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BUNDLES OF FI BERS USEFUL FOR MOVI NG LI QUI DS AT HI GH FLUXES AND ACQUI SI -
TI ON/ DI ST@bggFBg,\l STRUCTURES THAT USE THE BUNDLES 5

|

TECHNI CAL This invention relates to strucgﬁ?ggw?ﬁg?j
transport liquids by capillary action. Mre particularly, this

i nvention relates to fibers and personal hygi ene absor bent product's
such as diapers, adult incontinent 10 pads, and fem ni ne napkins, and to
the flow, distribution, and acquisition of liquids in the fibers

and produgéggaﬂbpa ~ d@oBACKGROUND OF THE | NVENTION - 15 L
In the pal I USERUS, EOR) MOYNGH LIQ AT HIGH FLUXES: ANDI ACQUISy-Ter
struct ure?wmp W&EPEES mquFé'ﬁg%?%D%d st or age. . U S
Pat ent No. 5,200,248 to Thonpson et al. issued April 6, 1993 and.

di scl oses capillary channel structures 20 such as fibers that include
intrastructture capillary channel s that store and transport |iquid.
The ThonpSon et al. patent di SECHNIGALLFIEIR-se capillary channel.

fi bﬁrs may bfe coaf eqmstz fgdgﬁrﬁﬁi@i &éziwﬁesp%wi@ler@ﬁ;ures't%dhe&aas'l 'ﬁn
with water of at, | east nes/.cm t eachi ngs a specially the
definitions in ﬁén%ss by ﬁ%’r%yeta- %j.'orb'at ?r%r%aﬁg}ﬁﬁgarﬁXQr %b‘l"gt ed by
ref erence as i finventioeirelattds oy e ibexishiand personati hyygaenen provi des
val ues for fibeps ﬁ?ﬂgﬁ$i g%ﬁgpl Lo O : guantities
defined in 30 %b%t e 0 soc?r\ll?esa . paféen‘%ﬁﬁé]?s' édﬁ?gzﬁgggégﬁ'npatent
appl i cat 180 NoPa@s,0 ants rgne napkinsi an¢rterthe £1eWet he application

that matured | @igtributidit HHORSubdition 6t eliquids in the fibers
and products.

" BACKGROUND OF THE INVENTTON
i5 In the past several years there has been Jjreat .
interest in polymer structures that provide liquid
 transport and storage. '
U.S. Patent No. 5,200,248 to Thompson et al. issued
April 6, 1993 and discloses capillary channel structures

20 such as fibers that include intrastructure capillary
channels that store and transport liquid. The Thompson
et al. patent disclosed that these capillary channel
fibers may be coated with materials that provide an
adhesion tension with water of at least 25 dynes.cnm.

25 The teachings and espédially_the definitions in the
Thompson et al. patent are hereby incorporated by
reference as if fully set forth herein. This
specification provides values for fibers shown in
examples herein for some of the quantities defined in

30 the Thompson et al. patent.

European patent application No. EP 0 516 730 31
claims priority from the application that matured into
the Thompson et al. patent.
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-2- United States Patent No 5,611,981 to Phillips et - al.

i ssued March 18, 1997 di scl oses spont aneously wettabl e fibers having a
conbi nat VWP 98497989 val ues and surface contact angl es thBETRSIT/EEY7
conditions for 5 spont aneous wetting. The X factor is defined therein

as X = Plerr](4r + ([err]-2)D) where P[err] is the wetted perinmeter - of
the filament, r is the radius of the C|rcqgscr|bed circle .
C|rcunscr|b|ng the fiber's cross- sectlon nd is the m nor axis

di nension across the fiber's cross- section. The teachings of and

especi al | y the gﬂé&'étgeés'ﬁawgtpnh 831,981 R Bl PG DeeDy

i ncorporated herein by reference as 'sef Thi s
speci fi cation &} scisseed \Maxeh 18 1983r§1501°S§ﬁ0ﬁ@qn$agéﬂﬁﬁhﬁ hereln for

sone of the quaattdbEs éiberseﬁwsﬁgl a E:Bﬁb'fhhldlbﬁﬁ o9&l Y -and
U S. Patent No g 268,229 to |sa edrPec nber 07,

1993 di scl osesS¥H é??.€°nEP°Enan9E9 PEndt §ﬁ§ﬂ§53b
spont anedis| y spohtiheotis wetting. ThehXstfakitiorziisg demjmedZCtherein U.S.

Pat ent No. 5, 4 d

el i oy e £43 € OELLPPIROA P EHYETR, 15 5B el AN GRS

di scl oses °f"ﬁheaﬁﬁlamen§hapedspﬁh?oréﬂﬂﬁsfPﬁbﬁbﬁMQIrqnmﬁ¢¥#kﬁﬂlarm
width ratios geepeee &fPBuiscHiBSAgl LR8N $ided 80 e sirtiomtandrge that

ey, are 1900 S Enlonste® AEORMIE don neste ¥ SIE0 o GIBLLE 1
| nternatl@nal gecthbnapprheateachbfgsUsEsahdiespeciallyr seses a structure
LLoboy o T SeBApLEBREPLE pleniths ol i d el o0 0
1ncorporated herein by reference as if fully set orth
herein. This specification ‘discloses values for fibers
shown in examples herein for some of the quantities
15 defined in the Phillips ‘981 patent.
U. S. Patent No. 5,268,229 to Phillips et al.
issued December 07, 1993 discloses specific “U” and “E”
shaped cross-sections of‘quntaneously wettable fibers
with stabilizing ‘legs. |
20 U.S. Patent No. 5,314,743 discloses non—woven webs
made from capillary channel fibers.
U.S. Patent No. 3,121,040 to Shaw et al. discloses
“+” and “Y” shaped polyolefin fibers with arm length.,arm
width ratios greater than 4. These fibers are so thick
25 and large that they are too stiff for use in consumer
disposables. The smallest arm width disclosed in the
Shaw et al. patent is about 75 microns.
International patent application PCT./US95./08896
discloses a structure that is capable of transporting
30 liquids by intercapillary action using essentially
parallel fibers, and discloses that the driving force on



WO 98/ 07909 PCT/ US97/ 14607

- 3- t he quuid Is directed fromthe open areas to the closed

ar eas. U S. Patent No. 4,829,761 to Phillips et ]

May 16, f@%gwﬁ?@%loses continuous filanment yarns. The 5 ak?gﬁéﬂﬁﬁgé of_ .
and especially the definitions-in that patent are hereby incorporated
herein by reference as if fully set forth herein. This speC|T|cat|on
provi des val ues for fibers shown hereBn—for the specific volune
quantity defined in the Phillips '761 patent. U S. 10 Pat ent No.
4,245,001 to Phillips et al. also discloses t he specific vol une i
quantity, and the ddsaHidngs sixestad from | the rgReRt XL tef thencdosed f -
fully set fortRra@ssin. The specific vol une |s defined in the Phllllps

‘761 patent in_unjt ubi c centlne S n1as 044

di vi ded by the \A/elgHsof%P%@r&aN‘?lﬁ’&%ﬁmﬁﬁg e jiﬁﬁb‘@lda

t ensi on of O. 1ngaas,pamaaemiscﬁhsesicaﬂttnnous fllﬁmqntny&rhblngmhh 8. 044
cubi ¢ centl Met o kpliHg oF g e Hﬁ ReL {dCe YRILIBALS shgpygl UTe per
gram of materia q ? ers-of P € yarn are
20 pressed a@am«mt m m;vtetm mpqnn;om%#rél%respab)é reference ase ifhder

a defined tensis@lly set forth Her'eid. trﬁhié“éﬁé@ifi&a@fbﬁ”ﬁfe@&ﬁ!&tUres“
t hat absor and transport |i uid.is because of the
RS Tk SRR MRRRL

applicability Mg R fﬁﬁetbﬁ sPeFﬁ?éﬁtUP&“@Fbw
absor bent corespnﬁnﬁngemmﬁiﬂuaﬂmﬁ the PhilBpesablelppatents lucsudlng
diapers, dul t | ent nipe_unap

three pri ?r’ar ﬁar{%% l}ﬂ’ct [ dnzs45 °°§€£‘? tﬁglﬁli%t%?bugl 0%128 gﬁngoi_ gg? of

| i qui ds. The d‘téla ispecific vediumsn quantity al ayd pdbe| yeachingsxazet @ds@ t h

current absorbqr;,tc &rmw&t&é&&fbé‘%s if fﬁiwfséw Bo2Rfl/ Rer@4Rer
absor bent poly conseguence, excess|ve ai%ge and poor

utilization of T = sP??ﬂ§¥ﬂx¥ﬂ%ﬂﬂﬁ [detined; in FEFa?P% Bsth851
t heoreti cal patereXiinnmitsorderdulshpacenyinétébhe pépsoghant asoiBe 044

i5 divided by the weight of the yarn in grams when the yarn
is under a tension of 0.1 grams per denier for a volume
of yarn filling an 8.044 cubic centimeter volume. Thus,
the specific volume is the volume per gram of material
in a volume of space when the fibers of the yarn are

20 pressed against one another in the volume of space and
are under .a defined tension.

Much of the interest in polymer structures that
absorb and transport liquid is because of their
applicability in consumer disposable products. The

25 inventors view absorbent cores of modern consumer
disposable products including diapers, adult incontinent
pads, and feminine napkins, as having three primary
functions; acguisition, distribution, and storage of

_ liquids. The distribution function is typically poorly"

30 executed with current absorbent core components such as

' fluff pulp and-ror super absorbent polymer. As a
consequence, excessive leakage and poor utilization of
the absorbent core material relative to the theoretical
maximum absorbent capacity of the absorbent core
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-4- material are problens limting the performance of these

consuner di sposabl es. Poor distribution occurs because the -
conponent WQ18/07909 t he core are typically good at storing IBRGRUSRI/ENT poor -
5 "~ at distributing them Mny attenpts have been nmade in t he prior
art to solve this problem | nternational Patent Application No.
WO 95/ 00093 dated January 05, 1995 digcloses a sanitary pad with a
liquid directing strip and an absorbent stTip positioned 10 under a top
sheet . S U S Patent No. 5,342,336 to Meirowitz et al. I ssued

August 30, 199ﬁ’xa§8ﬁ13i3Si-856§081§héu<it1&h&%1fr{¥ the peX ¥ iine 33F these
transporting a at Tnc es aped staple fibers to nove

li qui ds nore tSRﬁgHmFﬁedéﬁagséplfﬁ the pad. Typically, staple fibers are
| ess than two Pbbehaistetibution occurslﬁediuéﬁﬂtﬂé démpdnants’24f to

ncl uding a tophe 88re pre thRiealiy, foR B BRh Y LARa S BhE' Boor

t her nopl abti c at distribbbingethems t Manyheditempts haveseeermader én  The
Azi z patent teﬁﬁgeérﬁﬁﬁtakESt%t%Bﬁb%r%hﬁkﬁ¥ﬁﬁhﬂédﬁ“”d in the core

fromflow ng out o sQrbent core to the top sheet when the
structure is squeezd@ternational Pgtegt ﬁﬁﬂ%ﬂcﬁ§;°qﬂ@@ﬂ.@949§6°QH?3|ssued
March 30, 25 Aqag8a gatudrycbossel193s diswlvaes af tdaniPtang | paldngitht ap

h , I 1D | j T
sheet. 8 Lo g LAy e SRR Srip, pobbEsbRe
mul tiplidPty okndgpemedtop sheedapillaries, and an absorbent core. The Ahr

patent 30  assertsyhgf, bQ‘Ee@W NI 6G3UE ﬁ@“ﬁé’%iﬁ@&fﬂﬁdet al.
acqui sition ang reduced re-wett Uni ted g@%don1Patent

Appl i cati on CBlSshes pugust 30, ﬁ%@%mﬁ HEFIRRRS 13 SHOYEERRE §P%c| oses
an absorbent absortdvieC andhairanaportdhd d i XithiiPetivaouineDudess Bhapedan

35_ absorbents%g%ﬁe %Q%e%slkgyiﬁ> ervﬁﬂfﬁérﬁé%é“%%&%ﬁh'éﬂgrends of
15 the pad. Typically, staple fibers are less than two’
inches 1long. . _ :
U. S. Patent No. 4,324,247 to Aziz issued April 13,
1982 and discloses an absorbent article including a top
sheet, an absorbent core, and a perforated thermoplastic
20 film between the top sheet and the absorbent core. The
Aziz patent teaches that its structure prevents liquiad
in the core from flowing out of the absorbent core back
to the top sheet when the structure is squeezed.
U. 8. Patent No. 4,321,924 to Ahr issued March 30,
25 1982 and discloses an absorbent article including a top
sheet, a layer of fibers affixed to the inner surface of
the top sheet, the fiber layer overlaying an
intermediate layer having a multiplicity of tapered
capillaries, and an absorbent core. The Ahr patent
30 asserts that the Ahr structure provides improved
acqguisition and reduced re-wetting.

United Kingdom Patent Application GB 2,225,724A
was published June 13, 1990 and discloses an absorbent
device that includes a liguid pervious cover sheet, an

35 absorbent core, and a liquid pervious intermediate layer
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-5- that is between the absorbent core and the cover sheet and

t hat .-has s and contours. This patent - applic '
that its @@ﬁﬁ8ﬁﬁﬁe provi de reduced re-wetting. 5 %&hﬁﬂgﬁﬁagpent :
Application Serial No. 545,450 filed Oct ober 19, 1995 discloses an
apertured filmwth cut out portions in the apertured walls to provide
spontaneous liquid inversion fromthe frong side of the top sheet to

t he backside of the top sheet. The 10 teachings of the '450 application
are hereby I ncorporated by reference as if fully set forth herein
-and may be usethat isnpetwéennthet Absberbahtocor® and theroowetr sheetti ons
defined herel fand that has MHSEthPELead RoBRAGHA. OHINIGAEahE? (1 Lhe

art 15 to |ncreas ent capacity an t ransport
capacity of papphieatienrasserss Vbﬁtoa§s StrQQﬁﬂﬁanﬂQNEﬂeTh%@@ceé a

nore specific f@n&éﬂﬁiﬁ? need in the art for a famly of acquisition
di stributjion strucfures which_cgan better trans ort and dlstrlbute 20
liquids i? di sposabVeSabEdFeBht ABPidcatdon Rexdadi 50ifiledto the

provi si on of suchobéﬁt 1bheilppssdikcloses anveq:temmnai mi:rmrwiwdcﬁﬁct ed.

Further, it is a?grgggﬁgskﬁoqhg{]%be%{%fgngﬂ ff° ro¥ (?gel ve of

addi ti onal app?lc rons-rela nove spor ability of the
basi ¢ fiber st#pentianeous llqunécRo§@¢SHQMEﬁeruﬁhﬁhfgpmtIsedengfothe

liquids and  top §H§8€“€b0€ﬁe B%kéq@ealoft RS RYP ézieétqw-ﬁﬁ and
verti cal ransgort UWARY OF THE

i
| NVENTI hln?ﬁegfn$gﬁt|6§°|?EE%&ﬁﬁﬁ%?QﬁaQSNH?Eﬁ?¥ fibers for
transporting fincdspofheeauhgl eetem‘pucaeasah.ﬁ eEtEItl)t veet forthihereaihhat

when acting as.hgdekLonal JLLBEGS BoRiRARion widd AUNPOLbEESRghs! | Ul S, et

when in a bundf ers pro I'S” an excel | ent
transporter of product 1nvent:|.ons defined here:l.n.

Thus, there is a general ongoing desire in the art
15 to increase the absorbent capacity and the liquid
transport capacity of polymer material for various _
applications. There is a more specific continuing need
in the art for a family of acquisition-sdistribution
structures which can better transport and distribute
20 liquids in disposable absorbent products. Accordingly,
it is to the provision of such that the present
invention is primarily directed.
Further, it is to be understood that the inventors
conceive of additional applications relating to the
25 novel transport ability of the basic fiber structures
disclosed herein including filtering of liguids and
suspensions, horizontal transport of liquids, and
vertical transport of liquids.

30 ‘ SUMMARY OF THE INVENTION
The invention is a bundle of synthetic fibers for

transporting fluids. The bundle comprises at least two

fibers that when acting as individual fibers are poor

transporters of fluids, yet when in a bundle the fibers
35 provide a bundle that is an excellent transporter of
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- 6- fluids. The bundles are useful in absorbent articles such
as diapers, incontinents and fem nine hygi ene ~ products. ' The
bundl e h¥O288M8Ri fic Vol une greater than 4.0 5 cubi ¢ c®CATUAIT/A4697 per
gram (cc/gn), an average inter- fiber capillary wdth of from25 to
400 m crons, and a | ength greater than one centineter (cm. -~

Pref erably, the fluid to be transggaéqg i s aqueous and the novenent.
of fluid in the bundle is neasured. according to the 10 fol |l ow ng

paraneters as defined herein: a MPF[err]/MPF[err] greater than or.
equal to 3.0, ﬁlﬁfﬁﬁerr%hSrSQESEeéh&BeOﬁseful 19ﬂ%§sdﬁb chtl 4t /V§F ]
err
e

centineters per gﬁnler er ho en* %) VR[err

greater than of@EQuaP ¢ agegs, in°°n§ﬁ e& %@%ﬂ% equal to
4.0 centi et erprédagtsls At | east one of t he two flbers has a

non-r ound | SLn r F han
4.0, a Specific Cag‘lﬁﬁﬁ ﬁﬁﬁ@fﬁuﬁgsl ésgbgﬁg'r#g‘ 8% L“/§1 %o&[e%tg‘: %gép%élsf iC
Capi | | ar y5 Sur f eveipr eantinetenanpegograny gmc/gm) ’ aah@mage hmt ey of

intra-fiber chagBeksch 11&151-9 width B2Picronl YsChayRlo WMikkioss faaRa ahan
300 m crons € Cross- ectlon deflnes a.%#rst grn1haV|ng

a length great%?n?ﬁgngﬁﬁaﬁ?Erﬁhgn PRE F PL¥etion of
the fibers rangheugluddatoobe tﬁaﬁsportedﬂmswmqneuu§1anﬂnxhé nhoeenmsntpl es

havi ng arm | ength t t wee eferabl
t he ° fibe 8}5 %%égdal e?iﬁér SE;ggn %@t \%é%%%f?&j 3’%%@0 é Y
cross-set®ion ﬁﬁéllpwengupaaa@e&:ewpogﬁ defiged henein: a MPFyOMREs# i bers

preferably sat gi»éxttabethaﬁquﬁ' b.t;iﬁal( Ebebr o, a mrcoa&[e%rﬁd@)ﬁﬁ& g 0. 03
dynes/den, wherein_P.is the net er of thé& cross-section of the

fiber, yis th@qga}f§8e° 14 cuPéﬁsFGHt&P9ﬁﬁ§%|HﬁH(PeQﬁ%Fr?%6 hQuyye
advanC|ng conthC/(den*hamgleao qyrdaﬁansﬂhad or aduadl taurfare nmade

from ° the.gang gateplabeas bgn' Q@ eqttd 131419 UihefiBters (ol face

treat nent and nrer
15 At least one of the two fibers has a non-round

. cross—section, a Single Fiber Bulk Factor greater than

4.0, a Specific Capillary Volume less than 2.0 ccsgm or
a Specific Capillary Surface Area less than 2000 cc/gm,
and more than 70% of intra—fiber channels having a

20 capillary channel width greaﬁer than 300 microns.
Preferably, the cross-section defines a first arm having
a length greater than 40 microns. The lengths of the
cross—section of the fibers range up to almost 1000
microns with some of the examples having arm lengths

25 that are between 100 and 400 microns. Preferably, the
fibers have a denier .(den) between 15 and 250. The
cross—section and the surface composition of the non—
round fibers preferably satisfy the inequality: (Py
cos(fa))s@a > 0.03 dynes~den, wherein P is the perimeter

30 of the cross-section of the fiber, y is the surface
tension of the liquid, (fa) is the advancing contact
angle of the liguid measured on a flat surfacé made from
the same material as the fiber and having the same
surface treatment and 4 is the denier of the fiber.
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-7- Further, the invention includes the novel spinnerettes

used t.o t fibers of the bundles. Those spi nner ar e
char act e%@émg'?? very large  ratios of the length to tﬁ&ﬁ#ﬁ?’rﬁ‘% the .
aperture of the 5 . spinnerette and | arge absolute | engths. of secti-ons of

the aperture of the spinnerette. Preferably, the length to width
rati os of a section of the spinnerette [ sy _. greater than 40, nore
preferably greater than 60, and even nore preferably greater than 100.

