 through each polymer opening 20 at angle

ranging from about 20 degrees to about 160 degrees with respect to the tangent at the

hot wall 6 in the second section 10 of the gas passage 4.

[0053] Referring to FIGS. 10-11, the first and second walls (5, 6, and 51, 61) of

the gas passage 4 of these alternate configurations of nozzle 1 are sloped and planar

and the transition region 9 is an asymmetric bent configuration located between the

upstream section 8 and downstream section 10 where polymer 2 is introduced in this

illustration.

[0054] The nozzle devices used to practice the processes described herein are

configurable to be a cartridge that is mountable to conventional die bodies.

Conventional die bodies may vary. However, industry standard machine practice ¢can

be followed to mount the cartridge embodying the inventive nozzle to a die body. For

example, the die bearing the nozzle can be mounted to a die body with a conventionai
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[ 0054] The nozzle devices used to practice the processes described herein
are configurable to be a cartridge that is nountable to conventional die
bodi es. Conventional die bodies nmay vary. However, industry standard
machi ne practice can be followed to nount the cartridge enbodying the
inventive nozzle to a die body. For exanple, the die bearing the nozzle
can be nounted to a die body with a conventional -22 bolt arrangenent and
flat/shaped surfaces. |If a gasket/seal is needed, the channel is rmachined
in the top of the die and/or the location is defined per specific die body.
For exanple, the nozzle systemof the present invention nay be adapted to
fit the lholteErrangetmans aod flabslyapdd surfavgar df arghsisgiisealkiquiepdeditheehgnpel is

[ t | | b | i h xei f .. Ason- [
Zimor P g der 6P Goak T ol S MR SORr o OF BAD A be
suppl i ed dkaniphe the rakAe Systefibiihe BaSerTaidriiodl nay b6 ddbpteiadit ofs loaerwi t h
extruder bodies in conventional or conmercial equipnment or via another
sour ce ofexbuspP sy ®f gtandpedimelspywe cadPRISNt B eaviPRet SUPPYRT bY PuRR]ers

condui ts su@ﬁ‘gs%ﬁ%ﬂﬁhh@é}sASé@—%é@é_&#@lﬁmr AQ&JrBfeolﬁmi%ﬁ, Norddih, and

invention using the nozzle systens support’ equi pnent ustrate
above, t hmpjpoltiyReessgsnst gh$ maysbehsupmieddotie nozzié system dalgagunanitahds f | ows

easily. As indicated.in the fiqur . the |y It 1S .inhtr into
the secofaetderfheaeRM ity R8t Bluehif NaBhe Bt Bl Bt e
openi ng 23 andngr $AIro8 ofichinprasaad igasdes eehisnadzgldtivia sttightsiidl @ceditavher e
| ocated bel ow the, opening 20, such as described above. To formthe pol yner

mel t, th@MHSPPREsIANS. heated sufficiently to forma nolten pol ymer flow. By
way of eg@ﬁ‘ﬁ}e and TGk pldnBritdhé BrocesBss ol iRfeMRNY ISR RRYNdIIUSsAt¥in§COSI ty
at the point "of fiberization in the nozzle as a positive nunerical value
| ess t haandGuprod eqpiamant illustriafed abave:, bz poigmes genetalyl isrhgated mngbit foremm 0. 1
Lo o0, 2 g R DAL ST Ak R 8o BB YhBEBBMIL e
240C) . Thee sewiridegbctioh Y 0®f tigepas pabyadess af trae pozzis systeraxteiadipegirag Mspher i ¢
lp;e;sf]? ; gaaé é(ta'rr]r?%% hn’?ﬁéllégés%gﬁgg ta o%gttﬂcra%ﬂhs&r%%e%a\%hér% Igggteg%gon\grthéj e and

opening 20, such as described above. To form the polymer melt, the polymer is heated

sufficiently to form a molten polymer flow. By way of example and not limitation, the

melted polymer may have a viscosity at the point of fiberization in the nozzle as a

positive numerical value less than 30 Pa-s, particularly less than 20 Pa-s, and may

range from 0.1 to 20 Pa-s, and particutarly from 0.2 to 15. These viscosities are given

over a shear rate ranging from about 100 to about 100,000 per second (at 240°C). The

melted polymer generally is at a pressure exceeding atmospheric pressure at the time

is conducted through the gap in the polymer die and is introduced into the gas

passage of the nozzle design.

[0056] The suitable and optimal melt flow rates of the starting polymer material

used to provide the polymer melt may vary depending on the type of polymer material

used and other process conditions such as the gas flow properties. In the instance of

polypropylene having a glass transition temperature of approximately minus 18°C, a

suitable melt flow rate may range, e.g., from about 35 to greater than 2000 decigram
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passage of the nozzle design. [0056] The suitable and optimal nelt flow
rates of the starting polynmer nmaterial used to provide the polynmer nelt
may vary depending on the type of polynmer material wused and other process
conditions such as the gas flow properties. In the instance of

pol ypropyl ene having a glass transition tenperature of approximately m nus
18C, a suitable nelt flowrate may range, e.g., fromabout 35 to greater
t han 2000 decigram -23 per mnute, preferably not greater than 1800. The
melt flowrate is neasured using ASTM nethod D 1238. |f the polyner
material used is polypropylene, it may have a polydispersity index (PDI)

t hat ran%‘p‘mlﬁuiﬁ ﬁréfér@my&hﬁ@re&eﬁtm 00/t THe heltfiov ratel ispogeasuredrsing  PDI
is a neasure of e distribution of nolecular wei ghts in a %J\ﬁé)’h pol yrer

sanpl e, ek W@FEO@@ 1838.c lithe palymer pnatelial yed 18 PRIVRERPYRIIS 7T ght
di vi ded by fd@pe’f‘éﬁ%%eﬁ@@%t@h aea% Yi%hggﬁoutbo@w&bamei @Ol pgrer

t hroughput “in"the’inven process apparatus w |l primarily depend
upon t he psipeasiesihergiol Pheis aiswdsutaef thezistabdlins @fnm@ﬁdlar meightsifhaiMslir e and

pressure _of the zzl e
Cyat em 1 Py ags 08 FSARHE RSN Wheb R EE M8 b PP Y 200
lt;gi hr/ m digde gyl%e ﬁwrﬁéd a{ve‘rag@’rrkﬁecttﬁarZ\QQithg/ hr/ m an;:lhm)st hpa'[tl cul zgrl y

et ween n er e nmer rou u ca e nore
t han aboi‘?%i7 par FF% Efﬂ“&?‘PH{a tgﬁd’th‘fer%‘ ep‘?ﬁ?sﬁtﬂr\g t(':‘ﬁl“é{ ly nore
than aboutimkdRPq85eHa BSdn th’é‘ éﬂiébﬁlc&ﬁﬂyrﬁéi h$&L thel HEF Be B@BighCase Ry al