The length to 10 wdth ratio of individual cross-section segnents (e.g.,
| egs, arns) may berhethes) {8eadtivehtifionl Ahcludes the hovéler, the process

pol yor o | sPiBBRReRtes oga e pRI eAd Elery SECHHCRuRREAT 1T 1o
heat ed pol yneThoseospinnerstsesuarehshianpcteriked dby very laxget han 0. 12
milimeters (#gkigddor el ongifl kPt vidth o£%heSlpbiiBee! B2 Wi N

Further, |iquid,acquisition | bution structures are included in
t he i nvefiti onSRAPBRTES S PR darge ARRQLlute lengths sofcFRekirms: O
liquid, a di sthiebdpegturdy®f thed spinneretits] Stppéfetapty, the length

di stribution [ayer ri,ses. a illary systemproviding capillary
forces on the!l"‘>y"']'d "%atdo\ﬁn&f. ﬁ?ﬁ?%‘b cl?é ﬁgc%fﬁﬁ?rﬁn&:gﬁ ?‘ﬁe

di stribution Bxpatereridiang 400 moxesprraferably qgreatsér thanablgl and the top
layer. The ! @Ved 3% |B¥eriily greater A 2066, | AfAe 1aAgHN kafe and a

I
resi stance | ayer ottom su e resistance |ayer provi

resi st af@e t o WiAHhs Fatdio pfoindiyiduns £rossTEREtion segpepssaiCe I ayer

top surface tQegas 2wt AL Y lbitwdbn 4OLAHA aWbhBCE50.An absorbent core
may al so be added tQo e structures_which m neat h

be_h
resi stance | ayer urthcﬁr,pt 9 zﬂzﬂf’%ﬁﬁ r%ﬁrf&%]alﬁg ¥ﬂﬁegF§FFFbﬁtfit gﬁ’ﬁ ayer
and t he presientarigwednbion includes heating the polymer to

between 270° and 300° centigrade and extruding the
15 heated polymer through an aperture having a width of
less than 0.12 millimeters (mm) and a total length of at
least 50 times the width.
Further, liquid acquisition-distribution structures
are included in the invention which comprise a top layer
20 that is permeable to a ligquid, a distribution layer, and
a resistance layer. The distribution layer comprises a
capillary system providing capillary forces on the
liquid when the liquid is in contact with the
distribution layer tending to transport the liquid
25 parallel to the top layer. The resistance layer has a
. resistance layer top surface and a resistance layer
~ bottom surface. The resistance layer provides
resistance to transmission of the liguid from the
resistance 1ayer top surface to the resistance layer
30 bottom surface. An absorbent core may also be added to
the structures which may be beneath the resistance layer
or partially surrounded by the distribution layer and
the resistance layer.
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BRI EF DESCRI PTI ON OF THE DRAW NGS ~Fig. 1A is a schematic
identifying relative di mensi ons of an aperture of a spinnerette used
in aXOpOWoe; 5 Fig. 1Bis a parti al sectlonaPCWﬂﬁmM§ﬁEmnng a
bore detail for the aperture of the spinnerette of Fig. 1A

Fig.- 1Cis a plan view of an interior face of the spinnerette. used in
exanple 1 showi ng a bore and aperturegpattern; 10 Fig. 2is a
phot ocopy of a photograph at a magni frcati on of 156 of cross-sections
of the fibers of exanmpl e 1, Fig. 3A is an engineering

diagramin plan show ng A ﬁg&ﬂip fofll 6PNehHRNPrAWTRRsAPErture of a
spi nnerette 15 used in _exanple 1S.a parti al

sectional view showfrg-alBoi® a schepatiq *qﬁ“q4é§%ﬂﬁw¥%ﬁ% tiyet he 8
spi nnerette, sdenenBiBmg of an apérture of a spinmherdtte ws@fafinvi ew of an
I nterior face 8&a& spi nnerette used in exanple 2 showi ng a

spi nnerette pertdre pattern; Fig. 4 is a photocopy of a
phot ograph at a Figwad®i fiisc at poxtdiall gegttionak sview tshowing aj bore of

exanpl e 2; 25 getail fiordthe aperdudd td@'th%féﬁﬁ{wéré/t'@évaf R1§0r gaf;0r

an aperture of a splnnerette uSed_in e 5B.1S a

schematic view of afB@relndsaf Plan Vv g‘ﬁg‘FtQF é‘“bf”ét%‘ﬁ%J%Fge'aﬁs@Hei n
exanpl e 3; spinnerefite used 4m exapind iT shtwing ya rigorel ahave 30

di nensi ons of rtur Spinnerette used in .exanpl e 3;
Fig. 5Dis a p?gh Vi <§%€%$f%Hterlor face of the spi nnerette used in

exanmpl e 30showi ng an@-e 2ard@ anphotocomerafire photegraph at a
magnification of 156 of cross—sections of the fibers of
example 1;

Fig. 3A is an engineering diagram in plan showing
the relative dimensions of an aperture of a spinnerette

15 used in example 2;

Fig. 3B is a partial sectional view showing 'a bore
detail for the aperture of the spinnerette shown in'Fig.
3A; -

Fig. 3C is a plan view of an interior face of the

20 spinnerette used in example 2 showing a spinnerette
aperture pattern; '
_ Fig. 4 is a photocopy of a photograph at a
magnification of 162 of cross—sections of fibers of
example 2;

25 Fig. 5A is a partial sectional view of a bore for
an aperture of a spinnerette used in example 3;

Fig. 5B is a schematic view of a bore and an
aperture of a spinnerette used in example 3;

Fig. 5C is a schematic identifying relative

30 dimensions of an aperture of a spinnerette used in
example 3; '

Fig. 5D is a plan view of an interior face of the
' spinnerette used in example 3 showing a bore and an
aperture pattern;
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-9- Fig. 6 is a photocopy of a photograph at a

nagnlflcatlon of 158 of cross-sections of the fibers of exa ;
Fig. 7A i sV Wl sectional view showing a bore'5  det é’qr"l’%yr%lﬁ?" )
aperture of a spinnerette used in exanpl e 4; Fig. 7Bis a
pl an view of a bore and an aperture of t he spinnerette used imn
exanpl e 4; Fig. 7Cis a schemalig Ldentifying relative 10

di rensions of an aperture of the spinnerette used in exanpl e 4;

Fig. 7Dis a plan view of an interior face of the spi nnerette used in

exarfplﬁ 4 show n]gl a P%E;Q Gn(isae photoctipy off @ ]Ezﬂidwg‘raﬁt? at5 a Fig. 8
i's a photocopy of a.phot
cross-section of® gnflg °£at15§xé’r$plcc§'°?%g' ’Eeét%ﬁs‘)%€ tgl;l %é‘% -of

parti al sectionekamp@n Strowi ng a bore . detail for an. aperture of a

spinnerette used 1n #g. /%3P partial sectioddd. ﬁ&zi&tﬁumgnavw%of a

bore and an aperture o the“spinnerette used in exanple

Fig. 9C isBa scRevadilc fioyemn AReTFune ofc|mSRiginerette)iygsdi PAs of an
aperture of theexampley af;te used in 25 - exanple 5; Fig. 9D is
a plan view of an in erlor face of ' pi nherette.used | a 5
showi ng a bore and a&l’ dﬁe @J@'ba‘ﬂee'f rf'fs bote andl'—? !i%reérg%ﬁ
phot ocopy of a [th@tcsgnamemim 3ed imagE¥ample idn of 163 of a

Cross- section of a figgy, Ofc ig a UGS identisrying Fofatild is a

partial sectional VIeM/ShOMAng a gerture of a
spi nner et 38 usedimensions ©& AN apprture of the splnnerett used in

example 4; }

Fig. 7D is a plan view of an interior face of the
spinnerette used in example 4 showing a bore and an
aperture pattern;

15 Fig. 8 is a photocopy of a photograph at a
magnification of 158 of a cross—section of a fiber of
example 4;

Fig. 9A is a partial sectlonal view showing a bore -
detail for an aperture of a splnnerette used in

20 axample 5; _

Fig. 9B is a plan view of a bore and an aperture of
the spinnerette used in example 5;

Fig. 9C is a schematic identifying the relative
dimensions of an aperture of the spinnerette used in

25 example 5;

Fig. 9D is a plan view of an interior face of the

'spinnerette used in example 5 showing a bore and an
aperture pattern;

Fig. 10 is a photocopy of a photograph at a

30 magnification of 163 of a cross—section of a fiber of
example 5; '

Fig. 11A is a partial sectional view showing a bore
detail for an aperture of a spinnerette used in
exanple 6;
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- 10 - Fig. 11Bis a plan view showing a bore and an

aperture of the spinnerette used in exanple 6; Fig. 11Cis a
schemat i cwolosireeg t he rel ati ve di rensi ons of an apert peensbrideer
spinnerette used in 5 exanpl e 6; Fig. 11D is a plan view of- an
interior face of the spi nnerette used in exanple 6 show ng a_ bore and
an aperture pattern; Fig. 12 is a photocopy of a

phot ograph at a 10 magni fi cati on of abol® 90 of a cross-section of a
fiber of exanpl e 6; ' Fig. 13Ais a partial sectional view
showi ng a bore F det for erture of a spinperette.used in
exanple 7; 15 1qu{ﬂ ?585§€I%53V|§ ¥+Pe Bo 8r5n8n§nagperture

of the sm|ﬂuﬂanemtusedofHUmaaamdnnérette used inFeygampl€ 65 a schematic
showi ng the rel ati 1E%digggSégﬂémgélénfﬁagghgrehgfrgﬁgtggbnnerette

used in gramp o s a-plan view of an interior
face of the 1me%§#ﬂh%r%ft%nu%E%rF“r%xaﬁpFBe7SEHB%Pﬁ§t§ebBﬁédaﬁ& an

aperture att egample 6; Fig. 14 is a photocopy of a photogr aph at a
magni fication of ahQut 130 of a cr SS-secti of. | ber anpl e
7; Fig. bg :gﬁ?i b%l’?l% eXf?‘Sng? 9%3/“ r&o&}gce of ai l

for an aperturspimnereptanusedtEnuexdmphe 6 showingpkeb®re and an- Fig.

15B is a plan y pre and an 30 aperture of the spinnerette
used in exanpl e b%?t&P&“bQﬂtérﬂ Fig.- 15Cis a schemati c I dentifying the '

rel ative di meRigen32 oist AcPhpteEoPE Of RhEhoSPERaPS & @sed in
exanpl e £o magnification of about 190 of a cross—section of a fiber

of example 6;

Fig. 13A is a partial sectional view showing a bore
detail for an aperture of a spinnerette used in
example 7;

15 Fig. 13B is a plan view of a bore and an apertufe

. of the spinnerette used in example 7;

* Fig. 13C is a schematic showing the relative-
dimensions of an aperture of the spinnerette used in
example 7; '

20 Fig. 13D is a plan view of an interior face of the
spinnerette used in exampie 7 showing a bore and an
aperture pattern; |

Fig. 14 is a photocopy of a photograph at a
nagnification of about 130 of a cross—section of a fiber

25 of example 7;

Fig. 15A is a partial sectional view of a bore
detail for an aperture of a spinnerette used in
example 8;

Fig. 15B is a plan view showing a bore and an

30 aperture of the spinnerette used in example 8;

Fig. 15C is a schematic identifying the relative
dimensions of the aperture of the spinnerette used in
example 8;
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- 11 - Fig. 15D is a plan view of an interior face of the

Spi Nner eyl in exanpl e 8 showing a bore and an ttern;
Fig. 16 Is gMB ot ocopy of a photograph at a 5 nagnificggﬁgﬁﬁgﬁﬂgﬁqutHZBO
of a cross-section of a fiber of exanple 8; Fig. '17A is a
partial sectional view of a bore detail for an aperture of a
spinnerette used in exanple 9; 16- 11 - Fig. 17B is a plan view of

a bore and an aperture of the spinnerette used in exanple 9;

Fig. 17Cis a schematic showi ng the dinensions of, the aperture of the

spi nnerette used i BigxaffPeis a plan view gf; an Antarion, faceiefy Brean
interior facespinhb®ette used 1M iesiandles ¥ SHOWNRITE ks awa nana .bore and

an apergug%tggtter : . Fig. 18 is a photocopy of a
phot ogr aph at *B re ®M™dat i on of about 87 of a cross-section of a
fiber of exalfiigs 46 4@ a photodepy dfb/A iphctoptaplmtat af a fi ber

Cross-segti ONndlmieicathlcPRY aboATE ol SNGUILLLEOEISh [ 8£0a I SBRSI ONS |
of t he crdss-section; Fig. 19B 1s a schematic of 11 ber
cross- sect i on®8f exampley8gphetic exanpl e 10 which will result fromthe 25

S]E)i nnerette aper]'E urdeshawn iis @ g,araglf se°t5h°na.‘1 viéw cliﬁcaiﬁoﬁem an view
of A, 2PET U Bl gor, o UMIEN! 0T BUORIEN SRS, 30 120
di mensi-ons foexampler @s- section of 30 ~a fiber of example 3;
0 oed " R Sene B 3 S Ve 5L £t ana ol BpRELLECS T
of the spinnerette used in example 9;
Fig. 17C is a schematic showing the dimensions of
the aperture of the spinnerette used in example 9;
Fig. 17D is a plan view of an interior face of the

15 spinnerette used in example 9 showing a bore and an
aperture pattern; 7 L )

Fig. 18 is a photocopy of a photograph at a
magnification of about 87 of a cross—section of a fiber
of example 9;

20 Fig. 19A is a schematic of a fiber cross-section of
prophetic example 10 showing generalized dimensions of
the cross—section;

Fig. 19B is a schematic of fiber cross—section of
prophetic example 10 which will result from the

25 spinnerette aperture shown in Fig. 19C;

Fig. 19C is a plan view of an aperture of a
spinnerette of prophetic example 10;

Fig. 20 is a schematic of a fiber cross—section
showing generalized dimensions for the cross—section of

30 a fiber of example 3; |

Fig. 21A is a schematic of a fiber cross—section of
prophetic example 11 showing the generalized dimensions
of the cross-section;
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- 12 - Fig. 21Bis a schematic plan view of the shape of a
spinnerette aperture the use of which will result in a fi ber having-
the crossWOBO®® shown in Fig. 21C Fig. 21C i BCA/USOHIARRT | c. of
a fiber cross-section of 5 prophetic exanple 11 which will form when”
using the spi nnerette aperture shown in Fig. 21B; ~ Fig. 21D
is a schematic plan view of an aperture_o%2 _ a spinnerette for use in
prophetic exanple 11 which wll produce a fiber whose shape is
simlar to the shape 10 shown in Fig. 21Awith all of the [err] angles
being 90[err]; m g. 21Bigs alEchématmbaplahe%atz oF pe shapellott a

splnnerette for_pro C ex | e 1 which wil | f,i ber whose
shape is sinm I%PBFB %Lgh% f use of.wh- c 1ﬂ"§mlt Ffeélulﬂof“’c Be [err]
angl es being gﬂiber]haﬁﬁng the crESg—sééﬁlon shewhetdmat Fdgpl 2104 ew of an

aperture of rig. ”Qf&eiée fQEpBﬁQ?QSt h‘f SXﬂBLe‘E- Ho%g%'éé%'&hog

produce a fi ber mhose Shape 21A
with all 9f tharfphepangxempbeu 34y wbiehryill form whenFuging) ches 4 pI an

vi ew of an apegﬁﬂﬁﬁegthGZQpertﬁféngﬁbﬁhtgnfgﬁ pr@g@gtlc exanple 11 which

w || produce ose s Iar L0 the shape own
Fig. 21A with all oglgheszrFf ﬁnﬁFggmﬁtﬁﬁ géPe? w ol an 4%e£¥3 CESA i s
a schematic of aaspinnersttéei forofise in probhbtliwlumpg.eganemimdedrill :

di mensi ons of 6£085:8°4! E9BSr 2BnoseOknhBE bPEiRITh AR 3

Fig. 22Bis a SS-secC haV|ng t he
general i ¥8d sh&bewsf inj Bégs 81A with éi&npfetbeand emgtles keins @Q° % rom -

the spinnerette Fi QPQ&EUEQ ahpwani ¥ikWwlof2dn aperture of 9. 22Cis a
schemati ¢ of an se .of ich I

ner et t he
result in a fiﬁgg neret%ﬁaspﬁgpFﬁEh8§g§s t‘lGn qq]ﬂ% - Braguce
Fig. 23 is a sah€ibeircwhbse shape- isctimilafr 2o the shayper ghawimdin he

generalized shapg ob)hi G§tR 811°%8"Bh& 9 andles being 90°;

15 Fig. 21F is a schematic plan view of an aperture of
a spinnerette for prophetic example 11 which will
produce a fiber whose shape is similar to the shape
shown in Fig. 21A with all of the # angles being 90°;

Fig. 216G is a plan view of an éperture of a

20 spinnerette for prophetic example 11 which will produce
a fiber whose shape is similar to the shape shown in
Fig. 21A with all of the # angles being 90°;

Fig. 22A is a schematic of a cross—section of a
fiber showing generalized dimensions of cross—sections

25 of the fibers of example 5;

| Fig. 22B is a schematic of a cross—section of a
fiber having the generalized shape of fibers of
example 5 and that will result from the spinnerette
aperture shown in Fig. 22C;

30 . Fig. 22C is a schematic of an aperture of a
spinnerette the use of which will result in a fiber
having the cross-section shown in Fig. 22B;

Fig. 23 is a schematic of a cross—section of a
fiber having the generalized shape of fibers of example

35 6;
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- 13 - Fig. 24 is a schematic of a cross-section of a

fi ber having the generalized shape of fibers of exanpl

Fig. 25 i WG I8 tic of a.cross-section of a 5 fiber o?c?ﬁ’gg-fﬂn%"ntion'
show ng additional features in the cross-sections of fibers of the

I nvention; Fig. 26A is a schematic of a cross-section of a

fiber for use inillustrating the definitien of the single fiber bulk
factor; 10 Fig. 26B is a schematic of a cross-section of a

fiber for use inillustrating the definition of the sitngle fiber bulk
factor; FFijg. 2241 $saassbbematdci pfust cxossgsactimyeof a

anal ysi s systeng{ge, _“ﬁﬁv#gﬂm&ﬁé‘*ﬁ&ﬂ&rﬂ’ﬂ%ﬁt Fgﬁlg%; r?:kS £ibddPLE

Fig. 28 is a schematic sectronal view a axis of a liquid
di spensing tip ®¥a®R&e| fhgi ng syst em of Fig. 27; | Fig. 29"
Ls a gggénatic si de figwlﬂﬁ ;aeaigeugsaﬁec_ofdbsFQ&QQMtédﬁidﬁ {ish 2?:

ig. is a sghenat i oW, n e di nensi.ons cas an, aperture, of a
spi nner et t useﬁggﬁrCB%pggﬁtF?gengl°n o] f%?ltl°na1|}eéﬁﬂﬁfsiﬂﬂh is a
schematic. il | ustheat cngss—bactiohst b€ Zibersspifnthectinyandd®ri,n conparative
exanpl e 12 showi ng aiq. 26a34EA0SHRRRARACPRECS ARG IH

Fig. 31 is a phot.ocog%géf a phot ograp ] magni f1cation o(ﬁ a}about
270 of a cross-Sikerofosf use in dddpstzatiagethepdefinityen of therjy 324

is a partial sigengeetieghalr Butw ¢hctbe; bore for an aperture of the
oLl etig used |1 prg. A" TR S, bEnenests ot e EoiarabdSidh €
exanpl e 13; fiber for use in illustrating the definition of the
single fiber bulk factor;
Fig. 27 is a schematic illustrating an image
analysis system for use in measuring properties of
15 fibers; _
Fig. 28 is a schematic plan sectional view along an
axis of a liquid dispensing tip of the imaging system of
Fig. 27; o
Fig. 29 is a schematic side view of the liquid
20 dispensing tip of Fig. 28;
~ Fig. 30A is a schematic showing the dimensions of
an aperture of a spinnerette used in comparative
example 12; |
Fig. 30B is a schematic illuétrating a face of the
25 spinnerette used in comparative example 12 showing an
arrangement of bores and apertures;
Fig. 31 is a photocopy of a photograph at a .
magnification of about 270 of a cross—section of
comparative example 12;
30 Fig. 32A is a partial side sectional view of the
bore for an aperture of the spinnerette used in
example 13; .
Fig. 32B is a schematic plan view of a bore and an
aperture of the spinnerette used in example 13;
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- 14 - Fig. 32Cis a schematic show ng the dinensions of

an aperture of the spinnerette used in exanple 13; Fig. 32D is a
pl an vi ewobsamwodnt eri or face of the spi nnerette usedpcrvussmpize 13
showi ng a bore and an 5 aperture pattern; Fig. 33 is a.

phot ocopy of a photograph at a - magni fication of about 420 of _a
cross-section of a fiber of exanple 13; Fig. 3 is a

phot ocopy of a photograph of a cross- 10 14 5ection at a magni fi cati on of
about . 330 of a cross- section of a fiber of exanple 14;

Fig. 35 is a sche o] o] ‘. used for
illustrating the de a€|b% %fsgﬁgﬂaeggp%ng%Vgcﬁgﬁngﬁ SREAONS OF ow for

Cross-secti ongan Eaperhlane nef cbhenepinhevehiecused: inl exapplel 18; channel
wal I's separated by gggs iﬂﬁ”i§5g ﬁl£ﬁ°0§ew of an %ntegl%r ?Q@e‘%

schematic of a cross-sSection use ustratlng the
detern1natum1%ﬁlnnerettﬁd?$?3r§n0ﬁ§ﬂﬂBFeaF§asF8W1P90®'h&rq:

Cross-sed i onsapérturdapabtgertif| s defining channel s separat ed by great er
t han 150 mcr

X . Fiag.  _36B.is C
cross-section of a F18° 37; 48,2 ,8apkPepRY Pro% PRBERERALH 2% )
detern1nailcwnmﬁgnlflcatapnlb&r;boh&nﬁép ofca tyesteectdon afge diker s;
25 Fi Gof 38fakp18 gsbhematic of a cross-section of a fiber

useful for illustratihg detérmination of capillary channel. area for
flow for Iarge chanfh¥s BhvifigaaPhekgeopy °fwélPh&ﬁ09§a§ﬁbpﬁ'ﬂaFF°ss‘

Fig. 37A0s a sedtdohi atoa ﬁagﬁﬂficaeﬁbhoafohbau&O 330 ofber creeisH for
for "\ “shaped SRaRREI F & EB6R ob Bxamrde JAF) s Geline an angl o of | ess
than 120[err] Figd h&vgsmﬁdsnheaatﬁheOﬁoathrossﬁhsgxﬁnnamflﬁo m crons;
Fig. 37B is a pfhermhieaCkof §1288t28EINGtAk Qetermination of

capillary channel area for flow for cross-—sections

15 having channels having essentially parallel channel
walls separated by less than 150 microns;

Fig. 36A is a schematic of a cross—section of a
fiber useful for_illustrating the determination of
capillary channel area for flow for fiber cross—sections

20 having walls defining channels separated by greater than
150 microns;

Fig. 36B is a schematic of a cross—section of a
fiber useful for flow for illustrating determination of
capillary channel area for”flpw for large channels;

25 Fig. 36C is a schematic of a cross—section of a
fiber useful for illustrating determination of capillary
channel area for flow for large channels having a long
wall and a short wall;

Fig. 37A is a schematic of a cross—section of a

30 fiber useful for illustrating the determination of the
capilléry channel area for flow for "V" shaped channels
whose channel walls define an angle of less than 120°
and have widths at the mouths of less than 150 microns;

Fig. 37B is a schematic of a cross—section of a

35 fiber useful for illustrating the determination of
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PCT/ US97/ 14607 - - 15 - capillary
channel awgyposhgsedf | ow for channets whose walls defi ne wrasdhssodf | €ss
t han 120 and which have a w dth at the nmouth of greater than 150 .

m crons; Fig. 37Cis a schematic of a cross-section of a 5

fiber useful inillustrating the determ nation of capi |l ary channel
area for flow for channels whose walls — 15 .-—define an angle of |ess than
120[err], which have a wi dth at the  mouth greater than 150 m crons,
and whi ch have_one channel wal |l _shorter than the other channel_wall ;
10 Fi g?agéklPé'Yacgéﬂaﬁgt pregr £9rc £30V. fo5 [ pmytels whose (yalls

useful in illudefahengnt angllet efnilessi thanf 12i0tglamd whicH iHmve tailwidelt or ;
Fig. 38B is a gghepnti c +SEechi fen@os J ber useful in
RE HR himhl, B LORREREC LR, I atopand

illustrating t erm natron=o Ul k factor;
Fig. 39 is a schenaFig.i BPGsisati sghematds of &scmess—sectiion ¢fivad ng | oops

Geter mnes i on S, neeaidindl b traging ¥ adtbrn SlbtIch 8 |10 | o
eter i verti ise: - Fi g. is as i
si de sectionalc9Pé$ﬁBFYa°hannelb§§Fé FPEU#&°§b$ﬁ?ﬂ%ﬁ§ﬂ?%ﬁ%ﬂWh?ﬁﬁi?ﬁ#ls
structure of téefine anpamgiet ofniesis ¢han 120°, whidh havédh iwidth at

schemt ¢ 51 9CcRgRLgNAl ekl vl 150 gRUARE el YN Slatd ome

i nventi on show ng i quid
acqui si ti on/ di Shappeidi yaldt shorter bShancihe iptheyyghannel wabk: and the

absor benjpcor e; Fig. 38aFi@Sa 4bAchatli® (0 o icsisedionsofldernative

erbodiTent s of shherbak.l! g el S YL B S Rt ket es
Figs. 42A-D ar€ipezpbudkl faegoggentations of the - di stribution of
:heghfigh?w I nto vaghaus 368Y§ES a0k chilhatic oA Uil AUANEE § Lhe
fiber useful in illustrating the determination of single
15 fiber bulk factor;

Fig. 39 is a schematic illustrating a metal-plastic
harp having loops of fibers.tied there around that is
useful in illustrating the determination of vertical
rise; o

20 Fig. 40A is a schematic side sectional view of a
basic liquid acqﬁisition/distribution structure of the
present invention;

Fig. 40B is a schematic side sectional view of an
absorbent product of the invention showing the

25 distribution of the 1i§uid in the
acquisition/distribution structure between the cover
sheet and the absorbent core; _

Figs. 41A-C are top views of various alternative
embodiments of the basic ligquid acquisitionsdistribution

30 structures of Figs. 40A-40B showing different liquia
distribution structures;

Figs. 42A-D are graphical representations of the
distribution of liquid flow into various layers of the

" absorbent product of the invention;
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- 16 - Figs. 43A-B are side sectional views of the

acqui sition/distribution structure and absorbent core show n

enbodi nefV@989799he conmuni cation of the channels - or JrOHUBINAHNT: he
distribution layer with the absorbent 5 core; Fig. 44A i's a
top plan view of a liquid acquisition/distribution structure of the
i nvention used in exanpl es 15-22;~ 16 — Fig. 44B is a side
sectional view of the 10 acquisition/distribution systemof Fig. 44A;.
Fig. 45A is a photocopy of a photograph of a magni fi ed cross-section

of a fiber bundl e oFigsanpsa-BSare side sectippal4¥iews @fpiiteccopy of a
phot ograph of é‘cqulslt aiééﬁzﬁﬁeiénsﬁf.}h% ute anld Q%%Mteég gxanpl e

18; 15 ot oco g hot ogr ap ma nlfled
cross-section %F°H ngSWbBﬁhBFBt§f°§x HﬁlE°¥9 unication of fhe chann

phot ocopy of ao:bhgtedfréﬁhiﬁftne distribaglibhl Qdy@&osﬁtheﬁué)fhﬁgox%éﬁﬁ)er '
bundl e of exangég Fig. 46A is a photocopy of a photograph of
a 20 na%nlfl ®foss-section of a fiber bundle of exanmpl e 21;

Fig. 46B is a phot oBdgy é&Aaiphat bgpaphanf view of amddeuiided cross- section

of a fiber bun rBI%H']
liquid gbﬁug%i‘" Fgﬁﬁpﬁgts‘rglggaﬂ%ﬁnsf Fﬁgg E’Pgeué&g\ t:h% g'x tﬂd%g \Egz%é
Fig. 47Bis a %Pd§x§§EEP§n&§'3?éM/of aliquid acqui si tion

/distribution structuge yasdignacuadpl ged€ional view offFtthe 48 is a side
vi ew of ?F al ternati.y '
0

h :
distribu n s?F8855F§18P/aﬁggglgutlﬁpe§¥ﬁ?£?ﬁ6’n?gﬁh %g%y|5|t|on Flg 49
is a side view of aﬁagheRSAIusraaphmeocopy ofimiao phodcgrapha of qui d '

acqui si ti ondi Shébmﬁiga cross—éEE'EﬁEW 8£0h FiBel Bufrid1d %‘?gﬁﬁ%le 15;

Fig. 50 is a top~view of é alternative
li quid acquisition/ Biger BtFﬁna Ph°t°°°PY of a photograph

magnified cross-section of a fiber bundle of example 18;

15 Fig. 45C is a photocopy of a photograph of a
magnified cross—section of a fiber bundle of example 19;

Fig. 45D is a photocopy of a photograph of a.
magnified cross—section'of a fiber bundle of example 20;
Fig. 46A is a photocopy of a photograph of a
20 magnified cross—section of a fiber bundle of example 21;
Fig. 46B is a photocopy of a photograph of a
magnified cross—section of a fiber bundle of example 22;
Fig. 47A is a top plan of a liquid
. acquisition-sdistribution structure used in example 28;

25 Fig. 47B is a side sectional view of a liquid

acquisitionrsdistribution structure used in example 28;

Fig. 48 is a side view of an alternative embodiment
of the liquid acquisitionsdistribution structure of the
present invention;

30 Fig. 49 is a side view of another alternative
embodiment of a ligquid acquisition- distribution
structure of the present invention;

Fig. 50 is a top view of yet another alternative
embodiment of a liquid acquisition-distribution '

35 = structure of the present invention;
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PCT/ US97/ 14607 : - 17 - Fig.
51A is a sefipsgadmegd top plan view of an absorbent arti g |l e
29; - Fig. 51Bis a partial side sectional view of ﬁ?’ﬁwﬁmw
absorbent. article of exanple 29; 5 Fig. 52 is a photocopy of a

phot ograph of the fi ber retaining mechanismof Fig. 27;

Fig. 53 is a photocopy.of a photograph o a¥Nirdeo i mage; '
Fig. 54 is a schematic of a histogramof image 10 pi xel intensity versus
nunber of pixels; Fig. 55 is a photocopy of a photograph of a

vi deo i mage ofF&QPeéﬂénléfalﬁGQQQ& is QQHupﬁgﬂfY#QWn°f|%%s

Fig. 56 is a phabeegpentf a@tﬁb&boﬁlfalél&aﬁplc’é \ggdeo i mage i ncl udi.ng
various data relatin to g&gU|d flux éﬁaculatlpns Fig. 57

is a flowhart showi &FSTHADFLViRY 5 BRfig VPR
and V[err]; absorbenﬁugrti&lesot Emmnptntzajuwmng an algorlthn1for '

o al gori T glor data 4,582 13 =*otocopy d)a Thdtodhdgt? B0 Lhe SpEBLEC
showi ng ‘an al goFPtR&Nisg me"ha-"g-&%tﬂfatf'% 7 and V[err] basedupon

acqui red dat a; Fig. 5Bi ds @l ﬁbdﬁﬂyﬂﬁﬁléipﬁdﬁﬁgﬁﬁﬁﬁléﬁ @fvﬁdébbér
25 hel pful in_defining SCV and SCSA;, and Fig. 62 is a
schematic cross*¥&8fion of a fiber, hel pful in defining S and CCW

DETAI LED DESCRI PTI ONFig . TISE ﬁHVENEbﬂématic of a Hﬁstqgmm@nmflnmagelon is a
bundl e oflgynthﬁhkgl int nisli! %éyyﬁg1 Eﬁ%k S, capabl e ‘of
' Kl ength at_a a

transporting an its tlvely large |iquid
Flg. 55 1s a photocopy of a photograph of a video

image of a region of .interest at four different times;
Fig. 56 is a photocopy of a photograph of a video
image including various data relating to liquid flux
15 calculations;

Fig. 57 is a flowchart showing-an overview of
algorithms for.determining MPF and Vj,;
Fig. 58 is a flowchart showing an algorithm for
setting up for data collection;
20 Fig. 59 is a flowchart showing an algorlthm for
acquiring data; _
Fig. 60 is a flowchart showing an'algorithm for
calculating MPF and Vo'based upon acquired data;
Fig. 61 is a schematic cross—section of a fiber
25 helpful in defining SCV and SCSA; and
Fig. 62 is a schematic cross—section of a fiber
helpful in defining S and CCW.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is a bundle of synthetic
fibers which, when wetted, is capable of transporting
liquid along its length at a relatively large liquid
flux as compared to the liquid flux associated with an
5 ‘individual fiber in the bundle. In other words, the
bundle consists of fibers which individually are poor



flux as conpared to the liquid flux associated with an 5 I ndi vi dual

fiber in the bundle. |In other words, the bundl e consists of fibers
whi ch |nd|V|duaIIy are poor WO 98/ 07909 :
PCT/ US97/ WRA§H7909 - 18 -  PCTUSPIALAGYY
transporters or which have no "capillary channel s" on their surfaces,
I .e have no intra-fiber capi |l ary channels. This unexpected rnproved
liquid transport that the bundles preyide over the individual 5
fibers that are poor liquid transporters Is a phenonenon resulting
froma novel conbination of fiber and bundle structure, which create

IT Rt e{ fi ber cafnmhaal €fandpbrters o&uwﬁaeﬁ Baveo nbt I"?gp(ifll faltey fi bers.. t
e erm "capi nn aS use ereln re s J.OF ar .
Soimtions bf ChApbels? R ety ERERRGRET 1-S°hEYR MR AR iNemion
| ess than 300 napiahary channgisker Tblig nhexpectsdsim@menmmhﬁqutmﬁ SRR

capi |l ary ﬁhé?&‘i-k:s tﬁhﬁcehhhﬁu?xﬁﬂbg g?,%vfla'éc %%e%cg-.'ﬂlg 1‘94&%1%4&?

channel s are nug eater than orce graV|

Structured fibels khagsagenhppeern ligedd #PSPGKGFQSlﬁﬁeaw?hﬁﬁqmﬁﬁQn
nore syntheti cresgtingPEebar abhbvalt eca®ida@iohl RE Tiber and Miindwve a
| ength greaterg%han one ceghggeter t he aver e :

e 20
paral el vt h BREVRTUCRar wiigE creatd Tnter £ B ap O aied an
aver age i nter - Supface compospthbarpfwthEhrlbgrsf t he bundl es of flbers S

about 25 to 4 mt%&-‘ih”% ‘?Lfl‘% 'daa@&el‘%"?’ & Qis%@riﬁe

preferably 100 to 3 m crons. e av e Inter-fiber capi ary
width, DIVs d@PlEE&°EyaFﬁedF§PP@ﬁ%i§s ° §FF8hWhereln chanq;ls
a(sv-1[err]) *hdﬁrfmglen[ @idkh of about less than 300 micror¥) wher ei n

?Xélzeagstipg? 3 V%kgﬁbggpr%ﬁ?r%%gglgfg:é§%51deréaacaéf¥¥é¥9’ Lerr] 1s
channels since the capillary forces acting within the '
channels are much greatér than the force of gravity.