i ntroduction gaps or orifices operating at one tinme to increase the total

product i éempeiedurgranst prewetqﬁrtm;gnlprmer Eponagaisicete pel¥gie trougpRdRR ur e,
and vel ogi Ly, sg%.%m%mo?g 1 %&ﬁ]t Igg/ﬁmnf ﬂicﬁi%rlh/ é% Q@%ﬁ%tﬁfo@(ﬂf ot her

anci |l | ary “gas ream can al'so ect attern of
sub- m cr ag/Hrinbansre ;bartaomlamafrom D te200 kglhesn, artl mogizartculedybetweair 2ai n may

o o g AT Re S e B SR BS IEET e h RO PR ARG P 3¢

the unif ?émch}ér@fmbxlfeeth\éﬁ%ow@@%ndm@re RYRRLING rieazhean WsLieni® e per

limted to an articular type
mmute per orifice. There can be several introduction gaps or orifices operating at one
time to increase the total production throughput. The throughput, along with pressure,
temperature, and velocity, are measured at the die orifice exit. An gas curtain or other
ancillary gas stream can also be used to affect the spray pattern of sub-micron fibers
from two or more nozzles. This gas stream or curtain may aid in shielding the spray
formations between adjacent nozzles or may aid in compressing the spray pattern.
The gas curtain or stream may improve the uniformity of the web.
[0058] The inventive nozzle system is not limited to any particular type of
polymer material and allows for the polymer to be independently selected for a specific
product application from amongst a wide variety of polymeric materials. Suitable
polymeric materials for formation of the fibrous webs of the present invention are those
polymers capable of being fibrillated into microfibers using the nozzles of the present
invention. These polymers include, but are not limited to polymers selected from the
group consisting of polyolefins, polyesters, polyamides, biodegradable polymers,

polyurethanes, polystyrenes, alkyd resins, poly-hydroxyalkanoic acids, adhesives or
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pol ymer material and allows for the polyner to be independently sel ected
for a specific product application fromanongst a wi de variety of
polymeric materials. Suitable polynmeric materials for formation of the

fi brous webs of the present invention are those polyners capable of being
fibrillated into mcrofibers using the nozzles of the present invention.
These polyners include, but are not limted to polyners selected fromthe
group consi sting of polyolefins, polyesters, polyam des, biodegradable

pol ymers, pol yurethanes, polystyrenes, alkyd resins, poly-hydroxyal kanoic
aci ds, adhesives or -24 other conpounds capable of meking fibers, and
conbi nat iomm ctquascgm‘ds dapablecaflrasking Xibew, aad ebnibhtatiodk Yherebt Paticnaal s are,

e.g., pﬁ) The pol yner ? may be further selected from
omopol yIRRET g et AT S G 6 oV FHapY ERERULRE PONGSES B er s
having i mgmwe@é&@h frBhi h@rﬂgbéiyh‘@?s wop6§H@§%rﬁP&dm éte%ha rRby mew@ﬁ‘nt S.

More than one polyner type nay be used one tine use of multiple
pol yner paessap@iymeaohadnaincorpaistadamety add!t:vesaoesunfap%a@weeaﬁﬁm aent, a web

13 conpri I r e

descri be %Iﬂ%?t Mdrgq%@@ﬁg%ﬁg}ﬁge{g&\% %ﬁ%%)gg%a%%&ﬁw{gr@%thc%e%%%fo t he
nozzl e lsymﬂi&ptﬁallolmif’(t)@gpegm Qﬁ%hm|llnftmteﬁ lilTiFE(BB tihswlmbmimdxmerhtﬁlamtd
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roomtenﬁér Lﬁrgrrt%mblﬂlco%)@meng 1-n}55;ron? Qa%‘ﬂg ‘fﬁS&”é?‘go may be
heat ed, aktfapugh not required for processes of the present invention.

Non- | i n1 ting exanples of the fiberizing gaseous fluid are gases such as
air, nith , st eah§ gapeousaiiif nabe |Ir3r0§,iutpedmt@ theseszlagystentei@de reactive

gases or t%ﬁﬁ&?ﬁ% g%s; t}ﬁ?@}thé(t%f%%ﬁl%sm?lf a{nﬁfﬁ%ﬂiaﬂéﬂyﬂéfo ’F(ﬁ(f"’@f mo-FQe

pressure aseous flurd
positive pprtiﬁzgkauhyéemncﬁtﬁﬁt ot othiehwisetah eoors ibmpecatone (Elgaealsowtrﬁﬁ)"@aw be

li ghtl h f th | ted pol it ded f
he gap’ 1955 e o ETEY fsP it PBnles affoddiEholtRalited Br FidstsTre” °
system ff@pr‘btsbﬁtﬂh%ﬂﬂﬂmgmquﬁftlﬁ? wixelmpidd oftRBEIhatikivig R¥eods ALiaLFY Gasee! ow

1000 psi artjcul arl |1 be less than 100 psi, nore particularly wll
15(3‘8@5 iz, @tgoggr@,bﬁteam etc. Additionally suitable gases may include reactive

be from &
gases or gases with reactive components, or combinations thereof. The pressure of
the fiberizing (i.e., fibrillating) gaseous fluid is a positive pressure sufficient to blow the
sub-micron fibers and can be slightly above the pressure of the melted polymer as it is
extruded out of the gap from which it is introduced into the gas passage of the nozzle
system. The fiberizing gaseous fluid will generally have a pressure below 1000 psi,
particularly will be less than 100 psi, more particularly will be from about 15 to about
80 psi. The gas flow rate used is sufficient to shear the polymer film at a sufficient rate
to fibrillate. The gas flow rate through the nozzle system generally is in the range of
150 kilogram per hour per meter to about 3500 kilogram per hour per meter,
particularly 600 to 2000 kilogram per hour per meter; more particularly 1000 to 1800
kilogram per hour per meter. in terms of gas mass flux, measured as unit mass of gas
flowing per unit time per unit area, the gas flow ranges from about 15 kg/s/m? to about
1500 kg/s/m* depending on the separation between the opposing walls 5 and 6 in

throat section 9 and gas flow rate used. For purposes herein, the cross-section of the
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80 psi. The gas flowrate used is sufficient to shear the polyner filmat a
sufficient rate to fibrillate. The gas flow rate through the nozzle system
generally is in the range of 150 kil ogram per hour per neter to about 3500
ki | ogram per hour per neter, particularly 600 to 2000 kil ogram per hour

per meter; nore particularly 1000 to 1800 kil ogram per hour per neter. In
ternms of gas mass flux, neasured as unit nass of gas flowing per unit tine
per unit area, the gas flow ranges from about 15 kg/s/n2 to about 1500
kg/ s/ m2 depending on the separation between the opposing walls 5 and 6 in
throat section 9 and gas flow rate used. For purposes herein, the