15 | "
Bundle Structure

As used herein, the term "bundle" refers to two or

more synthetic fibers, preferably 8 to 50,000 fibers,
that have a length greatéer than one centimeter, are

20 aligned on the average parallel with one another and
have inter—fiber capillaries. An average inter—fiber
'capillary width, D, of the bundles of fibers is about 25
to 400 microns, preferably 60 to 300 microns and more
preferably 100 to 300 microns. The average inter—fiber

25 capiliary width, D, is defined'by the following
equatlon.

g(sv—l/ep) g_p * 10° ;

wherein SV is the Speclflc Volume of the bundle of

30 fibers (ccr/gm), pp is the density of the polymer from
which the fiber is made (gmrcc), dpf is the average
denier (den) of the individual fiber (gms~/9000 meters of
a single fiber) and P is the average perimeter of the
cross—section of the individual fibers (microns).



‘which the fiber is made (gmfcc), dpf is the average deni er (den) of

the individual fiber (gns/9000 neters of a single fiber) and P is the
aver age peo 996 of the cross-section of the indivi d@EtrdRaEs
(m-crons). WO 98/ 07909 R
PCT/ US97/ 14607 - 19 - ~ SVis
measured using the procedure described in U.S. Pat. No. 4,829, 761
except that the tension used-to- deti b8 SV herein is 0.05 gnmden -

i nstead of the 0.10 gm den for the '761 patent. The bundle is wound at
ab specified tension of 0.05 grams/den into a _cylindrical sl ot of

known vol ume (nor ne$Yyis peasured ysing khecprocedure dgserihed 1in he known
vol une of the Bl®} p§t90ﬁal eLpsyo, 761 ei:bébﬁdthatwtnél teneliomhadesnde. - The

wei ght of the contain n slot eternined to the 10
nearest 0. 1 efiQe %9 $®5 nTﬁ% §pgé aRE F?gt % % It ned as
the ratio of tqm/denvxﬂorotnee' Teltpateatght'rhe bundflet Iis womide atn & he

;l 824 ‘é"L"§h ”BprSiffaaeéSﬂéanaéf 0.05 graméXeﬁa&PQoog %qu.%ztﬁiﬁlon) =

The bundl e of S}PEhefi knevRcvalume: (BOFrNRdAY| 8n044 cc)proﬁ'nh(fe liwlf%H%vm ng

L\gg[ proioert | esyound until WE[Eﬁé&nNQluﬁé agl eaengnb); is conqmatel 2.
err

Ma tent FI
(MPF) is a rreaghfﬁegfby windjng; hﬁnﬂ}ﬁl BHB‘%? % gd Fé‘i’?ﬁg} ! Ie? deniwe(r
of the fhamdléocohtainedl inrthegsibt c.spdleltarynlmd ch'suplﬂhaarl es) '
i tqof t '
Pubi o cabd o iBarast Yo UEATEGrA by . PR RPERL LY vortfe ik B¢ T
utilized in th@eﬁ%§§9rés the retlwff @%Sﬂ&“ﬂ%@%ﬁé\:ﬁhﬁ:é{ﬁ ightust be
ei ther (1) of ﬁuétbﬁhhwhnReﬂeFumbtl Vehich! ma§O0BeE rdipHdserted |a9! e

o outh o oSSR CE) 0pTAeR Sarae LL;”E-@";E‘;% gfm?’o

15 The bundle of synthetic fibers of the invention
provide the following two properties:
1. MPFg > 0.14 ccs(den*hr) | |
and '
2. MPFp. >3

20 MPFgp
wherein Maximum Potential Flux (MPF) is a measure of
maximum volume of liquid transported per denier of the
fiber (or fibers) forming the capillary (or capillaries)
per unit of time. All MPF values in this application

25 are in units of cubic centimeters per denier per hour
(ccr(den*hr)). The test liqﬁid utilized in the measure
of MPF for data in this specification must be either (1)
Syltint® Red Fugitive Tint, commercially available from
Milliken Chemical, a division of Milliken & Company of

30 Inman, South Carolina or (2) Red Test Solution as
described in detail below. Both test liquids are dark
colored agueous solutions which make them visually
observable. Syltint® Red has a surface tension of about
54 dynes/cm and a shear viscosity of about 1.5

35 centipoise. Red Test Solution has a surface tension of




described in detail below Both test liquids are dark col ored aqueous

sol utions which nmake themvisually observable. Syltint[err] Red has a
surface tension of about 54 dynes/cm and a shear viscosity of about
1.5 35 waees7™poi se. Red Test Solution has a surface terRITMSGA4607 = WO
987 07909 PCT/ US97/ 14607 T

- 20 - about 54 dynes/cm and a shear viscosity of about 1.5
centipoi se. Shear viscosity is measured at 25[err]C using a :
Cannon- Ubbel ohde Cal i brated Vi sconeter.—TAR procedure for obtai ning
MPF val ues is discussed in detail below 5 MPF is a quantity that

i ndi cat th ti f ib dl fib i .

transpor ti ng. 1500 84 Braga oy end 2 SehedE vRRePeItITRE Bhout dnd - e

refers to cenbipoifeol Sheangvis€osity iShmeasured pt 25°C elsdmngy teo

the MF of a befithsnObnblishde difibPaeya! YEScENEtRR2ICIThE prodalyle® Net
ong bot d of the fi1ber ofr

liquid flux propagati ng a eﬂ? , directions Q | u.n'd!-e
of fibers. BecEekeobtaining MPF yalueg iEoBaEEPsERIoAR detaddi Helovhere s
Tor the movenent of [ e o | R e N T ran e aey !
cg:]t acft‘a sn?xgngﬁ%d?e.flbg g “ngleSBﬁe%?‘ﬁﬁESr éf‘eFFg‘Es%(?x}gngt e_ ; MPF
to enphasi ze tper weightaef othef fibersn tThedsiibscript. "BRs reifieFsertd
TTour (e, cEpbiES EGGusndl Rekgr Stk iR e Haclile R 10,0
the MPF[err] fBReMPF of ajhundlei ofr fikersi.s ThecMPFaValvegepmiechaged e, |
having 10 thﬁoﬁaﬁﬁesﬂé{:aﬁﬁqﬁﬂaphmhﬂg}bréﬁa@atihé BhenspBdth
conposi tion) aa.fl bgg_s forT;_n_gg tge bundre fawing %h% r (I;[c%rur e A
bundl e may be FOFREG*PPEnPFi BBESTAREFnFx 28 & PrefekeT&nap
cross-secti onstheFfluxuih a pnnpér}:yhin one diirec_ltdpmdthecna fiisber s havi ng
o ooy b PRIeERE5r bup apBERLLASY1ntnf) ESEpIS UYL WiV °1 1]
fibers account for the movement of liguid in both directions
15 away from where it contacts the bundle. This is
sometimes referred to as "two—way" MPF to emphasize the
factor of two in the definition. Thus, MPFp means MPF
for a bundle of fibers, and MPFg, means MPF for a single
_ fiber (i.e., a filament).
20 The MPFp/MPFg, ratio refers to the MPFg; for a
single fiber that is essentially identical (i.e., having
the same surface morphology shape and the same
composition) as fibers forming the bundle having the
‘MPFg. A bundle may be formed from fibers having
25 different shaped cross—sections. For such a bundle that
is formed from fibers having different shaped cross—
sections, an effective MPFy/MPFg, ratio can be
calculated by averaging the MPFg, values for the fibers
forming the bundle and usihg the averaged value for
30 MPFgr in the ratio for MPFp/MPFg,. Reference
hereinafter to the MPFp/MPFg, ratio includes the
effective ratio for bundles formed from fibers having
different shaped cross—sections.



forming the bundle and using the averaged val ue for 30 MPF[er] in the

ratio for MPF[err]/MPF[err]. Reference hereinafter to the

MPF[err]/ rati o includes the effective ratio § IUQM[;&S
formed fromtibers having di fferent shaped cross- sectlons

98/ 07909 : PCT/ US97/ 14607 .

- 21 - For a bundle of N fibers, MPF[err] is defined By the
equality: MPF[err] = 8 x 10[erep %= Vo[err] * SV * (1- 1 )
[err] * SV . which is in cubic centinmeters per denier per hour, '
wherein Nis the nunber of the fibers in the bundle; VJerr] Is the -

initial velocity ofFathea|bupdlieiof t NRefibeiser MPFy ispdefiined by |therters

per second (mg mured 10 according to the procedures descrihed

below, SVist
density qf
For exa e, t

he speci fic volume of the bundle; and [err] is the

t AP Fm Iy ferx Ay Yohg £ b8V s* of Lt re—buiee)( g cc) .

he maxi num potential flux for a bundl e offp * sVel ght fibers

is: 15 whdiy e.'ks]nf ubd é Ofent jietpes perSderidy -per Hour)

* SV he d t | 3 |
{/glr {)]m ty" -of t%he#%l d ITDVI n%ré?ﬁﬁai‘asgu%‘: n%qu%w ]thJi yﬁ}fé ﬂ“?g%lé ba
mllineters peksstentnitial svekecip¥cpfi Ehe 11(1‘-\/161 uke Whe tHef boay| e of |

fibers in cubi

sum'ﬂﬁtﬁmpﬁéters Fes}r e@canda (Do Olined s @r88 9N den,

[err] is the denS|t of

bundl e

of eight fiber

SESording ba, the robeotins dRacribei b & ke, ST ke, Bhe are

25 based orspecidicavoluméecodf thegbunkdlesr and

issd:h:é @ens:.ty bandl e

by
i nvention is a%‘érs%aiﬁggsféﬁﬁgﬁgnﬁ‘ﬁgu%Il%%r\ér)eogeg:r? hi ha‘%ﬁ&fﬁggﬁﬁ% ? ei ght

fibers is usedewn e:q@mple, theopasimuy potentiialrifiiur foF acbundiet oft he

ease with 30

ethcflbégglgstransport properties of a bundle of eight

fibers and a single flb can be peasured W|th t he _sane

20

25

30

35

P, * SV
wherein Vog is the defined- quantlty calleg "Initial
Veloc1ty" of the liguid moving along a bundle of eight
fibers in millimeters per second; SV is the specific
volume of the bundle of fibers in cubic centimeters per
gram at a tension of 0.05 gm-den, Pp is the density of
the polymer used to make the fibers of the bundle of
eight fibers (gmrscc). All values for MPFy herein are
based on Vo for a bundle of eight fibers. The use of a
bundle of eight fibers as the basis for measuring Vo of
the present invention is an arbitrary number. The
reason that a bundle of eight fibers is used in the
procedures for determihing'MPF relates to the ease with
which liquid transport properties of a bundle of eight
fibers and a single fiber can be measured with the same

instrument, not because a bundle of eight fibers is more

effective at transporting liquid than a bundle of a
larger number of fibers.

_ ' The two-way MPFg; for a single fiber is defined in
cubic centimeters per denier per hour as:

5



I nstrument, not because a bundle of eight fibers is nore effective at

transporting liquid than a bundle of a | ar ger nunber of fibers. 35
The two-way MPF[err] for a single fiber is defined in cubic
cent i met VO 9887908 eni er per hour as: WD 98/ 07909 PCT/US97/14607
PCT/ US97/ 14607 - 22 - o7
MPF[err] 2 * 0.1620 * VO * (capillary channel ar ea ~ K
for flow) * 1/dpf, wherein Vo (nn1sec% is the Initial Velocity of the
liquid and dpf is the denier of ‘the single ?iBer 5 (gm 9000 m). The.
capil lary channel area for fl ow (mcrons2) is defined hereinbelowin.
t he di scussi on of L0 #3 * * [ [

enbodi ments of the ;gerersgnt mve?t Fj’(?ngo Vo ng(ecsaé-rom gﬁ&hngsoarea

cc/ (den*hr) and preferably frdRaoElowh 3 %652f® cc/ (den*hr). Since the
MPFB is the nDwaiEr¥in Vo (mii/ddd) digleme tRethandivelodityhicdamd his: val ue

t he bet t h aJue f or err i ch,represents

bundl es of fi bwtw‘i $Rﬁ;e]fﬁ|% jde g?‘%ﬁl?} Egﬁt gin ngle’¥ 0.14
cc/ (den*hB), ndomfAeFeml v Theatapillbany OcBRatbel area( dortiflow The
between about O DSTE doar detfeg greinhe1ofi 18 PHE bidtheRish BF
from3 to 28. Figs. R%f3FQ@bly the ratio is greater than 5 and nore -
preferably greater t’i‘l'?él m; &or embodlﬁaeﬁgeéfr@aéu?eeeénthanﬂree&ardﬂ es of

he bundl es of h fib fth
vortioal rise GRNIRS HE vt 020 Sor(RRPRBES) SaddiBreterbbilaroR

Sol utionltp alow® tde umk.e(denkhn)  es8incer the MPFgf 1sh¢hleeatmﬂemgntj and

agai nst the pulde Qflxgicfvéié( g %ewe bu#;@%ehe{:ggt ﬁ%h%ﬁ!-etﬂirst '\Fﬁ"h}é ¢ Of the

test liquid up a single e“sane |bers as the
fibers form ng ]‘T%%ﬂdl@%d %@ama%uehsomwf‘afwhwh r@pg\ﬁs[ep SThe

vertical rise raalededt fibersbdPitRi8f invention is simply greater
| than 0.14 cc/(den*hr), more preferably greater than 0.2

15 cc/(den*hr). The examples disclosed herein have MPFy
for eight fiber bundles of between about 0.06 and about
0.36. The ratio of MPF,/MPFg, is from 3 to 28. .
Preferably the ratib is greater than 5 and more
preferably greater than 11l.

20 Another measure of the properties of the bundles of
synthetic fibers is the ratio of the height of the
vertical rise of the test liquid, i.e. Syltint® Red or
Red Test Solution, up along the bundle from a reservoir
of the test liquid and against the pull of gravity to

25 the height of the vertical rise of the test liquid up
along a single fiber of the same type of fibers as the
fibers forming the bundle and against the pull of
gravity. The vertical rise measurement for a bundle of
fibers of the present invention satisfies the

30 inequality: .

Vertical Rise (Bundle) > 1.3,
Vertical Rise (Single Fiber)

wherein Vertical Rise (VR) means the distance the test
liquid rises above the level of the liquid to which the
35 fiber or the bundle of fibers is in contact. Vertical



fibers of the present invention satisfies the 30 inequality:
Vertical Rise (Bundle) > 1.3, Vertical Rise (Single

Fiber) woosiMdgsein Vertical Rise (VR neans the distance gdguésfilicor
liquid rises above the level of the liquid to which the 35 fiber or the

bundl e of fibers is in contact. Verti cal WO 98/ 07909 -

PCT/ US97/ 14607 - 23 - Rise is
reported herein-in centineters (cm for -a3®r+od of fifteen m nutes
unl ess otherw se specified. The ratio VRlerr]/VRerr] is froml1l.3 to

11.7, prefera eat er t han 2 and nor referably greater than 2.3.
VRB isp5 pre#gﬁgbﬁ yeperted ﬁ‘&ﬁ'e&"crﬁ’hrﬁf—'\ﬁi) peterss ( EF‘gf &oxpiay pexied
than 4 cm of fiftékn h?hg&?médwﬂiwwendpeuﬁﬁﬂeahe h]?mt& of
liquid transpo re or S p tiQon referably,
thg bundl e |§ E% Fea BO %eh% ﬁﬁ&@ i g 5% ?h gaMﬁafﬁﬁEﬁ%&%ﬁ5§e %

bundle is at |than 2|aadcmannnm@ﬁsrably dreateFothanapess,

napki ns, gnd 'ﬁﬁ@!ﬁb&ﬁﬁﬂ? greateldhar % A AAGIVRI quiél %fé‘féf%&yb g hs

range from abaut centineters to about 40 c¥n ers
length is usuaﬁ‘?"aﬁoﬁ‘f“ twi ce the maximum transport 15 | engt h over V\:hl ch

it is intended that Thiee lengtthd dfc the burdbesdepénds tpon ithebaeitth

products. - 138id grangB Fhll i OFQK, 468 §ESEpR Aol @ﬁ%ogggngo

hal f of the fiBrefersrbilys Mllmmuqacs at least one centimetiesr Yorwpr of

t he bund on \% g%§Q p n t
pr Zf er abills, ?Erté th%u fbl&t It?iéstb‘ﬁﬂffe dl s e%% hfé?gt&htéE 19? bg{egiﬂ\fﬁiéthers

bundl e cont act +*2hg- Fox éd-?tpeé'ﬁe &qmnxn%enaﬂsmﬁe BoAdABcentdnenter age
of at 25 I epaasontheparesﬁerﬁd flﬁlqiﬁd transport Pefgehabbindeargams to
the |ongitudi ngboﬁ@ cent:l.mete aCQ: goht?tfigecr:gn 1mete%gql e'I%ree bvt\ﬁzr}ﬂe

30[err] to one
length is usually about twice the maximum transport

15 length over which it is intended that the liquid be
transported. This is because the liguid insults are
designed to be rear the centers of most absorbent
products. ; _

Preferably, when the bundle is wetted, at least one

20 half of the fibers of the bundle contact at least one
other fiber of the bundle on an average of at least once
per centimeter. More preferably, when the bundle is
wetted, each of the fibers of the bundle contact at
least one other fiber of the bundle on an average of at

25 least once per - ‘centimeter.

Preferably, tangents to the longitudinal axis of
each of the fibers of a bundle are within 30° to one
another along at least one half the léngth of the
bundle. However, bundles of fibers that split at some

30 point into two or more bundles that are not aligned with
one another but otherwise meet the criteria indicated
above are within the scope of this invention.