Cr 0ss- seglah8ifioRfredibg 9-dahé hopdktl §ehdralg) BUsBATbr ﬁlﬁ@&:almlcmsbf@%eﬁ@éé y is
used for the cal cul ati ons of gas mass flux. [0060] As one benefit of the

present flH¥ention, increased sub-mcron fiber output is obtained with
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use snal I'e g ale unit operations to sti 0V|ge commer ci al
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about 40sinifant swihacron f||b@85utdmamve®b®mbﬂ6@nibodn‘ﬁem ﬂwgas:stmamyantjess t han
about 15: 1 I n one enmbodi nent, the ynmer fluid stream mass

t
f1 ow rat PeIYmS) figld eljeam ae’ @tmgﬁewq@t @r?%cE 5% C(s?‘PBé’éﬁ‘\ 935 %Fﬁ%w@?fym% d
stream ”ﬁﬁi%i é(trle%Wl H?atsb‘?lowsra?@raﬁfélg”é ?ifyslegé kIROY ABRYD: h%rtld%@érly 18B$ earof gas

stream t hrough t gas passage to ogram per hour per neter ‘of polyner
fluid st abauh ?emﬁomgfe aasﬂtlcuiﬁeyﬁﬂﬂsﬁhsﬂ a@pehﬁ}és In ﬁnereemtyzshmﬁat s gadn.

Equi val eq t is

| ess thaﬁﬁé%mdg%%bgﬁ% fﬁ}'rr%?@%'&lce}?g%t teds'lsHa hb;ené\g‘%{;ﬁgg %Jl,d!ghﬁ %U(%S

pr ef er abbirehrads pbnamerafmwstré’aria maé’élﬁoxgaatmrsrmdlaiedwm«!ogfam peshoegpernass
fl ux rat|0|s cal cul ated as k rou

passage e Ges/Lieae Bropet Hisesas PerrORae Ipoam PPoUs eI eRPBLGh ar I ¢ he
pol ymer gpemicr@sid strddhs t%ﬁ@ﬁ‘éll%l@@bb@ﬂwé?fopbh ngﬁﬁ tHRRSSRAR setiienef or e,
i mproved peéerformance is provided via'a nore efficient, |ower cost process
del i veri Egulvalently, the gas stream to poiymer fluid stream mass flux ratio is less than about
20:1, more preferably less than about 10:1, and most preferably less than about 7:1.
The gas stream/polymer fluid stream mass flux ratio is calculated as kg/s/m? of gas
mass flux through the gas passage to the kg/s/m? of polymer fluid mass flux flowing
through all the polymer openings in the second section of the gas passage. Therefore,
improved performance is provided via a more efficient, lower cost process delivering
higher quality microfiber or sub-micron fiber webs at commercially viable outputs.
Among other advantages, the process is more efficient as it prevents polymer back
flow and/or build-up on the gas-side in the fiber forming process. The resulting product
web or mat is high quality, as the web possesses good uniformity even at sub-micron
fiber sizes, and with less fiber and web defects.
[0061] High quality microfibers are provided by the present invention within
narrow fiber size distributions with minimal fiber defects. For purposes herein, a "high
quality" fiber is defined as predominantly sub-micron fibers in a narrow fiber diameter

distribution with minimal fiber defects such as shot and dust. “Shot" is defined as
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hi gher quality mcrofiber or sub-micron fiber webs at commercially viable
out puts. Anong ot her advantages, the process is nore efficient as it
prevents polymer back flow and/or build-up on the gas-side in the fiber
form ng process. The resulting product web or mat is high quality, as the
web possesses good uniformty even at sub-mcron fiber sizes, and with

| ess fiber and web defects. [0061] Hi gh quality mcrofibers are provided by
the present invention within narrow fiber size distributions with nm ninal
fi ber defects. For purposes herein, a "high quality” fiber is defined as
predom nantly sub-micron fibers in a narrow fiber dianeter distribution
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defect, where polyner is sheared uncontrolled excessively to Iargﬁly
spheri ca|pomm%rrflhep§6nmb gvaldy ABNYRISIODNS attw@e@@m thsoligraes waksshowi inH|

| argest dmanslion HlothérTiet B@fbc%%'érgp?ﬂbméﬁa‘éﬂgswsédr GortBedypl 1 ty of
fiber nmay have an excessive ran aneters, or contain |arge
anount obxd&mwc—zl)y to laegede spnenicH sr efipsdidal or/\cqmm:namsahb;edf@m;mmlmass of

fiber, t of fiberization contain large shpt, |

gr eat er N@ﬁr‘ﬁgarﬂfa%tr%wenﬁ’o&cgrlr%‘?getrhanvvﬁe’F‘EﬁW’té}b eﬁ’ag) QH%B i’E‘%‘rt?)%lfentum
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t hi ckness of t he nonwoven web to forma distinct "pin hole" defect therein

that calPrge ajiams pishalefmarticdeniepy quslibt offikehi on eftect Rbfberiadtion gan e.
over 10 thiBh BFgelOR8t, typically greater than 40 micron in diameter, wherein the mass has

enough momentum and thermal energy (i.e., temperature) to penetrate through the
entire thickness of the nonwoven web to form a distinct "pin hole" defect therein that
can be visually identified well under magnified examination (i.e., over 10 times or 10X)
of the web. Therefore, a web made from high quality fiberization, and fibers, has a
narrow fiber diameter distribution, no or only a low amount of dust below an average of
10 particles per square-millimeter, no or a low amount of shot below an average of 10
particles per square-millimeter, and no or negligible amount of penetrating and pin-
hole creating type of shot. These measurements and evaluations can be done using
optical microscopes with magnification of 10X or preferably 100X (for shot), and with
scanning electron microscope photographs (for dust and shot}. To determine an
average, at least ten or preferably over twenty samples need to be taken from a
production condition or a selected production period and evaluated in this manner for
dust and shot.
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of the web. Therefore, a web made from high quality fiberization, and
fibers, has a narrow fiber dianmeter distribution, no or only a | ow anpunt
of dust bel ow an average of 10 particles per square-mllineter, no or a

| ow amount of shot bel ow an average of 10 particles per square-mllineter,
and no or negligible amunt of penetrating and pin- hole creating type of
shot. These neasurenents and eval uati ons can be done using optical

m croscopes with magnification of 1 OX or preferably 100X (for shot), and
with scanning electron m croscope photographs (for dust and shot). To
determ ne an average, at least ten or preferably over twenty sanpl es need
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sub mcron fiber diameters up to mcrofib di amet er s. pur poses herein
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materials directly. collected fromthe process,o rese i nvention
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fibers. The standard deviation of fiber diameter distributi on general |y

may be | @agiculesly raprsthan @530 ans ware paiticviady saerg thar S9¥neup-ai@al figes.
m cron. Et L rdar& Ia‘évaréﬁa?ﬁ‘%\’ﬁﬂelf &Pﬁw’eﬁﬁrﬁlsghggt}oyrpggﬁ@rg ly t:_[{éy% leQ8 tq@yatgdr%' bi t

basis weig Fom ver eav not
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product wmpiecaﬁerm bpOvdy dramstdtiont ihe ftaﬂﬁkt@ﬁfa@dwa&@@b@é’@Wefgm%ngiﬁ@ges
have a baS|s wei ght of from about 0.01 to 200 particul arly about 0.1

t o about gy I@gﬁ]tharh@bqjgsﬁi Qrapms R SR Reter (gsm), to fabncs having a basis weight
greater than about 200 gsm. In a particular embodiment, nonwoven product webs

comprising fibers in the indicated submicron fiber ranges have a basis weight of from
about 0.01 to 200 gsm, particularly about 0.1 to about 50 gsm. The basis weight of the
nonwoven web products may be varied depending on the web application envisioned.
For some lighter weight applications, the basis weight of the sub-micron fiber layer
may be, for example, less than about 10 gsm, depending upon use of the nonwoven
web. it may be desirabie to form a web of several superposed layers. The sub-micron
fiber layer may be combined with one, two, or more same or different layers. A
composite web could comprise, for example, a spunbond layer/sub-micron fiber
layer/spunbond layer three-component construction. Another example composite web
could be comprised of a spunbond layer/1-10 micron fiber meltblown layer/sub-micron
melt-film-fibrillation fiber {ayer/spunbond layer construction. Basis weights for the total
composite webs may range, for example, from about 5 gsm to about 200 or more gsm,

but may vary depending on the number and types of iayers assembled together.
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nonwoven web products nmay be varied depending on the web application

envi sioned. For sone |ighter weight applications, the basis weight of the
sub-mcron fiber layer may be, for exanple, |ess than about 10 gsm
dependi ng upon use of the nonwoven web. It may be desirable to forma web
of several superposed |layers. The sub-mcron fiber |ayer nmay be conbi ned
wth one, two, or nore sane or different layers. A conposite web could
conprise, for exanple, a spunbond | ayer/sub-mcron fiber |ayer/spunbond

| ayer three-conponent construction. Another exanple conposite web could be
conprised of a spunbond |ayer/1-10 mcron fiber neltblow |ayer/sub-mcron
mel t-fileee3]ril| aw anifolinbseb-mayern le@tméDndnIb@xﬁodu@mﬁbyﬁ@tmmnesdaa‘sthe

wei ghts for the to al ra for exa from about 5
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web can be produced by the process of the present invention.
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per neabi br vigiblahdlesy oopther sych tipfietts: mmmrm@anymsmanvhmabmwy theber
i or visjble holes h_def ects Unlformty may

bundl t
ooe be BiaichBal %oy e it BrieneegRieria el Tie BaPuP AR FRbpteRan e mnt o
the web. dBRir@ifERREhRhSE Kkritvn REhesaskiadd lﬂytH@érhoﬂ% eawmot®diahaser 6ﬂ<l Il ed

in the art. The nean pore dianeter of the m cron _fi ber | ayer f¥t
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| ess t haﬂ‘%ﬁdﬁﬁm@ﬂg”rﬂbéf wyer mpyeealless than @l?ﬁ#tf']l&:m@ﬁ@ns dihedasirgdicegf
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counti ng t nunber o ropes or ers in a ured area of
t he web; maasgrecébjoeemntdmbejrmmttelr;ofmmefs ar hallesotfilthrs in avegasarédaredmtfe

| ack of ol es, c ounting the r i ng
Lo et B SBRUAR s BeRPapfe FTARAUAS adhof 858 HuBSey AT B R RE 1  B1eles Cat
optical giserseensumidtly ddmiifgXhe magiiet bt Boleemavivlg # dantdtadaledveca cermain

m croscope or other enlargenent nmeans can be used. For exqmlo%xthe hol es

may be cHBURSRAII i arpeasused alAaseidNe Web. AReoRticRbAIEPECARG WP
magnification, or scanning electron microscope or other enlargement means can be
used. For example, the holes may be counted if they are visible to the naked eye using
a light box, or are more than 100 microns in diameter.
[0064] The present invention can be implemented on a wide variety polymer
materials and the nonwoven web may be used in a wide variety of articles by itself or
in combination with other materials. The nonwoven fabric produced in accordance with
the invention may include one or more fibrous layers, as well as wovens, scrims, films,
and combinations thereof, and may be utilized in the manufacture of numerous home
cleaning, personal hygiene, medical, and other end use products where a nonwoven
fabric can be employed. The nonwoven web may be used, for example, in gas or liquid
filters, medical apparel, medical cleaning wipes, housewrap construction materials,
diapers, training pants, adult incontinence pads, catamenials products such as
feminine care pads and pantiliners, tampons, personal cleansing articles, personal

care articles, and personal care wipes such as baby wipes, facial wipes, body wipes
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a light box, or are nore than 100 mcrons in dianeter. [0064] The present
i nvention can be inplenented on a wde variety polynmer materials and the
nonwoven web nay be used in a wide variety of articles by itself or in
conbi nation with other materials. The nonwoven fabric produced in
accordance wwth the invention may include one or nore fibrous |ayers, as
wel | as wovens, scrins, filns, and conbinations thereof, and may be
utilized in the manufacture of numerous hone cl eaning, personal hygiene,
medi cal , and other end use products where a nonwoven fabric can be

enpl oyed. The nonwoven web may be used, for exanple, in gas or liquid
filters, amﬁdémmawselandmdimmdtimlsea@iem IWaa!éBwnth‘abmcamaydmswuzedi on
material s ers, trainin pads, catanenials

dul t
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cl eansi ngxaaktes!me, as}%ﬁ-srtsﬁ@f'ﬁthe :"e@r‘icﬁ/a@bf %é;?aé;e o1 sDRiISAkAks CDReMéREEsgICh
as baby wi pes, facial w pes, body w pes d fem nine w pes, and

conbi nat |”Eﬂ4ll$d& wet endry hmglmlamﬁdﬁlcrcvm@l pabafcbsuﬁéﬁfewp% faripedicalas nedi cal
gauze, Of, EHe{I aéut?ﬁw%ﬂ@@%rﬂéﬁér%' & g@rﬁxﬁf é%ﬁ re( ic RS MRk, WRKRASan

exudat es an as’si' s i'n't hova epade rom surgical sites. O her
end uses belraaﬁlwmnmheidrfodmlyam\g|am|d|tbehaal| -mcrobial, or hard surface