To ensure contact between fibers of the bundle when
the bundle is not wetted, the fibers may be held

35 together by a slight stickiness resulting from an anti-



anot her along at |east one half the length of the bundl e. However,
bundl es of fibers that split at sone 30 point into two or nore bundl es

that are not aligned with one anot her but otherw se neet the criteri.a
i ndi cat edWO9800hove are within the scope of this inventi RCTUSIM0T  To
ensure contact between fibers of the bundl e when the bundle is not™
wetted, the fibers may be held 35 together by a slight stickiness
resulting froman anti- WO 98/07908,, _ '

PCT/ US97/ 14607 - 24 - static or a
hydrophilic finish if such a finish is present, by a crinp in the

fiber that necheatsal bt a hyat@BHINICT rfsel iferdul 4 heihusdl gor el al ve
to one anot her

ner e Iace nt of the fibers 5 allgned
adj acent one aﬁﬁ?ﬁ@#twhgﬁ Fh€¥3ﬁ§w§q1 e sﬁ%ﬁﬁl%ﬁ°%?P+8€%}¥e or .
repul sive forcesnstraiinsf ther £ibers «f tthe hunllke relative tdhenéi bers of. -
t he bundl e do essaril Y €7 C
orientation re?gtBFgg% o%%ng'%gﬁ'§ %ﬁﬂegﬂ% ‘%Zﬂé‘?}%eﬁﬁé%i ber_.s of
t he bundl & areallgneﬁoﬁdDQGGQSaﬁnq/aﬂqﬂhﬁ%rWhmméﬁhgnetﬁrgneoanother t here

may be rotati ogapgtanitdaqr a%%ra@&w%xorréwpéwe fobtéasd! bANERA! iBbrkNe
fibers along their Ie%%t s. Their orientations relative to one anot her

along their |eR t fh *be random or the bundles nay be mininally
twi st ed. Ther @hies fiibere] e mlmntbvxrfdm fddadoemécaésaehmyl navei p

bet ween t he figgpgﬁgféyygsﬁggy€i§g% Shlfﬁfgﬁ to yepted in

order to provi "arge | €71 ST Wet t ed.
Thus, an$Obundracthe. bemba$0184nﬁﬂnﬂﬁithﬁufmkebaeoﬁnbhhebunﬂés previ des

an average not! W@@EQEQQ&&yC%WdldM aﬁﬁﬁébﬁidf£8”bﬁé hRofhHEr T EheRE
and has a speC|f|c Vol 65 réater’ than thin the scope

of the present T\ raeions of ?%ﬁf?ﬁﬁTﬁg§§18?5f8¥t%@Faéxplalnlng t he
i nvention, 25 mlsan.dgxﬂeaitszed:' dhe S ibers saFomgntheiof 1&énhgehs .t h#hedlten

orientations relative to one another along their length
15 may be random'or the bundles may be minimally twisted.
There is no requirément of a fixed spatial relationship
between the fibers of the bundle when the bundle is not
wetted in order to provide the large liquid flux when
the bundle is wetted. Thus, any bundle of fibers
20 pressed against one another that provides an average
inter—fiber capillary width of from 25 to 400 microns
and has a specific volume greater than 4.0 cc/gm is
within the scope of the present invention. -
For purposes of further explaining the invention,
25 one idealized structure is a bundle of fibers that when
wetted and thereby pressed together define (at least)
one inter—fiber capillary channel fhat has parallel
walls, in which the inter—fiber capillary channel’s
walls are spaced from one another by the average inter-—
30 fiber capillary widths indicated above due to some sort
of standoff structure, and in which the standoff
structure is part of the cross—section of at least some
of the fibers of the bundle.




wetted and thereby pressed together define (at |east) one inter-fiber

capillary channel that has parall el walls, in which the inter-fiber
capi | I ar ¥yé 5669 ' S wal | s are spaced from one anot herpdqyuggm.gmerage
inter- 30 fiber capillary widths indicated above due to some sort
of standoff structure, and in which the standoff structure is part of
the cross-section of at |east sone of the fibers of the bundl e.

WO 98/ 07909 — 25 -  PCT/US97/ 14607

- 25 - Fi ber Structure The individual fibers of the

pr esent inventbgﬁ gt shaped fibers having thin arnmed cross-sections.
The t erm TEREFeBETPEEYEE neans fibers with non-round cross- 5
sections. A singl eThebandh&s.daall Eidermmn et mmegpresent invemtdomldre

defined by li “s?igaﬁ'?%&ﬁeﬁ}% PQ%J&"goiﬁxilstﬁ%ﬂ'ﬁ’%H b%rf'osg—sﬁg e - 'xgk

channel wi dth IS t ength of a line
segnent tangenter® "shapedd #£ibexs ﬂﬂﬁ‘%ff%b%r%hﬁhﬁbl neRHrOUnth CNAFRT i ty

% _ 1g _ shle tc_baalﬁgbnw.dt s sdng e Efl%’e’imlyaﬂr@@tEéaé’&aﬂnag%l]zax}nel ][mf)a@ns f

ich is relatjve [ ar Wi s for fibers o

the prior art Pﬁs%ﬁhi&gaﬁglneg th\ﬁ!}?g ??ﬁ’?%n\;?b‘ég léﬁﬁl FrosFaRaHET.

The |ine segneafstbie fliberr.os Theechannelwidtiisof defhasneile adhannel

wal I's, may be §§h§<i‘énff1%'e§“ir erﬁﬁf‘g‘%ﬂ o5 4hp né“ Eﬂ %Qﬂg%h@r&
Bfp

allgned at great reater t or ‘even
greater than 15be distal g therhanrehoval F‘ér e F@qué'-Ybl%ar

secti onsipmy Cthat @h&rﬁi&nﬁﬁhﬂwldﬁ tp‘ﬁéf@féﬁl g£8a€Br thadl Boye anot her

at a "v" shaped |ntersec |ncI ude a base region to
Shi oh pr oxi i BRaeTs pdch s Tlativels; TRrue P cGoBPataRk thr f ace of
t he channel chanme;l el dtitvsy fbrarfiliers edDrehaapeior pranalessified as
defining a Chaﬁ%@ln\@alﬂntx%iflber ca(?aiﬁ?]?m i Mg%geasure of the

devi ati ons of ross-sectl ber fromround is known
as t he shape The: didner I%@Qi’tﬂse af pehe sﬂﬁﬁés'f‘ﬁef-’&l% #hich

15 define the channel walls, may be adjacent planar
sections that in cross—section are aligned at greater
than 60°, greater than 90°, or even greater than 120°
relative to one another. For example, the planar
sections may create a channel having two walls which

20 join one another at a "V" shaped intersection or may
also include a base region to which proximal ends of the
two walls join. Moreover, the surface of the channel
may be curved and therefore have no planar section
defining a channel wall.

25 A quantitative measure of the deviations of the
cross—section of a single fiber from round is known as
the shape factor. The single fiber shape factor is a
dimensionless ratio defined as:

Shape factor = P-(4mAg)2?2

30 wherein '

Ap = area of the fiber’s cross—section and
P = the perimeter of the cross—section of thé
fiber. '
The shape factor for the single fibers of the present
35 invention is equal to or greater than 2.0, preferably



di nensionl ess ratio defined as: Shape factor =

P/ (4[err]Alerr])[err] 30 wherei n Alerr] area of the
fiber's ey ;ectlon and P the perineter of the cross sectlon
of _the FBO700 ¢ per . The shape factor for the si rRffEUSI734603

the present 35 I nvention is equal to or greater than 2.0, preferabry_
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- 26 - greater than about 5.0. Theyghape factor can be :
measured by hand from phot om crographs of cross-sections or it can be
determ ned automatically by several commerci ally avail abl e conputer

control | ed opt graater tham aboute Syt erthe Shapehfipetbactan de a round

IO a rosBoReb 'y bt exom ppotodlOLUGERBAGPSE! ythp liRtaY
cross-section O itoFﬂ@:hﬂﬂﬁ&#qﬁnkneqcﬁ@?@m§5¥9ﬁ%lYab¥aSGWEFﬁé cross- 10

section of thedﬂﬁﬂ@i&ﬂ&ﬂ%ﬁ'avéﬁlébIE(&Eﬁ Wtep ééﬁﬁfbiied optiiealierein as.
the Single Fiber, Bul k Factor (SFB to or greater than

4 and prePer abP}EOSGOPE FYstens g’ %ﬁ%@f’aeﬁ?ﬁgﬂrag% a round’c
Sum of the voi dectdssr $ilderorid ¥y eas 15 Fi ber

Cr oss-secti onal Are r S d |n t f [
Cross- secti ons (ﬁhﬁ; ?}%;g%éj%aéﬁgéggp\ggég{aﬁ Eaﬁg?'h exe Iil\ gr%‘/}}%
cal cul ati ons oP%: Ahespritiyof neokd o%%e%ecfpmedshwﬁhren CI'OSS-SEOQ‘éOIQGA- :
As with shape fo@';CtaPrshéﬂ'& ¥i”tﬂ=.lze *Ed: bee Ho1ymer! &rEaCer tha R@giet er mined

by hand r usin surenen syst
Addi ti on proﬁ%ﬁ 80 §E ¢ r% &4 ’@3 Tgls pr°Pﬁ'Er'f’1"m dsFrefigrred
i nvention that techaveastiay isse e Sinhgls’ Fz.ber Bpdkr Factord (SFRFypomthich

propert 65 |G RPHS) Glitef enahosOkn el Bkl (0 )

and a VR err] equa
10. SFBF is defined as:

SFBF = Sum of the void cross—sectional areas
5 Fiber Cross—sectional Area

The void areas are illustrated in the fiber cross—
sections of Figs. 26A-B and 38A-B along with exemplary
calculations of the SFBF for the cross-sections shown in
Figs. 26A—-B. As with shape factor, the single fiber

20 bulk factor can be determined by hand or using an
automated measurement system.

Additional properties of the single fibers of a
bundle of the invention that characterize the fibers’
poor liquid transport propérties include a MPFgr equal

25 to or less than 0.03 cc/(den*hr) and a VRgy equal to or
less than 4.0 cm. Calculations of these properties are
discussed above.

Being poor liquid transporters, the single fibers
of the invention preferably do not have intra—fiber

30 capillaries. As used herein, intra—fiber capillaries
means channel widths of less than 300 microns. The
fibers’ structures are such that a bundle of the fibers
forms inter—fiber capillaries which create the large
liquid fluxes. For example, single fibers of the _

35 bundles of the invention have an MPFg; less than about



| ess than 4.0 cm Cal cul ations of these properties are di scussed

above. Bei ng poor liquid transporters, the single fibers

of the i Q&b preferably do not have intra-fiber 30 PeVidodisgds. A
used herein, 1ntra-fiber capillaries means channel w dths of |ess -
than 300 microns. The fibers' structures are such that a bundle of
the fibers forms inter-fiber capillarjes which create the large
liquid fluxes. For exanple, single fibers2f the 35 bundl es of the

i nvention have an MPF[err] |ess than about WD 98/ 07909

Egjégggzﬁ}?ng% °3Vﬁﬁ/5??n*PrPe§§dtﬁaNREBOBF &ess %Laﬁquﬁﬁﬁa |n flfteen

m nut es. .\Wen cértiméterssin flfueﬁnnmﬂ@mﬁﬁaxs(ﬂhemethaﬁenfnbarsthe'-'
bundl es can, hadéfﬁﬂe buna&/aE[ e;r knef ighvedtSlon,hahd- ﬁuﬁ&iégeeahrha%d

vertical rise over six centlneters (after. 15 mnutes

Prjor art flbéME hd%?d%rFﬂF?ﬁ Fhaer 0c2prrrddendhr) and,yexkigalvise
transports|i quobs mﬂqﬁlildl 6fswéacemees‘entmeﬁérs c(ateeraisemihatel)i.n U S

: . 5,200, 248 fibgr f th
whi ch 10 inti vi oGESPy BEE SSDRRBCPRYIY AT IREBrEEILIaRA0E
the follow ng Phabteeffestigpdy tranSportt driguisl wm their seffpcef meet east

2.0 cc/gm Speghfi srﬁefhhagéts%bﬁael u. s.A&%:(%A)soéggtzksa%haooo
cnerr]/gm Cbng@e33|ve of at | east

dynes/cnerr] §n8§Fﬁ§§§-15ThQQ§£g§qﬁ off thaysi24Boprtentanwhieh east 30

percent Db indh'.bﬂdﬁanu.h{' act alaedied Ndnte.lidquid-transpeeRerEgr have
have a Capill a 0_m crons.

h
Fiberc that havbenBoRRBrARs peppervick:, g Bl A0SR tyary YELRpS oo
i quid transpo(86eV} o@ at aads&re.@uwmAymArSPenzimcotaphéla?gBprwama

However, the fAP S 9&3&2 8@ %%e'i ?qu)’hﬁm}btm Comp! f&s&%ehave

intra- flber cagl arles are |n g’ poor
transporters, 8SFEeDHERPBEYeQE yaé'o(ééqséhtm 00 qiﬂéﬂ%ﬁﬁ"%er 1enderyRess if i.n
the fornmsf a hasdbeo&l akdleastu@boith® s LdHt SiegsBt 3bepekrcent of

' ndi vi dual f'bgﬁe capillary channels (i.e. intra—fiber capillaries)
have a Capillary Channel width (CCW) of less than about
300 microns. Fibers that have no intra-fiber
capillaries are individually poor liquid transporters
20 and are outside the scopé'of the ’248 patent. _
However, the fibers of the present invention that
do not have intra—fiber capillaries and are individually
pbor ligquid transporters, are unexpectedly excellent
transporters of liguid if in the form of a bundle of
25 such fibers comprising at least two individual fibers.
Thus, the individual fibers of the present invention
which do not have intra-fiber capillaries may be
‘characterized as non—capillary channel structures and
have the following properties: (1) either Specific
30 Capillary (channel) Volume less than 2.0 cc/gm or
" Specific Capillary (channel) Surface Area less than 2000
m?/gm and (2) more than 70% of intra-fiber capillaries
(channels) having a channel width greater than 300
microns.



Thus, the individual fibers of the present invention whi ch do not
have intra-fiber capillaries may be characterized as non-capillary
channel structures and have the foll owi ng properti es: ér'F ei t her

Speci fic NPBOBW;i | | ary (channel) Vol ume less than 2.0 cc/§ 97/14607
Specific Capillary (channel) Surface Area | ess than 2000 cnerr}/gm:
and (2) nore than 70% of intra-fiber capillaries (channel s) kaving a
channel width greater than 300 m CLOBE. — WO 98/ 07909

PCT/ US97/ 14607 - 28 - The
foll owi ng procedures are useful for determ na- tion of paraneters used
to define and eval uarmetftellowzngawbd:edurebaamd uHefud Foas déﬂ&hﬁiﬁa—taken

?/Ie:]te)a'z%mt o col urm 5@# tﬁ&%@%&;ﬁ; pg%gamtgoaﬁiﬁé ?ﬁﬁg eQ}aﬁPaéé'%l 35 | n.e

59. capl blaxy cchanned ystreyctures; cpada@ine taken verhatimt ures

of varying | en%?&n fsﬁﬁ‘téé‘ ﬁﬁﬂeﬁ{‘.cﬁﬁd 5 200 L1208 lAE ' '
structure act uape‘i/ |ntended for tQ be understood t hat any
struct ur e shortiie t4nto co “‘P’énﬁ?h%’-ﬁ‘%q&?r é&dbf'qlh’é‘rb%e’d’tﬂ%é%r%"

eval uated on t hmolumn 3Hakine o9 equi val ent structures having the requisite

lengths set forth i grd‘%gséaé%‘?‘.&‘gg%%.’?%l’e&&ﬁ&r%s tl t herw se

specifically provid ugges] P4 n connection
W t h nmeasur enerftzitetures of veraywqaleagtbs.pmmﬁ vhdecit mage cexeeede

procedur es. theTﬂ@ﬁ@tH”bf StRRé EsPFR¥tLASE Eartu@aqryﬂﬁ{aermw%@f QELY;

Ot her units consij stent th the iptent and purpose’™o t he procedures

can be us¥ll. 20ttt is to ]?ﬁe ndershore Hhay P&Ydatﬁmﬁweﬁ)&h%%wwary
Surface Area (Sigthadré&peiréd Cbﬁaﬁhél prycéautiss @¥e/)evaluated on the .

o L1 3T el P 4E MR8 BR. ke "R g, e, LAEPREAED T "
structure. The tergthscsetofionth in such procedures, except as may be
otherwise specifically provided. Specific units may be

15 suggested in connection with measurement and-or
calculation of parameters described in the procedures.
These units are provided'for exemplary purposes“only;
Other units consistent with the intent and purpose of
the procedures can be useq.