wi pes for i cal industrial ., autonotiv f oo ice, and

ar aoni ¢ 100 ar ko756 Mool g RRER o RS h By P CheBRi ng and ¢ he
l'i ke. [ 0@6AtrIdIe sDIRANG Y& medickINehddiha & Stk pwmmte%pafé%mya@@owml uded in
constructs suitable for nedical and industrial protective aE parel, such as

gowns,  Fansss Shisi betiom il gl ABicoRtss fasamaskatand the dise rrkerotagiirer ne
like, and,psRt Befiok ccﬁ:%Yﬂc%vehl?:Téé’%ﬂ 8é(r%r u&&r bﬁﬁ{é ﬁir %n@é‘Ch as cars,

trucks, boats, airpltanes not or ¢ | cyc as well as
covers fmotempuclpmabmycdes eyolfl asirts, e&v@dicasscowerk&)r@qulunsentyﬁm Iafrh@ut}bmﬂ%n
equi pnen rs,and r. i.llLers

cover: ngtke BHE ¢8R BRGarueithBal shtfoBsnafd Rl e Bhriran
the nonfieyetbviesings edblerciaths aaitd plcaicsarieaciondrs. rlﬂmatrtlitﬁll@’reﬂubo@mm sheng of
bandages, diapers, training pants, adult incontinence pa at aneni al s
pr oduct sNSUWAVEBIS used in an article selected from the group consastmgpo andages,
diapers, training pants, adult incontinence pads, catamenials products such as
feminine care pads and pantifiners, tampons, personal cleansing articles, personal
care articles, and personal care wipes such as baby wipes, facial wipes, body wipes
and feminine wipes, and combinations thereof. The nonwoven may also be used in top
of bed applications, including mattress protectors, comforters, quilts, duvet covers, and
bedspreads. Additionally, acoustical applications, such as interior and exterior
automotive components, carpet backing, insulative and sound dampening appliance
and machinery wraps, and wall coverings. The nonwoven is further advantageous for
various filtration applications, including bag house, plus pool and spa filters. The
nonwoven also may be used in other applications, such as battery separators, or as
agent/particle carriers (e.g., catalyst carriers).
[0066] Depending on the desired end use application of the nonwoven fabric,
specific additives may be included directly into the polymeric melt or applied after

formation of the web. Suitable non-limiting examples of such additives include
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fem nine care pads and pantiliners, tanmpons, 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. The
nonwoven may al so be used in top of bed applications, including mattress
protectors, conforters, quilts, duvet covers, and bedspreads.

Addi tionally, acoustical applications, such as interior and exterior

aut onoti ve conponents, carpet backing, insulative and sound danpeni ng
appliance and machinery waps, and wall coverings. The nonwoven is further
advant ageous for various filtration applications, including bag house,
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petrol eum di stillates, deg?reasers and the conbinations thereof.

Addi t i on#ateiieipt SUEbas metal @xidgnmatalsedbmatal compex tmetal aliqy&rualxwes but not
limted E%rgbpgb&%giost% f%Pﬂp?exe%u?Qct@ﬁ?lﬁglcsurﬁ;ﬁle?é@%‘alt OF’H

bi oci des rasive as ‘met a oxl| rret al salt,
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et e iy O R eu TS ool R BB bR B OB Bl S
ot her wi sgeighliuprise bthdrivisd Plilcaved I HRoBHbWIRgtriohdiriagRXampld furéier
illustrates the present |nvention.
iliustrates the present invention.
[0068] EXAMPLE
[0069] An extruder (2.5 inch diameter, single screw extruder) and a
conventional melt blown die body (25 inch width) were used to provide a source
of 1800 MFR polypropylene. The extruder temperature was 650°F. A nozzle generally
having the configuration of FIG. 4 was mounted to a conventional extruder die body
using a conventional gasketed bolt mount at an upper flat surface region on the nozzle
device. A source of pressurized air was fed from an air supply to the inlet of the nozzle
via air-tight connections and seals. The nozzle had the following geometrical features
(using FIG 4 as a non-limiting example): an 0.016 inch as the minimum distance
between opposing walls 5 and 6 in the throat section 9; cold wall 5 converging at an
angle 0 of negative 1.5 degrees towards the bisecting plane 7; hot wall diverging away
at an angle f3 of 2 degrees from the bisecting plane 7; the polymer passage entered
the second section in the second, downstream half of the second section and had a

hydraulic diameter of about 0.008 inch and was oriented at an angle y of about 32
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[ 0068] EXAMPLE [ 0069] An extruder (2.5 inch dianeter, single screw
extruder) and a conventional nelt blown die body (25 inch width) were used
to provide a source of 1800 MFR pol ypropyl ene. The extruder tenperature was
650F. A nozzle generally having the configuration of FIG 4 was nounted to
a conventional extruder die body using a conventional gasketed bolt nount
at an upper flat surface region on the nozzle device. A source of
pressurized air was fed froman air supply to the inlet of the nozzle via
air-tight connections and seals. The nozzle had the foll ow ng geonetri cal
features (using FIG 4 as a non-limting exanple): an 0.016 inch as the
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cold wall convergi ng at an Tgatl ve 1.5 degrees towards the
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degr ees with the hot wal 6; the polynmer fiberization surface th 6 was

al most zé’F%SSU“Sr‘%aEdYﬁﬁe'PHP%C%'&Q 8% ipleb ghd dcqrvierging seriaiyt i ”Bﬁ na %@t . 090
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a vertical |length of t 0.010 Iverging section 10 had a
verti cal 80&nds hoavowdroweb@rodact Washcolren@d gncearalyzetedhighreviealed hat ddesled

into the \Y rate of
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i nvention was about 15% ( 2.7 m); Mean dianmeter of the fibers in the
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st andar dae Abh o S U oo UMEEP Raldeb 5.1 BB ficroflb st 11 buti on= 0. 33

and fi ber range: crons
[0070] From the foregoing, it will be observed that numerous modifications and

variations can be affected without departing from the true spirit and scope of the novel
concept of the present invention. It is to be understood that no limitation with respect
to the specific embodiments illustrated herein is intended or should be inferred. The
disclosure is intended to cover, by the appended claims, all such modifications as fall
within the scope of the claims.
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[0070] Fromthe foregoing, it will be observed that numerous nodifications
and variations can be affected without departing fromthe true spirit and
scope of the novel concept of the present invention. It is to be
understood that no limtation with respect to the specific enbodi ments
illustrated herein is intended or should be inferred. The disclosure is
intended to cover, by the appended clains, all such nodifications as fal
within the scope of the clains. -32 Clainms 1. A process for nmaking a
nonwoven web, conprising: a pressurized gas streamwhich flows within a gas
passage that is confined between first and second opposing walls, of which
at |l east one of the opposing walls is chgated; said gas passage conpri sing
a first, upstream section into which the gas enters froma supply end, a
transition redlon ARTACesSSIEE SRRKINGI B IeSWONBMWEEE EPOBRIBIgWhi ch the gas f1 ows

to an exit e”% et 38 Sg;agestrtera‘?‘rﬁ‘ﬁ)hijdh%erseﬁlt% 4 444 é gé YASEE Sohfifed | T St

section toth tion gas sat the exit end of
t he secometwesn fishand aaconwheppigsing aiads fofrvd'tlcis etfteaehomﬁ ot the apaesingswailges

havi ng a def‘rgeasi ng cross-sectional area fromthe supply end to the
transiti gi on, and sai d second section of the gas passage having an

i ncreasing cress- massagé o@ﬁgﬁusfrrgoaimtdﬂmpism@@m seqdNrAG witich thd has eaterd end
of the second sectl on; east one polynmer fluid streamfl owi n tgrg]gh at

| east on&OHbHSHER yﬁéxdyﬁéwnsﬁ&wgg@wneﬁ 080 FoWRSteAR FORHRL ¥n at
| east on [ r tream
| east 0N@aghioRdi AARAN WIRALIAUhe WahtiRon g%&ﬁlnﬂ.o%ﬁe&mwm firbt $8cfof

openi ng; and each extruded
pol yrer ¢ the $esiondsgctivn rerchibeqres rassegenears at te @ol m@f thielsecop@isagfion,

fibrillatgg v&f}%réiﬂ dsqa'ici hrl%% Fo%r@rthé ggg tp%%%a@% ﬁ%ﬁ Hg% @éﬁé%m%c %riss#ﬁbrtlélng

fromthe Ssal d 'secon as  passSage
process afexirainrthéd supplgreidnotthe trgasitish region] snd siidasdeoad secfian dfitee gas

passage having an increasing cross-sectional area from the transition region to the
exit end of the second section;

at least one polymer fluid stream flowing through at least one bounded polymer
passage which ends in at least one opening in at least one of said opposing heated
walls, wherein each polymer fluid stream extrudes in the form of a film from each said
opening; and

each extruded polymer film joining with the gas stream and the polymer film
being fibrillated to form fibers comprising sub-micron diameter fibers exiting from the
exit end of said second section of the gas passage.

2. The process of claim 1, wherein the gas stream is introduced into the
gas passage at a mass flow rate ranging from about 150 kilogram per hour per meter
to about 3500 kilogram per hour per meter.

3. The process of claim 1, wherein gas stream and polymer fluid stream are
introduced at a gas stream/polymer fluid stream mass flow rate ratio less than
about 40:1.

4. The process of claim 1, wherein the gas stream at the entry of the gas

passage is at a temperature less than 50°C.

-33-



gas passage at a mass flow rate ranging from about 150 kil ogram per hour
per neter to about 3500 kil ogram per hour per neter. 3. The process of
claim1l1, wherein gas stream and polyner fluid streamare introduced at a
gas stream polynmer fluid streamnass flowrate ratio | ess than about 40: 1.
4. The process of claim1l, wherein the gas streamat the entry of the gas
passage is at a tenperature |less than 50C. -33 5. The process of claim1,
wherein the nonwoven web material conprises nore than 35% sub-m cron

di aneter fibers. 6. The nonwoven web of claim1, wherein the standard
deviation of fiber dianeter distribution is |ess than about 0.5 mcron. 7.
The nonwoven &eb offhelprocesk, ofwhetfret iwlidreinstha mdandverwelt inaterial cbinpises

di anet er di Stél bg%%n is.less. tha Bout 0.3 micron. 8. The process of
clai m 1, MHEBRRH sifl- Hléﬁ’@néjr‘%'n@@ﬁ% PSed of a polyner selected fromthe
group consi stigng Ofrh@%)ﬁ%%h Wob GRS %ﬁereﬁﬂhﬁ%rﬁ’@aﬁd deRi=PER @F ALabl e

pol ymers, pol yurethanes, polystyrenes, al kyd resins, poly- hydroxyal kanoic
aci ds, astpreefepriskiiudins is lassdban about).proic®ss for maki ng a nonwoven web,

cOmPr I $TNg:  a7br eSTHE LEAROIET (R SUBINDY LB AchRRoRBge N

is confined Detween rst an op?pos n t one
of the oppsetegdistitiutionds Ielseahmdabem(mgtasromassage conprising a first,

o onand_ aBesconie Mo PEIRTEI FRERR el fiidth ard 8o MgeSd Pradob ™y xit
end, \Ahevs@;eatetd%mrtﬁ@grduwébﬁsegin@rbffdowcﬂ&fmcpawégttess todpyanities, section to
t he second section, and assage ends af the exit end of the second

secti on, I@ﬁar%a&l%pwymrﬁ 9 ytge h@éem Rygyrenne, hyd prEdRagebhavi ng a
nonot oni ﬁg(lj gggﬁ&@sdl Qg aﬁ&%ﬁﬁ\bﬁﬁ?{fohgqﬁéreaf ea fromthe supply end to the
re

transitio | on,
A process for making a nonwoven web, comprising:

a pressurized gas stream which flows within a gas passage that is confined
between first and second opposing walls, of which at least one of the opposing walls is
heated;

said gas passage comprising a first, upstream section into which the gas enters
from a supply end, a transition region, and a second, downstream section in which the
gas flows to an exit end, wherein the transition region fluidly connects the first section
to the second section, and the gas passage ends at the exit end of the second section,
and wherein said first section of the gas passage having a monotonically decreasing
cross-sectional area from the supply end to the transition region, and said second
section of the gas passage having a monotonically increasing cross-sectional area
from the transition region to the exit end of the second section;

at least one polymer fiuid stream flowing through at least one bounded polymer
passage which ends in at ieast one opening in at least one of said opposing heated
walls, wherein each polymer fluid stream extrudes in the form of a film from each said

opening; and
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section of the gas passage having a nonotonically increasing
cross-sectional area fromthe transition region to the exit end of the
second section; at |east one polynmer fluid streamflow ng through at | east
one bounded pol yner passage which ends in at |east one opening in at |east
one of said opposing heated walls, wherein each polyner fluid stream
extrudes in the formof a filmfromeach said opening; and -34 each
extruded polyner filmjoining with the gas streamin the second section of
t he gas passage, and the polyner filmbeing fibrillated to formfibers
conprising sub- mcron fibers exiting fromthe exit end of said second

section of theagaexpassdpelynd filnd fenipyedtsheafascdtaiam b thetsecend seetin of
net er defined as
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| nnerpemigRibedt ekilifg ARhY IR/ e:RAaRAGIC AP LB sadtioh of Midlbadbhssabeanet er of

each pol yner passage open| ng rangi ng from about 001 inc about 0.100
i nch. 11 The1Br océbse mﬁcaﬂsa&fmalm9wtmr@ﬁnmaqh@%mgh@assagemmé}mds@o‘}lstner