20 The procedure used to determine Specific Capillary
Surface Area (SCSA) and Specific Capillary Volume (SCV)
of a capillary channel structure is applied to a photo-
micrograph which shows a representative cross-section of
the capillary channel structure. The cross—section of

25 the structure is prepared for photomicrographing by
enbedding and microtoming technigues known to those
skilled in the art. The following equations are used:

(1) SCSA = sum over x =1 to i, of P,/pa,,

(2) SCV = sum over x = 1 to i, of Av, /A,

30 wherein: .

p = density of the solid (i.e., polymer);

Ag = area of the cross—section of capillary channel
solid perpendicular to the capillary'channel axis which
bounds those capillary channels within the scope of

35 criterial (a) and (b),



25 the structure is prepared for photom crographi ng by enbeddi ng

and m crotom ng techni ques known to those skilled in the art. The
fol | ow ng s are used: (1) SCSA = sum ov i“?p i,
of P[err])ﬂgrriﬂ err], (2) SCV = sumover x = 1??’(1)‘)6597/
Avlierr]/[err]Aerr], 30 wherein: . p = density of the
solid (i.e., polyner); Alerr] = area of the cross-section of
capil l ary channel solid perpendicufa29to'the capillary channel axis
whi ch bounds those capillary channels within the scope of 35
criterial (a) and (b WO 98/0790%

sum over X ::lperlmetefﬁeﬁf]thetbeossnsebtuba of thqxsalmdefcrﬁinghe

Cross section channel s,
X, wherein eacﬁgaélb fO{;ﬂ,Q é?éﬂgﬁry fhgo gs%ht azé yg‘%ﬁ% %%%nnel and is
within 5 the twm%ar B* daomwrds rthe deapi}leryr channel and is twibtkim

over x = I5to itRé ¥Wé6réticalhe1sumr-afl p&-mlded b Q:d areas of the
caplllary channel styructure wherein each er is calculated as the

area bounded by the “he SUBOVRE: ¥ =of Fﬁ’els&q d\ Fm e S5 nHR® and by
Cerr]; 10 anoid areas of thereapiillagyt Iamanﬂélersﬁﬁu@awj:élmwréﬁﬁnnel S

in t he st u peci of a
capillary chanﬁ%#gétéﬁétf éggéﬁléf%a ?g %@resp ?%ﬁ?éé&”g§n$kﬁ part of a -
ci rcl e whi ch i sPepvimekeroofir thehsolid fqnminq<nhaﬁcnann%hamn@|bnnaxmhuch

Is of a sgdectegng dlaneter that cl oses each capillary channel, X,
wher ei n t he C|rcle } |s Si ze ositjoned according to the

and
following criteria: wh ereln i3 Fhena éﬂﬁﬁﬁ*ﬂla¥% ?%5@Eﬁ%g Mot h
wal | s of the 20the structapel! sr :etb&enelq spedilfidiefel Dlarphenanheleeet s

(e 1S a0 or o enprinhB) ERenRlS) S, PN ol bliafhhCts,
subj ect to the thnttggrtngftnapircle which is convex toward the
15 interior of the channel and which is of a selected
diameter that closes each capillary channel, x, wherein
the circle, C, is sized and positioned according to the
following criteria:
(a) the circle, C,, is tangent,to both walls of the

20 capillary channel, x, at the points where it meets

the walls; and |

"(b) for each capillary channel, x, the circle C,
meeting (a) maximizes Av, for each such chahnel, X,
'subject to the limitations that:

25 (1) the lines tangential to the intersection
of C, and the capillary channel walls
intersect to form an angle of 120° or less;
and _

(ii) ¢, can have a radius of no greater than

30 : about 0.025 cm with respect to the actual
scale of the capillary channel structure
(circle radius will be enlarged by the same

‘magnification factor applied to the actual
structure in the photomicrograph).



25 (i) the lines tangential to the intersection

of CJerr] and the capillary channel walls _ intersect to form
an angle of 120[err] or less; and (1)
Cerr] c¥WOMMB0% radius of no greater than 30 PCEUSHTI460D25 cm
w th respect to the actual : _ scal-e of the capillary-channe
structure - (circle radius wll be enlarged by the sane

magni fication factor applied to the actualg _ structure in

t he phot om crograph). WO 98/ 07909

PCT/ US97/ 14607 - 30 - For .

capihl lary C_h?nnel Sf‘b#C&H e3188Y g%\a/ﬁ?@l' |s@fgl1ct8§:§hﬁmﬁhgvﬁéi%iiﬂf? o | f
exchange orifices e effect o an Wi eper a not _be o
nunerigal sigﬁ&??@ﬁﬁgewai %EﬂégtﬁxFﬁénﬁﬁ ﬁqﬁﬁiﬁ?ﬁﬁ ?4%g%£§?F a¥9 ef¥nne
5 struct ur esn@eSEsA, wikll genegaddyamiot he(ﬁﬂnnqmzxﬁmhlnsignifﬁhance'
calculations. aue to tna"PhifoRaINE’ LW FapIAIY GRLARGLS POTNLS Of

tangency with a circle of nmaXi numradius, as ove, the

ci rcl e i s®posi $FoReBurgsabereofnxpid; £an) gengrakly e i dhsregardedAin of

the channel. &£re eapchhati¥ons. channel structures having variation in.
cross-secti onal size_qr.shape, sufficient, cross-sgctions.can b
eval uated to provi d€°8 P@BP‘E‘&@F a%%sgﬂ’taevd"rég/é‘?%]g%lpie P &n8Ffor

SCSA. | f, howbangenayywptht eocirtclehefl maxismiatadiuef asnpreovidedth (in

the axial diregt) 0 ‘ ' I about 0.2
cm ~_pref e%gglgg'a%hﬁggéfag%ogtgpgc;&ag%&@r% g%i/c}%%?'%%gﬂike __Within
the cl ai ¥d r afgessrepesiongiaaregc {AMr /ft (khe jGhannel g5 HO¥ oCRRARARTY a

capi |l lary changphnfkliugtruetiresh®aiing RS tidm VBN éFBss~sectional FOr -
capil lary channel sheet par%#%¥fgﬂ | ary channe

, t hose W th capi
bases of rel at P¥&PyOFafGaPRird 1é£519§ﬁﬁ§%ﬁﬁﬁ¥&?ﬁ% gﬁﬁp#ﬁ of the
product havi ngevaflnatedoto provide Ehedmtedentativefweighbedcaverage

substituted iNgey and or scsa. If, however, any portion of the
15 structure of linear length (in the axial direction of
the'capillgry'channels) of at least about 0.2 cm,
preferably at least about 1.0 cm, has a SCV and SCSa
within the claimed ranges hereof, that such structure is
said to comprise a capillary channel structure of the
20 present invention.
For capillary channel sheets,'particularly those
with capillary channel basés of relatively large width,
a representative sample of the product having a fraction
of the total width of the base can be substituted in
25 place of the entire cross—section of the sheet. Such
fractional sample of the sheet preferably has a width of
at least about 0.5 cm. The purpose of SCV and SCSA, as
defined above, is to provide quantitative analysis of
structures characterized by open capillary channels. It
30 is conceivable that such structures can have solid
portions, appendages, and the like, which do not
otherwise contribute to the definition of the capillary
channels in this procedure. The above criteria will
exclude perimeter and void areas corresponding to such
35 nonfunctional portions of the structure from the



25 pl ace of the entire cross-section of the sheet. Such fractional

sanpl e of the sheet preferably has a wi dth of at |east about 0.5 cm
‘The pur powe 98lo79eeY and SCSA, as defined above, is tommsgdﬂm
guantitative anal ysis of structures characterized by open capill ary:
channels. It 30 I s concei vabl e that such structures can have solid
portions, appendages, and the Iike, which do not ot herwi se contri bute
to the definition of the capillary —cBanmels in this procedure. The
above criteria wll exclude perineter and void areas cor_respondi ng to
soeh 35, MONTOALSIA B0 hPeS) S SLbEELELe AT Nea 0 1oy

- 31 - maifunctiomsl $63bd ébementssisenbitotal b@r&mulhded in

nonfunct ] onal Sald ol SR Foh SoPOh, | O BE1AELHHSEE! Buch perifiseisls cu i on

of Alerr] Exclusion -se ona area
exenplified in gnpesRecki 011%1 area| %, exemplified i g\ormdgt@m:ll ifi es ‘a

capi | l ary schannsd1é&l uct ure fragnent 800 and application of the SCV
and SCSA pr o ure_thereto Shown i s fragnent 800 of solid:
(e S pol yirer) havi KB o b SEEPPLLEESS: B SApLLianye Chading b G Eruckins

Av|[ err] Av|[ er rﬁraghéntrgooﬁaﬁérabplmcahmnr €S thied iSOy and IScsa/

channel peri ”Etsﬁ‘:%f fiél(fhﬂ&ﬁerg#ﬁ% asc%ﬁ”}fr% it Yefd ocf""solid

closure circle SO shown are
circles (Jerr], (@{%H]POQ%%‘] haqing arear B;, cppidllary chapnel aaid - -

rferr], nlerr],areas AV%I Ay, , er”ﬂv J bt cdheddponding Fdapi E18PF N
perpend| cul ar t t he e 1 tangen to t he_poi 45 of |nter5ﬁ{:t|on

merr], nferr] SRFRRe1 PRYLPeEers Bi, Py P31 Pa(anqthepreticalierr]
n{err], nferr],chdsure, cirspest Cygl ¢,, bej weamd t g, Also slmownsmdl ng

circles, C[err] la d le < 8 err] r] dthe
solid materi al o%%?ég%ng §®0 C7. ﬁ‘ﬂi Ici[ 'F]Hé" REl es2 t'lhg
Jerr], and J e¥4], &g dfgwnTge H3 ave2each pee*pemecaza@x |lai~ne As

can be se@ Cirgag§ehtetsd] tﬁédpon.nts o@zli"t%ﬂs'éaﬂl%' a8 US Rl er .,
rferr] by angles [err] which represent 120 fé‘]r‘ﬁal | &s’ of

i ntersecti on bePyeeMamanPont Ma=s Bsy | Riet§SPS arRPHeesR cthe -
tlerr], t[err], coespepbhithy. cAvpdes], c,, C,, &yjecy],CAv[e{,]C, anmdl Alerr]
are the areas bQ&fﬁéde%eP%i”B!feEEagment 800. :
The circles C,, C;, C3, and C, are drawn so as to
20 meet the above criteria. As can be seen circles C, and
C, are limited in radius r,, r, by angles y,, ¥, which
represent 120° angles of intersection between tangent
lines t,,, t;., and between t,,, t,., respectively. Aav,,
Av,, Av;, and Av, are the areas bounded by perimeters
25 P, P,, P;, and P, and curves cc,, CCy, CC3, and cc,,
respectively. Circles C3; and C; represent the maximum
size circle for capillary channel, wherein the angle of
intersection of lines drawn tangent to the circle at
points my,, M3 and at m;, and m;., respectively, would
_ 30 be less than 120°. Thus, as represented in this
exeﬁplary figure, circles C3; and C, would each have
radius of 0.025 cm, after reduction for magnification
effects. Perimeters are determined as the length of the
solid boundary interior to the channels between the
35 points of intersection between the circle and the solid



25 Plerr], Plerr], Plerr], and P[err] and curves cc[err], cc[err],

ccl[err], and ccl[err], respectively. Grcles Cferr] and Clerr]
represent_the maxi mum size circle for capillary channel, wherein the
angl e of WO9B709 i o  section of |ines drawn tangent to t hePCHPSY7a4sl7

points nmerr], nferr] and at nferr], and nferr], respectively, woul d 30

be | ess than 120[err]. Thus, as represented in this exenplary
figure, circles C3 and C4 woul d each havezs — radi us of 0.025 cm after
reduction for magnification effects. Perineters are determ ned as
the Il ength of the solid boundary interior to the channels between
the 35 . poi nfer odachteliamnél onCHetogeande.cirepresent (dirclds dof WO
98/ 07909 -

PCI/ |SQ7
- 32 - o x}m%%cﬁad %Rpl{fd t? P tioTs é%dkﬁfe%%?ggégfg%ent
circles of whieh denmet ame%lﬁqbpw ezapblparyi ehanpelshacsorddng 4o

whi ch ‘do not ogieéié¥i€sriapst! €hisC ﬁréQCOHQhBG tP and Avt gRyCriteria
of this oced_érr Hepce, P and ese circles would be_zero.

As perimters %ﬁ?]clﬁT%?§]“°¥%é;P? fe¥o. éﬁdpﬁféPF ergnfieuPeesPeclerr],
cc[err], cc[erandapg, cahdré¢urves de Se=y, cc;, ante agacan e swan d
bet ween nferr] n?rQLeBE]tﬂQuég}PS be Weehnﬁluqﬁgﬂbdﬂ'ﬁﬂ%g c&l si nce such

solid correspon ary ¢ annel hahnel s wit hin
the 10 cri tbwhuﬂeri m«thhnthe gsince| sechnsoligcrorrespends to Areas

A[S_rir] [and A[@é%iuerghfgaeggﬂmsﬂsbuohhasﬁgecngngeiélt g?%th%&tshefﬁ f 22 of
radi

tangencyﬁ%etme {ﬁ% é BF AV 8@3 gﬁaCPﬁetgaprgg BCVhanenh8G8&) . are not
i ncluded in 15Areaé{a§5].an@ng§W4swh1chdane bbandkd byudldaeaxr area Alerr]

fromthe e§@£8%$ahéong£ﬁéE%?H§§ g& ext %égl{[é%{dQIOf circle

Cerr]. erness '”Ilary anne
(CcwW, and Avevegeeeﬁilge@aretcrhthﬁnésse(pfetapyeapy betweege theniciaele

according 1o t0e Phgoeser@e1ps b0l L ciibindd), aPbofsduiABIANEd lml enent ed

based up a goto cro of a,re re ent atlve m crot.o
Cross- sé@%ron lkeglsgcéﬁ???%?yrth AN Bras TEOI |
descri bed. calculation A; based upon extension of r,, of circle c4. -

Slenderness Ratio (S), Capillary Channel Width

(CCW) , and Average Structure Thickness (t,,.) are
determined according to the procedures as folloﬁ. The

20 procedures are implemented based upon a photomicrograph
of a representative microtomed cross—section of the
capillary channel structure, as previously described.
For capillary channel structures having variation in
Slenderness Ratio, Capillary Channel Width, and Average

25 Structure Thickness in the axial direction of the
capillary channels, sufficient cross-sections should be
evaluated to proﬁide a representative weighted average
Slenderness Ratio, Capillary Channel Width, and/or
average structure thickness value. If, however, any

30 portion of this structure of linear length in the axial
direction of the capillary channels of at least about
0.2 cm, preferably at least about 1.0 cm, has a
Slenderness Ratio, capillary channel width, and-or
average structure thickness wvalue within the ranges

35 hereof, then such structure may comprise a capillary



For capillary channel structures having variation in Sl ender ness
Rati o, capillary Channel Wdth, and Average 25 Structure Thickness in

t he axi al wi 9s909on of the capillary channels, suffi cdcebsoracor
cross-sections shoul d be evaluated to provide a representative )
wei ght ed aver age Sl enderness Ratio, Capillary Channel Wdth, "and/or
average structure thickness value. |If, however, any 30 portion Of this
structure of linear length in the aX|aI 33 —direction of the capillary
channel s of at |east about 0.2 cm preferably at Ieast about 1.0 cm

tructure thi cpiaeperpreactine 82 el byttt od Mererpol ' 79

structure may &SnPaAgete Figi| 62 for exemﬂ@dﬁﬂ(ﬁﬂ!ﬁbses of the
PCT/U897/14607 rocedures. - 33 - channel

structure of the present | vention. Reference is made to Fig. 62 for
exenpl ary pur poses %i ow ngbﬁﬁﬂ§ihQ¥§ are used: The follow ng - :
equati onsbare used: 5 s IP/AAst S Llerr/4Aerr].

t[err] = 2Alerr]/L + ehp L =total solid

peri neter of the cross- seétreon s of the structure; and 10

Alerr]= total area Wheredndross-section of the solid formng the
structure perpendi cul ar g0t R@tal SOIQQP@éfﬁﬁéﬂHE”H¥”t¢? ss-section The
f oregoi ng equati.on, f or Slenderness Ratlo treats e under

consi deration 35 FPe SEEYCTYXei18nd channel -forni ng wal | thereln For
cEanne: etlof i bers . haying totamcareaabfpehtel e&ob%efs@dti@iedf; tHe €
channel s p en S ti S) can

be given as s8lid E%§ﬁﬁhg Eg% %Hgﬂﬁ@g é%ﬁ qé%ﬁﬁf 3? 1§%émrein:

L and A[err] afaPid lpzve chpohede agdisi-ned; and N = nunber of

channel walls in thena! Fetkdoing equaﬁiﬂﬂij¥|éiéﬁﬁéﬁhéégﬁﬁhéfgltpégﬁs on
one or both Slgﬁs fiber under consideration as if it has one
15 channel-forming wall therein. For channeled fibers
having a functional portion wherein one or more channels
are present, the formula for 51enderness Ratio (S) can
be given as:
s =122, N
20 wherein: _
L and A, are as hereinbefore defined; and
N = number of channel walls in the structure,
said walls being those that have, on one or both sides,
channels that are closable by straight closﬁre chords.
25 CCW is the length of the straight closure chord of
a capillary channel wherein said chord closes said
intra—structure capillary channel and which tangentially
contacts the points of intersection with the capillary.
channel walls of said channel in such a way to maximize
30 the volume of the channel. (Portions of the structure
which do not contribute open channels closable by
straight closure chords should be disregarded prior to
the above calculations.)
Fig. 62 shows, for exemplary purposes, a
35 cross—section of a capillary channel structure 900



channel s that are cl osable by straight closure chords. 25 CCWis
the length of the straight closure chord of a capillary channel

wherein said chord cl oses said i ntra-structure capil and
whi ch t afyR@A9780% y contacts the points of intersect |ll(§%r’é§’§ﬂ?@ﬂ

capillary channel -walls of said channel in such a way to naxim ze 30
the vol une of the channel. (Portions of the structure whi ch do not
contribute open channels cl osabl e by — 34st+ai ght cl osure chords shoul d
be di sregarded prior to t he above cal cul ations.) Fig. 62

shows, for exenplary purposes, a 35 cross-section of a capillary channel
structure 900 haVlng mmmng, W3, W4, W5, and Wée for Capillary

5\101'/ 3\597%468\Zch\?\gne1s c1 fcz c3, IC4 c5, and hcs 341'espect1vei§?‘V'ﬂ91§hgr5d5
a 01 ,Capi r chann :
and 06, respecti 7elfy, &t‘ﬁJ lsﬁp "éiai‘é%s &hey) ejr%l"c‘?ﬁ%sﬁ‘ﬁ@*%l on
correspondi ng to total araisseertionstl eraa Agaanfeinfizatesndi cates 5
conti nuou lin 315:]:: | S s neter L.
Xerr] - err% I N |c"{g]e9'|3'l(§’|eé2t§" %ﬁ\e‘gﬁgegx o ogq%ﬁ‘tl%la is ¢ eor‘%s a{a]'nd the
cross- sect | on. Perimeter L.Reffgr i ¥g Aaﬁlf:étﬁl poings chft@é'&e@@m iafn td¥e an

exenpl ary fibeichefrds HHE theOlcrdbEaREn. | nvention is 10 shown whi ch
approxi mates the idealjzed struct i scussed above,

cross-section incl u&%f W to Pl r?‘%h@wrﬁ"%ﬁ“r&eci‘b’ﬁ? ?Iﬁ a®1C and
short thin chaexsmplary ﬁlherl(h’tﬂBa \Warile piirtde tpredent himvemaiomgis he

ﬂl?ﬁséhannel arm%f%@rﬁl# éjg)% %Eaceﬁ}eb%ﬂéaeplééweém%%%g Lﬁggaﬁgt her

and are spaced ¥issmssad akaveer tS'SPlS crogsrseatinpiinglydes oilse aiong

di stance betweamis) H¥hned0 arms 1004 P 101E and NEhok SEninh bekamyel age
~capillary w dt 101B ace the long thin

T t he st andof f
arms 20 1015%&‘%0 g&‘% 3, RIHra3i ey soa}g GHRE ERQNFECSS™  he
| ong thin arns s:btaﬂbﬂica-ncbrﬂcﬁﬁcm Eily ackhtare bmmilémttogethenpph)eelmag

anot her ﬁ%orOXit'mtr? éﬂ%ﬂé&eaalfﬁ&dld’fi aAﬂc?'lOlc of adjacent fibers

oppose one another and are spaced from one another by
the standoff arms 101B at a distance between 50 and 100
microns (i.e., the inter—fiber average capillary width).
Thus, the standoff arms 101B space the long thin arms

20 101A and 101C of adjacent fibers from one another, and
the long thin arms 101A and 101C of adjacent fibers that
oppose one another approximate the idealized parallel
inter—-fiber capillary channel walls discussed above.
The fact that the long thin arms 101A and 101C are much

25 longer than the inter—fiber average capillary width, D,
defines a capillary channel having a length (i.e.,
parallel to the long arms) that is greater than D. The.
cross—sections of the fibers having a section (such as
an arm or base) extending in one dimension at least the

30 desired inter—fiber average capillary width indicated
above is an important characteristic of the present
invention.