film tgnaeﬁ.idrgﬂﬁc G555 % :{[elfz! sr\‘}éﬂf ek Grglle? 1%5?9%{95}6? tlpé)ééﬁgﬁfre{ggz,sage

openlng foceos wherei n a I'sectin
defined passaye @mgurh@dnﬁnia;bm mmeobemmetmmgltim b@lymlpas:mage‘ opestingredhiccecond

cauar voraue Sfmdiel ol A polvBer prgsacelare raBrn bt Onethudh &

bi sect or gghuttheo@nwire between the first and second walls, geonetrically
di vides the second_section into two hal ves with about equal vol urres. 13.
The process ofl1cl all i pProcasral €laimt e whieseiptthe polymgr diligihasirerelymet livd t he

second wg; %k%e%%%t E?éé&ﬁﬁ%ﬂﬁ]@@auﬁé &sknﬁ'té%ﬁtthé‘ggﬁmériﬁgsﬁgé‘gﬁé nihgom about

15 to abou rees Irst section section angle
of the first &ad t]ﬁbe psmsaabfwmlmsﬂwvuﬁerelewﬁst bzsectm@sw&m@ndem@ea?e Ang

f lﬁref ggg rﬁﬁé] eégfsggt@r opﬂwe angle %etween tthe%:rst s?eec%n'dnwéig gec ﬁ:%mjcaﬁ? % \)lcﬁ)&s of
the first section into two halves with about equal volumes, and a second bisecting
surface, defined as an angular bisector of the angle between the first and second
walls, geometrically divides the second section into two halves with about equal
volumes.

13. The process of claim 12, wherein the bisection angle of the first and the
second walls with respect to the first bisecting surface ranges from about 15 to about
40 degrees in the first section, and where the bisection angle of the first and the
second walls with respect to the second bisecting surface ranges from about 2 to
about 20 degrees in the second section of the gas passage.

14.  The process of claim 13, wherein the first and second walls of the gas
passage are heated to about a same temperature to provide symmetric thermal states

with respect to the first and the second bisecting surfaces.
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14. The process of claim 13, wherein the first and second walls of the gas
passage are heated to about a sanme tenperature to provide symetric thernal
states with respect to the first and the second bisecting surfaces. -35
15. The process of claim 14, wherein only one polymer filmforns on at

| east one of the opposite heated walls, and each pol yner passage openi ng
fromwhich polynmer filmextrudes is |located in the upper half of the
second section as determined relative to the Ilength of the pol yner
passage-including heated wall that extends between the transition region
and the exit end of the second section. 16. The process of claim 15,
wherein the filsst &dhe mec@ambfvmuhsmfwhémzrgasy opapehaterdie femebhlay least ved

h that th t f th | | the first t
oot 'y QPATAN PERGS I BFIER Wall. SLr LR RRESRoRT A BRLYERN: he

opposi ng rhér il éﬂﬁnd’%@%)%at‘e‘%ﬁh'tﬁé‘ ubtfiert RAf bf RBSkbAd sE&BIPAs QbteFRmedas
passage. The process of claim1l where one of the opposing walls is a

hot wal | reiahﬂe tq]@edﬁn@tlh afdhe ppiymr@@s@ammcwd}\m@h@atﬁd abexieeddf the hot
wal | is gbul&as heqpéﬁ %@for{é}‘?d"thteh&ltcéﬂcpof"m%gecﬁm sQ@loh the hot wall has

at | east one po passage = openi process of claim 17,
wherein the b|1§ect Tba pamyéss adfcldimmel g, |wfmre|aartdelﬂm ansies:eanddwnbsofma Has es pect
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opening.

18.  The process of claim 17, wherein the bisection angle of the first and the
second walls with respect to the first bisecting surface in the first section ranges from
about 15 to about 40 degrees.

19.  The process of claim 18, where the hot wall in the second section
diverges away from the first bisecting surface at an angle that ranges from about 1
degree to 20 degrees, and the cold wall in the second section converges towards the
first bisecting surface at an angle that ranges from about 0.1 degree to about 15
degrees.

20.  The process of Claim 19, wherein the ratio between the diverging angle
of the hot wall relative to the first bisecting surface and the converging angle of the
cold wall relative to the first bisecting surface ranges from about 1:1 to about 500:1.

21.  The process of claim 9, wherein the angle between centerline of each
polymer passage and the wall containing the corresponding polymer passage opening

ranges from about 10 degrees to about 100 degrees.
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21. The process of claim9, wherein the angle between centerline of each
pol ymer passage and the wall containing the correspondi ng pol yner passage
opening ranges from about 10 degrees to about 100 degrees. -36 22. The
process of claim 21, wherein the polymer filmextruding fromeach polyner
passage opening flows with the gas flow al ong a pol yner fiberization
surface, which has an orientation angle with respect to the first

bi secting surface ranging from about 90 degrees neasured in clockw se
direction to about 45 degrees neasured in counterclockw se direction. 23.
The process of claim22, wherein length of the polyner fiberization

surface correg@ondiThg procesacdt qry2rEwHESBRBE poReNerTimi extlugi®y fidrareaghout
one thousand tines the h%draul i c. diameter of the correspondi ng pol yner

passage &RbIFIPassage prenipdlousvith the gasilon alanssr Bplmendbetirationstiasgcond
val |'s of wtien E§§an%%ﬁ%%@n%?n@iéﬁﬁﬁ?&@éc?wfﬁ%chrﬁtl%g'eéthﬁtsﬁ'ﬂ%e?é‘re&)ﬁﬁ%%ﬁw of
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in the trcﬁﬂﬁfe%lf?&v&igg'dﬁ%:tﬂ;n.the gas passage 25. The process of claim 24,
wherein thé opposing wallTs I'n the second section of the gas passage are
curved such tRat t Mbelpodcasaldf clds 22, adrevex (shgthef thepolycier Vibsrizatiayr from t he

second bi s&cti ng surface ﬁand ciwhe cold wall has a c,or?cavt%ask%%e t hat curves
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25 The process of claim 24, wherein the opposing walls in the second
section of the gas passage are curved such that the hot wall has a convex shape that
curves away from the second bisecting surface and the cold wall has a concave shape
that curves towards the second bisecting surface as viewed from within the second
section in the gas passage.

26.  The process of claim 19, wherein the ratio of the radius of curvature of
the hot wall to the radius of curvature of the cold wall in the second section of the gas
passage ranges from about 1:10,000 to about 100:1.

27.  The process of claim 11, wherein the nonwoven web comprises of more
than 99% fibers with diameter less than about 1 micron.

28.  The process of claim 11, wherein the gas stream is introduced into the
gas passage at a mass flow rate ranging from about 150 kilogram per hour per meter
to about 3500 kilogram per hour per meter.