Synthetic fibers of the invention are fibers made
from the major melt spinnable groups. These groups
35 include polyesters, nylons, polyolefins, and cellulose



inter-fiber capillary channel walls discussed above. The fact that

the long thin arnms 101A and 101C are nmuch 25 | onger than the inter fiber
aver age C@o 9sio6ge W dt h, D, defines a capillary chanigrfigm,

| ength (i.e., parallel to the long arns) that is greater than 6 The
cross-sections of the fibers having a section (such as an arm or
base) extending in one dinension at |east the 30 desired inter-Tiber
average capillary width indicated —aBbve is an inportant
characteristic of the present invention Synthetic fibers
of the invention are fibers m the nmyj splnnable

groups. These SF&RHS: 35F 1be¥ﬁcf-’&ﬁ@ Bﬁﬂ-yégf@ﬂ-e"ﬁy ?Phﬁtﬂa}tﬂ"tﬁr R4 and

cel I ul ose pol¥pPEpPYENE are especially useful at least because of .
PCT/ US97/ 14607, ers

Fibers from po‘fh? ‘f’h’i’?’éﬂﬁ*’é’f“@ﬁﬁ%ﬁéﬁt 331da &de rana%l ﬂfr ml&ggetai}p@s.

especi al | y usefxeferabdyst thecdevderopf each: fdvermisukedmeerhiabout ak -
wide range of #pplieshtO850, and RbebCprbkrably PetvilerPaAf! 3d Reda ! 830

bet ween about 15 5 and about 250, and nore preferably between about
and ' 170.170. Fi ber Surface Conposition The fibers of
the bundl es of the invention have a 10 surface conposition that is

ei ther hydrophgldc_o dr ic. The surface conposition may be

i nher ent r%%kért%grﬁﬁfﬁrgxﬁngﬁggﬁéteriaI used to nake the fibers

or may be fabricateﬂheyfipprSCinbheobusdﬂbacoffMMesmmyention I@nee taype of
surface {4 ni Shsﬁ'fféaﬂscefﬂgbgﬁtﬁléhuﬁﬁﬁfef fs“%ﬂ:éy philld Pt ransported

by the inter-fiber ca annel r,0 h|||c surface finishes
provi de e¥ﬁi‘aeptapéscr heTE‘&r FUEEACE: CRIMPORiAARAD maYydeyd t

tension (i.e.,ahdathet haagi:; ot thet haWet:ttaaque@as to maked itHe cswmb are
Lheref ore preferr gyl B 3BRF1EAEL"Ey dpp1 {cBtoH Bt UL '+ des. PO
The type of surface finish depends on the nature of the
15 ligquid to be transported by the inter—fiber capillary.
channels. Hydrophilic surface finishes provide.
structures the surfaces of which have large adhesion
tension (i.e., that strongly attract) with-aqueeus
liquids and are therefore preferred for applications
20 involving aqueous liquids. For absorption, filtering,
and transport applications involving non—polar liquids a
hydrophobic surface finish is required to provide large
adhesion tensions with non—-polar liquids. |
Preferably, the fibers of the bundle have a

25 hydrophilic surface which is defined as a surface having
an adhesion tension with distilled water greater than 25
dynes.cn. .

Preferably, the fibers of the bundle have a
specific surface force which is mathematically
30 determined by the following equation:
(Py Cos (fa))~»a = 0.03 dynes~ den
wherein P is the perimeter of the cross—section of the
fiber; ¢ is the surface tension of the liquid on the
surface; 0 is the advancing contact angle of the liquid
35 on a flat surface having the same composition and finish



and transport applications involving non-polar liquids a hydr ophobi c
surface finish is required to provide |arge adhesi on tensions with
non-pol ar |iquids. Preferably, the fibers of the bundle have a
25 hy d™PP¥7989 surface which is defined as a surface haRGyUsInI4607,
adhesion tension with distilled water greater than 25 dynes/cm -
Preferably, the fibers of the bundle have a specific surface-~force
which is mathematically 30 determ ned_ b? gthe follow ng equation:

(P[err] Cos ([err]a))/d [err] 0.03 dynes/de wherein P is the
perimeter of the cross-section of the flber [err] is the surface

ten|S| onf of ht hfa ds C&h% Sirtdce off:'lthéufiﬁé:? (%Qrébebiﬁh‘.ba advansi n@at@iritactd
t t
fiep e 110080 # ' 85 UhAF 8" RHE"dah08 188 B H2TRAS e O 2N
PCT/ US97/ 14607 the llquld on the surface of the fiper; and 4 issthiec
surface of the ié fér ?ﬁeég Ct{hbéf LA WhichP ?h@”i: was m@asnigﬁll 981) ;

[err] Cos é[err hesion tension_ o he i qui,d on the
surface of5the ‘m@lesaﬂﬁ fibers¢hich sakisty Shlﬁhénﬁﬂﬂélli&ar WAVEh the P

was neasured. SexceBvagtesiow bfbeiaidlh)i GhetheirShyuebus oirctiddaguedial,c

excellent flowof flu et her agqueou nonaqueous, al ong the
| engt h of the bﬁ% £gé fgnggh °$h§§§u§P38% €rini shes are typically coated
on fibers duri n'ghehshrfaaeufanﬁ.ahes are typicadlysceeritedoesufibers

just after the spkigg PRLXIChahfrgekinded HhEoUBREIRG usual 30Rdde of 2

spi nnerette and quen appl e t hi ckness

of the cob®ing ﬁ‘ésﬁuéﬁter the;ppikep PRANMEK: is &g@rm i'}lli‘r(ﬂ“qlhé:hﬁ ber
and is rreapéi-edrbnotearrEpQﬁnei-étner andl quleniched,obiit & @an e 15

e LT ber, TNeaBEialh BEEEE ghet R SURlGHII e che coatiBl Y i oo
Sone of the fintbieeékrubhanathe cuwesbusertipnowifddéhe fiber and is -
measured in terms of its percent of the total weight:of
15 the fiber. The weight percent of the coating is
typically between 0.005 and 2.0 percent of the total
weight of the fiber.
Some of the finishes/lubricants useful to provide_
large adhesion tensions to aqueous liquids are described
20 or referenced in U.S. Patent No. 5,611,981. Surface.
finishes are well known in the art.

Large Liquid Flux
The forces creating the transport of a large flux
25 of liquid along the bundle of the fibers are the result
of the surface energetics and the thin armed cross-—
section shapes of the fibers and relative positions of
the fibers when wetted, thereby forming the inter—fiber
capillaries. When wetted, the bundle of fibers has a
30 large ratio of inter—fiber capillary volume (i.e., void
volume) to the volume of the polymer in the fibers
forming the bundle. The thinner the cross—sections of
the fibers, the larger the ratio of the void volume to
the volume of the polymer in the fibers for a given



| ar ge adhesi on tensions to aqueous |liquids are described 20 or
referenced in U S. Patent No. 5,611,981. Surface finishes are well

known i n wH%sa84dge Large Liquid Flux Thep atl ng
the transport o a | arge flux 25 . of liquid along the bung?e o?hﬁ

fibers are the result of the surface energetics and the:thin arned
Cross- section shapes of the fibers and relative positions of

the fibers when wetted, thereby form ng—tR& +nter-fiber capillaries.
When wetted, the bundle of fibers has a 30 | arge ratio of inter-fiber

capillary vol ume (i.e., void volune) to the volune of the polyner in
the fibers  crosgrseatieonal ghape. TERisnrakde may beosharactenigest -

the fibers, theyl@igesihgPe’ Piberobulikeruetdryorugpetdfic volul Vol ume of
the polyner in the $|bers %or a |ven WO, 98/ Q7909

PCT/ US97/ 14607 he surface t nsion of the 1li iguid generates
cross-secti onatadimpry directedi Soregsbenchtheaftiberscdf the bpridie Si ngI e

Fiber U Fachgbe ChraBEChE! EoYSUEE. the, tivers BICHHU LASAIERUAMRAL (N1°

i qui d generates forces on the fibers o ndl e
5 t hat preg%n%raﬁﬁthﬁﬁs%nthé Fhﬁefébérstﬁ§eb9ﬁ@ﬁ§:$$§%4ﬂfr°m- one

anot her unti | fﬁ@tﬁeieefsdaag eemiabaénsg ftheAr crosfsursrelwldrﬁci dndpd apse

by their cros sectlo

tial I
qui ckly once t ?‘B%Egal °°E$?Bsﬁe9f=83r§n3@fr3!s§ull§’?ﬁ g O%%‘&t zf’é?e%/%e
bundl e bei ng 1Are wettednaadtresumtsndna&hehinhatsn@ftmhe'Hun@iéubeingtly

after thfe'ﬂbundi éé{n%f:{:e\glﬂghkiﬁe 4no Qg: %ﬁokxgetfhqu en t e%er?are

cont act an €0|n | éngt
wetted, the fo® EsrohhanpupQéefnsews ted- Ehéssuﬁﬁ¢%qaﬁ as thesbihers

fT Ih be][ls aga:c nStaﬁQelﬁnébﬂﬁécﬁ5at lalhy i)%fiﬂi‘tt |&an@} Q:'lré‘;'zbg!erfg%!%cd |a;]\'£ afe
crgss g)e(c'? i oﬁa{: lg ghﬁp f?ﬁér EIFFI %%‘te% t%gvglqrmpsre%%qy[o&ﬁq i TReT o
velocity of tharei guffficient to press the fibers against one another

15 _ to form the inter-fiber capillaries.

The flux of a liquid in any capillary is the
product of the cross—sectional area of the capillary
available for flow times the velocity of the liquid in
the cross-sectional area of the capillary that is

20 available for flow per mass associated with the channel.
For the bundles of fibers to be effective liquid movers,
the velocity of the liquidrsolidrair front moving from
where the bundle is wetted along the axis of the bundle
times the cross-sectional area for flow must be

25 relatively large. The Initial Veloéity of liquid along
a bundle of fibers of the invention synergistically
increases with the number of fibers from two fibers per
bundle to about twelve fibers per bundle after which
there is little change in initial velocity with numbers

30 of fibers in the bundle.

The flux of a liquid in any capillary is also
dependent on the interplay of the driving force on the
liguid in the capillary, the viscous drag force on the
moving liquid, and the gravitational forces on the

35 liguid. The liquid flux is proportional to the driving




the cross-sectional area of the capillary that is 20 avail able for flow
per mass associated with the channel. For the bundl es of fibers to be
ef fecti ve%g&bd novers, the velocity of the liquidsolid/air front
movi ng fr 7909 where the bundle is wetted al ong the axi SPERUSHIadépand| e
times the cross-sectional area for flow nmust be 25 relatively large.
The Initial Velocity of liquid along a bundl e of fibers of the

i nvention synergistically i ncreases Jy th the nunber of fibers from
two fibers per bundl e to about twelve fibers per bundle after which
there is little change in initial velocity with nunbers 30 of fibers in

the bundle. . force d:.v-EJ&d" \ﬁfscﬁ:dé% dly | Fory ﬁﬂéé' Sagl SO
dependent on ttl]_,e |nter Iagé) th driving florce on ﬂé{wﬁ‘l?}%ld in the

capillary, the'Vi *on gravitational |foxres emdthec
gravitational ﬂagmasl affidet The lilguiid Eluwd Ty icipil Tdriked sStRaOPLFET Onal

to the driving
PCT/ USO7/ 14607n01:. a11€AQd9§109 %%%tally as is oftergé:he case forf- or ce

di vi ded b? vi s2hESThent mrodmgtaMerTk hvhumans.  resistance to flow). The
gravitational. forcesne diiting forldelnf tald qcitqdl@ i Gyl capia iRy is
caplllarlesthggaroe \%& d horizontg as IS often t ca

for 5 absor BESPOS el ﬁ?’@y n te“s’-"n of fthe gkiquif ‘F!-)F‘@e on
the liquid in e &mﬂdwpﬁ the cagiliparyt ismeltd clHd painsten denehen of
the liquid wt - f f lary and to the |rreter of

t he crosslazgggtsl on o eq:'ccg"-'h da :iﬁﬁ%%l&} Té} é\ R d 51

t ensi onsPesul F@F’ﬁq%sgéieﬁ\ild:wi@ fﬂam 1imnda(ﬁiemm The adimssibonof the

liquid with thteswlfoapefofthwglmd h&iith the sWlSRRsESo N (H5pf i tion.
of the liquid aad onposi ti on ,of the surface of e capi I T'aty.
Most conventy t| alupr% Q9P e é's}%%’d%'l drhes -

adhesi on t ensi Gompiost tacgme afs thieq sk Ao \A'mertmi)maplllaryi wandgt and si xty
dynes/ centi met @onvEi i3S WYdrophilic surface finishes provide an

i5 adhesion tension with aqueous liquids between about
twenty and sixty dynes.centimeter. The adhesion
tensions with non—polar liquids for most conventional
hydrophobic surface flnlshes are 1n the range of ten to
thirty dynes/centlmeter.'

20 The viscous drag force on the moving liquid in the
capillary is approximately proportional to the viscosity
of the moving liquid in the capillary, the perimeter of

-the cross—section of the capillary, and the diameter of
the capillary. cCapillaries that have narrow widths have

25 a relatively large ratio of the perlmeter of the cross—
section of the capillary to the cross—sectional area of
the capillary resulting in increased viscous drag force
and, thus, reduced liquid flux.

The force of gravity on the liquid in the capillary

30 will affect the liquid flux through the capillary if the
capillary is not aligned horizontally. Because of the
gravitational force, the width of a vertically aligned
capillary that maximizes the liquid flux up to a given
height is narrower than the width of a horizontally

35 aligned capillary that maximizes the liquid flux.



tensions with non-polar liquids for nost conventi onal hydr ophobi c
surface finishes are in the range of ten to thirty dynescentineter.

scous drag force on the noving liquid int
caplIIarfmog’ﬁgﬁéoxinately proportional to.the viscosity _ﬁEin%anfﬂg .
moving liquid in the capillary, the perineter of the cross-séction of
the capillary, and the dianeter of the capillary. Capillaries that
have narrow w dt hs have 25 a relatively Parge ratio of the perineter of
t he cross- - section of the capillary to the cross sectlonal area of
the capillary result e Y S t
reduced |iquid fhﬁ(éﬂ@ é§ér£§£ ?ﬁégf kigg%fc % e 1| Ulﬁs ﬁﬂﬁhe

capillary 30 measurdgnent uheliqultofﬂG%ermmmgﬂiﬁfﬂthﬁmt¢Ewﬁlbérthe
capillary 'S'“HaﬁiIIHE$EQQ5fé08&9%&&1e§€§§“§%&3éd'Hiart to P& iRl jgna

force/ the width of a vertical a capi | I"ary that maxim zes the
liquid flux Lm)*ﬁr gfluxes. Dvhé?g FSF§S§54W5HQVQ¢] tth?vﬁﬁ?ﬁag? a -

hori zontals y 3Sspacindg gbetiveeni bppogingawalas G ahd hﬁr&éﬂ-ufﬂbéirux
WO 98/ 07909

MOy 070 capinarics and i, RPEWESR, 25,473 AP MARTONR, | Bupes

measur enent ut ithatchave dintent+-fidbetr chpillearigs fwving laxan|¢apib1aawe
sufficiently SFE’zC@Qs-aQé‘é’Eiéﬁ pESihbti? lwgﬂlﬁ;%’rfé%s&tféﬂglsﬁi‘éﬁed

above, is the avera acl ng between opposing, wal |'s e
inter-fiber of E&%l?PB}1%§PXan s PRETRYe %%ﬁiiﬂﬁFFW€+%ﬂ§ Bundl es
that haveig nt ereépbmatyr)wiaahse@mavhagé digh Q&Tsiéﬁryce to flowF]
cross-section t e er s-segtjona e

capi 11 ary and FEPPEw Shepopetrale, pRpRRFe FLe dha Tt 35 mpar BRYD) . nave
hi gh resistancestnongem/drivingTﬁorcewh@@nmanqas-snmtﬂ@nahdaneenaflthg
nust have EPDEEhefll ExhE9102568S IR0 S %éé’nﬂr&%efilﬁ&ekhe |

inter-fiber capl aries rn or haveé uxes
inter-fiber capfPhhtyinkernfiksrnerPAAdATde grﬂ,thl% do Rt pReYieei Bhel ux
because nesrow faRinhAr i egqubave€lux because narrow capillaries have

smaller cross—sections for liguid flow and the viscous
drag force inhibits the speed of the moving liquid.
In view of all of the forces on agueous liquids,
the preferred D for a capillary formed from a polymer
20 structure that is intended to maximize the liquid flux
of aqueous liguids and that has an adhesion tension
provided by a conventional surface coating is between 50
and 150 microns for a capillary in which the liquid must
rise up at least three centimeters and is between 200
- 25 and 400 microns for a horizontally oriented capillary.
While it is useful to move liquid up to a height of
three centimeters in many absorbent products, obviously
it is desirable to maximize the liquid flux up to other
_ heights, as well. Thus, D is preferably between 40 and
30 120 microns for a polymer structure that is intended to
- provide a maximal flux up to about six centimeters.