29.  The process of claim 11, wherein gas stream and polymer fluid stream
are introduced into the second section at a gas stream/polymer fluid stream mass flow
rate ratio less than about 40:1.
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to about 3500 kil ogram per hour per nmeter. 29. The process of claim11,
wherein gas stream and polyner fluid stream are introduced into the second
section at a gas stream polyner fluid streamnass flow rate ratio |ess

t han about 40:1. -37 30. The process of claim1l1l, wherein the gas stream at
the entry of the gas passage is at a tenperature |ess than 50C. 31. The
process of claim11l, wherein the nonwoven web material conprises nore than
35% sub-m cron fibers. 32. The process of claim 11, further conprising
providing a plurality of different polyner materials as different polyner
fluid streanms flowi ng through separate bounded pol yner passages which end
in an openi ng30n afThkgastessne adimstl, vlappipstho gasheabadaiak lehirywiidnepast he

di fferent oI nmer fluid strea tr inthe formof a films from each
sai d opef % St W”?F}?éaWB%l%t?zﬁar\}\gg Graterial conprises multi- component
fibers. 33. A3ﬁ0n\/\ﬂﬁérﬂ)r&\@é%slitff%iﬁ1t 1 waﬁé?élnﬁh@%ﬁﬁfo%n Qe rﬂh%ﬂaf’éoménses
nonwoven web Froduct of the process of claim9, wherein the standard

devi at i ofmYe thamep“gsidirgtieendibsts:i bution is | ess than about 0.5 micron. 35.

A nonwoven “’E?Zproqlgﬁgr&gestsrlﬁ E{ﬁ’:l ?ur%ercclo‘% s?nq ﬁ%@fa‘?ﬁ%ai{ﬂ% @t&%@dard

devi ation of fiber ter distribution’is m cron
A nonwov giffereht polydectatdrialshes fdifecestpadfmet faulmsﬁeammséiommg tHreudh beparatear e

oo oSy BEIHIE S Eh G i RN U5 G SRS o beRPASLSd ™
pol yst yr @geted vailey Wher €IRithe diffeednt-Jaahn oxyal lkaaaing x@ues in idfop@mdid@iisons
thereof. 37. An artl cle conprising the nonwoven web product of claim 33.

38. The HPP eagh gaid &P&PWQBV"“@W%F@ Rofevel: Wieélnéat%a's@f@?ﬂs@é PHlEm t he group
consi sti pgm@bnbihd AR, medical apparel, nedical cleaning w pes, housew ap
construction materials, bandages, pr ot ective clothing, battery separators,
catal yst carrpérs, Amoawp@wgn web product of the process of claim 9.

34. A nonwoven web product of the process of claim 9, wherein the standard
deviation of fiber diameter distribution is less than about 0.5 micron.

35. A nonwoven web product of the process of claim 9, wherein the standard
deviation of fiber diameter distribution is less than about 0.3 micron.

36. A nonwoven web product of the process of claim 9, wherein the fibers
are comprised of a polymer selected from the group consisting of polyolefins,
polyesters, polyamides, biodegradable potymers, polyurethanes, polystyrenes, alkyd
resins, poly-hydroxyalkanoic acids, and combinations thereof.

37.  An article comprising the nonwoven web product of claim 33.

38.  The article of claim 37, wherein the article is selected from the group
consisting of filters, medical apparel, medical cleaning wipes, housewrap construction
materials, bandages, protective clothing, battery separators, catalyst carriers, diapers,
training pants, adult incontinence pads, catamenials products such as feminine care
pads and pantiliners, tampons, personal cleansing articles, personal care articles, and
personal care wipes such as baby wipes, facial wipes, body wipes and feminine wipes,
and combinations thereof.
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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 conbinations thereof. -38 39. An
apparatus for formng fibers of sub-micron size, conprising: first and
second opposing walls defining a gas passage, of which at |east one of the
wal | s is heatable, wherein said gas passage bei ng operable to receive
pressurized gas froma pressurized gas source and to conduct the
pressurized gas as a gas streamin an upstreamto a downstream direction
wi thin the noz8l e, Arhageiratusdbidfongag) RSS apsuls-aBbhsese, @ofipriging: upst ream
section into which_the gas enters froma supply end, a transitjon region,
and a second, down&f§IERMSEEEDT GRPPSINANTAIE defiBING/9a$ PaFRAGEe ChINISRI At Il
wherein f ik hian ;g m £ i i t he
second stgg?i(gr{,ﬁélg}ﬁggiwhgéﬁgglgbgyg%ﬂSéir?cs at t%gbg)%"{d %%éd‘ag%q?ﬁge%g%ond
sect i on, PresfirgRe ges irosap@ressusized gasisonrasf antis eaelushtheagessianidedgas as
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Cross ;js egla:;gp}aatsa@e e?mbrisms & ffiestf npstsdanh gactictghtwhightthe gaexintereihnoh t he
second section; ea

t t one. bounded pol r ssage operable to receive
mol ten  SOPYNENG: AAANSTIGRITGHio: 8¢ A RRSPMn P WS EGRY SEEUTHE PR e 945 y mer
as at | egsivsaden dxditarbvhicRah YR trahsitbA rédib§ AlidlocHndcRAe 8esRtion % d
heated walls in the gas passage, wherein the pol yner Eassage ends in at

| east onébPRAANEPCHOBL aNthstdasrassrgends ab fppexihgne ehthebsecondlsestiomher ei n
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of afilmonto a heatable wa S ] 0l ha W Th e gas
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| east onexipehy e thepgsdadsection;
at least one bounded polymer passage operable to receive molten
polymer from a polymer extruder and to conduct the molten polymer as at least one
flowable polymer fluid stream to at least one of said heated walls in the gas passage,
wherein the polymer passage ends in at least one opening in at least one of said
opposing heatable walis, wherein each said opening is operable to extrude polymer
fluid stream in the form of a film onto a heatable wall wherein the film is joinable with
the gas stream of the gas passage to fibrillate the polymer film to form fibers
comprising sub-micron fibers that exit from the exit end of said second section of the
gas passage.
40. The nozzle of claim 39, wherein the at least one polymer passage
opening from which polymer film extrudes is located in the second section of the gas

passage.
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opening fromwhich polyner filmextrudes is |located in the second section
of the gas passage. -39 41. The nozzle of claim 39, wherein the at |east
one pol yner passage opening from which polymer filmextrudes is located in
a lower, downstream half of the second section as determned relative to
the I ength of the polyner passage-including heated wall that extends
between the transition region and the exit end of the second section. -40

41.  The nozzle of claim 39, wherein the at least one polymer passage
opening from which polymer film extrudes is located in a lower, downstream half of the
second section as determined relative to the length of the polymer passage-including
heated wall that extends between the transition region and the exit end of the second
section.
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