smal l er cross-sections for liquid flow and the viscous drag force

I nhibits the speed of the noving |iquid. In view of all of the
forces on aqueous |iquids, . the preferred D for a capillary forned
froma p¥WQ 5387960 structure that is intended to maxi m zecriusotiget d fl ux
of  aqueous |iquids and that has an adhesion tension provi ded, by a-
conventional surface coating is between 50 and 150 mcrons for a
capillary in whi ch the liquid nust rise up at |east three centineters
and i s between 200 25 and 400 microns #8r—a horizontally oriented
capillary. While it is useful to nove liquid up to a height of

three centineters sor hen oduct s, obviously it is
desirable to ¥ éﬁﬁ?ﬁﬁ?ﬁg) iﬁ?%ﬁgﬂ gg chprep hei ghts, as wel |
Thus, D is prefer atﬂ':;efmtarbhn fthenduBles 6f0thecimventdomrm am ynmer = -
structure thatjice aEd Liva novel’ 8YHEsaniR blordefit PrddudhoUl i x

centineters

PCT/ US97/ 14608uch as diapers, adult incontinent prgpducts, and
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fem nine hygiene[NThhstsnvaBtﬁpneahsotincmudesahbwel llqnxﬂnre and

transport Ilcng & i o i ncl udes
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novel |iquid acquisiti IStri ut I on structures ent

products t hat EFQQ??ﬁﬁu%h%Eu@b%§r¥bﬁﬁﬁd§qaﬁﬂu§rélﬁﬂ%ﬂﬁ argl are Rsefizliner
di sposalie prOﬁN%&M&%ldbé@&bie productesitiche aaniﬁdﬁeﬁél,d i nconti nent

roducts. The ui si.ti,on/ distri utlo st.ruct cqujre and
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core, which i n of, s Xt erj f S r oduct
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t her eby I ncreasl ng e weare
core mater1a1 utlllzatlon by 1ncrea51ng the liguiad

15 distribution to regions of the core, which improves
dryness of the exterior of the absorbent product- thereby
increasing the wearer’s comfort. 2

The acquisitionrdistribution structures may also be
useful for non-polar liquids. For example, absorbent
20 materials are useful for absorbent products for cleaning
up household or industrial 0il spills. Absorbent
products for cleaning up oils may include an
acquisition’ distribution structure of this invention
that is tailored for acquiring and distributing non-—
25 polar liquids. _
' The novel absorbent product of the invention
include (1) a liquid acquisition-distribution structure
comprising (a) a top layer, (b) a distribution layer and
(c) a flow resistance layer that is resistant to
30 penetration in the direction perpendicular to the plane
" of the fabric, the basic structure of which is shown in
Fig. 40A, (2) an absorbent core and (3) an impermeable

back sheet. The liquid acquisition- distribution
structure of the absorbent product of the invention is

35 usually the layer (or layers) directly above the



The acquisition/distribution structures may al so be useful for
non-pol ar |iquids. For exanple, absorbent 20 materials are useful for

absor bent for cleaning up household or industrial oil -

spi | s. AE?%?%?%FS products for cleaning up oils nay ikEFﬁﬁgwgﬁ“7
acquisition/ distribution structure of this invention that is- -
tailored for acquiring and distributing non- 25 pol ar |i qui ds. ~

The novel absorbent product of the inveniiggp — include (1) a liquid
acquisition distribution structure conprising (a) a top layer, (b) a
di stribution |layer and (c) a flow resistance layer that is resistant

to 30 penetr &Isnrhent heork reentainpngpthdi ddguid stdrmge aneterial, of
the fabric, thedaHGslidEike whi i oun, i i 0A an
absorbent core.,and (3) an irr%ier rrg%%Te e éoggc%gsﬁg’gtv.e ﬁ?egllﬂ%ﬁéﬂ'"éaégé '

acqui sition/ dRAGK F1eYh thus completing the: pbserbemtemrodustict of the

bgyg%logn is 35 usind |yop MEayeypraises J:améa)PS#—.r g%ﬂfﬁg‘éﬁaﬁ@e any WO
Da1 - % SSnyenhionad o sheet RtgEipdy &i"d’&tac?r Reriarated -
as shown in Fi polayEthylene of Elm sombavealendarpbondad or a spatkboh@sd

a top sheet, My mhe ary. meds £LOE Kb1ypropylens, Fibdet, iyed s
per f or at ed %ﬁﬁ{%lm he made frem| ekber pexdorahed pgiymemnded
top sheet nade fFfirloms m:ﬁwngmm{-@ne lﬁf&ﬂérfa%sliﬂwvgﬁae b?xl;aeerrssidlgir gilr%‘?rt Kebe :
indor s1 a2t ¢ AR, B ¥ SR Cantact anSlentach ARIGOUR CH EARDUS
li qui ds t Fhen Hhe dopistidefof ieheobophshket. In another
BUt out portions | n Thamottes fereirad, enBBATalETLAL W R 42 Ui
i nversion 15 P& ARk a0 ARerEered fhimiwhtbhout omt porkicks don tse
di scl osed in Uapextairtwslny i €8l pPdviasi spoNeanedue? I8 quid inversion
15 from the frontside of the top sheet to the backside, as
disclosed in U.S. patent application serial No. 545,450
filed October 19, 1995.
The distribution layer or structure may be made
from any continuous capillary system such as a capillary
20 sheet, a web, a bundle, or a tow, or filaments that each
provide spontaneous transport (or wetting) of liquids
along their surfaces. The capillary system preferabiy
includes capillaries aligned in specific directions.
The capillary system may include fiber that each
25 spontaneously transport (or wet) the liquids of
interest. Preferably, the distribution layer or
structure includes a bundle of the high MPFp fibers of
the type disclosed in examples 1-9.
 While not preferred, the distribution layer or
30 structure may be made from a large number of round
cross—section continuous fibers which are in close
proximity to each other, preferably touching one
another. Whichever fibers are used in the distribution
layer, they define inter—fiber capillaries that provide



filed Cctober 19, 1995. The distribution | ayer or structure may
be made fromany continuous capillary systemsuch as a capillary 20
sheet, a web, a bundle, or a tow, or filanments that each provi de
spont aned¥R@98PWEport (or wetting) of |iquids al ong t RETUSUL46OT eS.
The capillary system preferably i ncludes capillaries aligned in -
specific directions. The capillary system may include fiber t-hat each
25 spont aneously transport (or wet) the 5|gy|ds of i nterest.
Preferably, the distribution |ayer or structure includes a bundl e of
the high MPF[err] fibers of the type disclosed in exanples 1-9.

Wi | e not preffafedlr%éelahéirfﬁa&' 82 h3yfidCa1dhy tHd Wlidred™y be mde

froma | arge nupber roun cross-section contlnuous ers mhlch are
in close ?ﬁ%&?ﬂ+?§ o8 thenfdbREF: preferably touching one

gn?ther V%icpever Exanplesr ofUStBers alre &m&t@ﬁuﬁﬁaxEoﬁslylayer t hey
efine inter ries,.t r.o 98/.07909 -

PCT/ USO7/ 14607 ifﬁ%sﬁéPkkhé 5 we@%&b& %1 ers dlsq&?seé3 f%?
directiorfal f|Ratent|Ngs.dSaR6Rg22Re 5,290:248 andli§ &kl ,ABbfandectlhebers.
Exampl es of fibgha185°0ENe 8RPE! A28RYSLA in HiIBNTHUAIALAL1RL L abl €

fibers disclosed in U, Pat ent Nos 229, 200 248 and
5,611, 981 and FTRese flbsﬁﬁdaneg be pader gnd*-ba f—m. 4S5 RETYEES L | On.
These fibers nagnbevendeebs,t parhs, metk.t ows, slivers, nonwoven webs,

yarns, etc. an r rt| f ber ot 10
constrained to be b 8I5§°§§§5%ﬁ5$3? kéa%%a? r%kbér %Q?ﬁﬁ?g to each
ot her) i¥0ordeeonstrainegote begbhndled togﬁﬁhﬁnﬂ(14ﬁ}fﬂkﬂﬂ@&ﬂ@%sly '
transporting fpPgksmpe theeach otRee) ) i ottt e Ve st Plluias.

Spont aneous wetta ose proximty in this, context neans 15
that the fi ber8OUBVAE - ﬁHﬁesPBnFBPﬁPpﬁéﬁ'WTQﬂ§P°rtlng fibers provide

more flux when they are bundled. Spontaneous
wettability and close proximity in this context means
15 that the fibers do not have to form inter—fiber
capiilaries, since each individual fiber will transport
ligquid but it is desirable. Since (1) capillary‘action
is only significant for capillaries which can generate
forces large when compared to .the force of gravity on
20 the liquid and (2) only capillaries with dimensions less
than about 300 microns do so, close proximity in this
context means less than about 300 microns. Therefore,
spontaneous transporting or wettable fibers in the
distribution layer can be more than 300 microns average
25 spacing from one another.

The directional flow in the distribution layer can
be designed by arrangements of the directions of
transport of the liquid to be (1) essentially radially
outward from a point or small region, (2) essentially

30 bi-directional, (3) fan shaped (i.e., radiating along an
arc from a point or small region), (4) multiple fan
shaped (i.e., radiating along at least two arcs from a
point or small region), (5) grid structured, and (6) any
other essentially two dimensional flow pattern in the

35 distribution layer, depending on the needs of the



capillaries, since each individual fiber will transport liquid but it
I's desirable. Since (1) capillary action Is only significant for

capill ari ' can generate forces | arge when co e
‘v@ég%’itsﬁ‘ B @9{»‘{4&6@

force of gr y on 20 the liquid and (2) only capillaries

di nensi ons | ess t han about 300 m crons do so, close proximty |n_this'
context neans | ess than about 300 mcrons. Therefore, sponttaneous-
transporting or wettable fibers in the— 43 —distribution |ayer can be nore
than 300 mi crons average 25 spaci ng from one anot her. : The
directional flow in the distribution |ayer can be designed by
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essentially 3Q, fan shaped (i. radi.ati ng al ong an:
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radi ati ng al odgamid‘enstonttastaris dIsjnr:ebuted abongtaoflemplatrtegﬁmrhg (‘5)
grid structur grAluk | ¥ wpasi onal flow
pattern.in the 35 ﬁt%tﬁl}eona a er e en%ibéi‘ Hﬁﬁe needs of the
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t han the dlrectlon 0
the fibers in the first region or from which the axes of

the fibers radiate away in an arc.

Preferably, the distribution layer provides a flow

pattern distributing the liquid to at least two distinct
20 regions, and more preferably at least three distinct
regions, of absorbent core material.

Preferably, the aistribution layer includes at
least two sets, and more preferably at least three sets,
of fibers that are aligned in the impingement region and

25 that are not parallel to each other outside of the
liquid impingement region. The distribution layer even
more préferably includes a plurality of sets of fibers
that are aligned in the impingement region, that are not
parallel to each other outside of the impingement region .

30 and that distribute ligquid from the impingement region
substantially uniformly to more remote regions of the
absorbent core.

Preferably, the distribution layer includes yarns
produced from the spontaneously transporting or wettable

35 fibers having a hydrophilic surface. The yarns (tows)



the fibers in the first region or fromwhich the axes of the fibers

radiate away in an arc. Preferably, the distribution |ayer

provi des a fl ow pattern distributing the liquid to at |east two .

di sti nct w@98/omesyi ons, and nore preferably at |east three BrwUSILI4607

regi ons, of absorbent core material. Preferably, the . .
distribution [ayer includes at least two sets, and nore preferably at
| east three sets, of fibers that are aligned in the inpingenent
region and 25 that are not parallel tT 84ctt other outside of the

l'iquid inpingenent region. The distribution |ayer even nor e

preferably includ sets of fibers t e allgned I n
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fibers fornlng a sin
undle. In this case the separation distance between

15 the top sheet and the flow resistance layer is
essentially zero at some edge of the article but may be
up to 10 millimeters where the fiber bundle is between
the top sheet and the flow resistance layer.

In a preferred embodiment all of the fibers in the

20 distribution layer are located within an approximately
one inch wide band along a major axis centerline of the
absorbent article..

The weight of the distribution layer depends on the
type of product. For feminine napkins, the weight

25 should be between 14 and 2 grams with the length of the
fibers being between 7 and 25 centimeters. For diapers,
the weight of the distribution layer may be between 1.2
and 4 grams with the length of the fibers being between
10 and 40 centimeters. For adult incontinent products,

30 the weight of the distribution layer should be between 1
and 10 grams with the lengths of the fibers being

- between 10 and 70 centimeters.
The distribution layer may include fibers of at
least two lengths. This enables transport of the liquid

35 to regions at different lengths from the impingement



bundle. In this case the separation di stance between 15 the top sheet and
the flow resistance | ayer is essentially zero at sone edge of the

articl e buyodswebs up to 10 millinmeters where the f'bﬁﬁTﬁﬂﬁﬂiﬁh+s
bet ween the top sheet and the flow resistance |ayer.

preferred enbodinent all of the fibers in the 20 di stribution |ayer are

| ocated within an approxi mately one inch wi de band al ong a ngj or axis
centerline of the absorbent articl®. 45 — The wei ght of the
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distribution layer from confacting the core where
contact is not resisgascecdayememayoplsssibg sesigngd todiavaveoreciiawe

structureignd ceeResithned &bahheheORop &eetlne THOViength of the flow

resistance layer may be shorter than the distribution
layer or the top sheet layer. This will allow the
distribution layer to transport liquid directly to
predetermined regions of the absorbent core beyond the .

20 edges of the flow resistance layer. The flow resistance
layer may also have a set of apertures through which the
distribution layer may communicate liquid to the
absorbent core. Preferably, the set of apertures are
spaced in a designed array. For example, the apertures

25 could be arrayed to provide a substantially uniform
liquid flux to all regions of the absorbent core.

Preferred Embodiments of the Invention
Spinnerettes, Fibers and Bundles

30 Referring now in more détail to the drawings, in
vhich like reference numerals indicate identical or
corresponding parts throughout the several views, Fig.
1A is a schematic showing the dimensions of an aperture
of a spinnerette used to make the fibers of example 1

35 ‘including arms 1, 2, 3, which radiate from a common axis



resi stance | ayer may al so be designed to have nore flow 15 resi stance
than the top sheet. The length of the flow resi stance |l ayer may be
shorter than the distribution | ayer or the top sheet layer. This wll
al | ow t heVNO98RTWP st ri buti on | ayer to transport liquid di r eOTUSN14607
predet erm ned regions of the absorbent core beyond the 20 edges of the

fl ow resistance layer. The flow resistance ' | ayer may al so have a set
of apertures through which the distrj utlon | ayer may communi cate
liquid to the ‘ absorbent core. Préte a5Ty, the set of apertures are

spaced in a designed array. For exanple, the apertures 25 could be

arrayed to proyi denesypsant i 3l %, UHANY  short |4 fkibflsibinb9sal af €gi Ons

of the absorbent core. ferr ment s nventi on
Splnnerettes,'FFQEhsWaﬁadBénépég Q@men51°nfh§¥%ﬁgr© kength afra5@eWail to

the draw ngs, THe width"™ii ¢8 loi.leg7 aﬁquei&rea:éttm(@ﬁchnﬂscms mdgByi cal or
correspondlngmﬁarts t hroughout the several views, Fig. 1Ais a -

schematic sho ®the di mensions of an aperture of a spinnerette used:
to nmake t8e flbers FigexaBplhows3the ideflaiisipfiracbdre2fog, anhapertadieat e

froma comon [ Ogyga
PCT/U897/146076f the splnﬂggé@@é in example ﬁ_lncluding 2 f+ﬁs TS

1, 2, 3, have de¥tsrnad)nfaseoftra® fpaend (infexmaly) aface PBmgadi mensi on
having a | engt hhci‘ckiﬁ&s\/\/s and BN®1urk hbore s70. OffemthhicRAbeES 6( Wit &hd S
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aperture is apertures extend through the thlckness between the
‘bottom of the blank bore 7 and the first face 5A.-
Fig. 1C shows a spinnerette 8 having a face 9 and
15 bores with apertures 10. There are 10 apertures in the
spinnerette 8. The apertures are arranged along three
rows and are all oriented the same way relative to the
rows. |
Fig. 2 shows a cross—section 9 of a fiber of
20 example 1 in a photograph taken at a magnification of
156. The fiber’'s cross—section 11 is formed from
polymer arms 1A, 22, 3A, upon extrusion of the fiber
from the arms 1, 2, 3, of the aperture pattern shown in
Fig. 1. The polymer arms 1A, 2A, 3A, define channels
25 12, 13, and 14. Polymer arms 1A, 2A, and 3A, have
distal'tips 1B, 2B, and 3B, respectively. The length of
a line segment tangent to two adjacent distal tips of
the cross—section 12, defines a channel width. For
example, the distance between the distal tip 1B and 2B
30 defines the channel width 1C. Similarly, channel widths
2C and 3C are the widths of the channels between the
distal tips 2B and 3B, and 3B and 1B, respectively.
Fig. 3A shows the dimensions of an aperture 20 in
which W illustrates a width of the aperture 20 and
35 lengths of portions of the aperture are shown relative



not shown in Fig. 1B. However, the spinnerette's apertures extend

t hrough the thickness 6 between the bottom of the blank bore 7 and the
first facg BA Fig. 1C shows a spinnerette 8 havj 9 and
15 . borégmﬁﬁ¥ﬁm§pertures 10. There are 10 apertures in thtegnﬂw%ﬁﬁﬁb -
spinnerette 8. The apertures are arranged al ong three rows and are
all oriented the sane way relative to the r ows. Fig. 2
shows a cross-section 9 of a fiber of 20—~ g7 xanple 1 in a photograph taken
at a magnification of 156. The fiber's cross-section 11 is fornmed
from pol ymer arms 1A, 2A, 3A, upon extrusion of the fiber from

the arns 1, 2, Bo thet hengphrWur eThet apertsimevR0 nis formédgfrom Thennel

pol ynmer arms 1A, , fj h : 4 nmer
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The length of base g3, apdspyatrusionged4 thatuerbpndcavay $ram thes of
the cross-secti gRannel1dGhiN8S arTheapreitrisiidhs P includexafpbateihe

N oS w151 |y Perhing 35, Hhat” protiuged, avay: Sren, e, FHRoed app &
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whi ch Wil I ust r &ReET4°8y 4 h%?%ﬁﬁ?ﬁ?ﬁ%%‘%% profigsionay Sﬁ’é%kf
portions of theexbension afethbeokasesi2® ikeyond thev@ﬁ§8F§?989°n of the
PCT/ US97/ 14607 pase 23 and the channel wall 21; #nd-protrusibn 2ige titgt h

W The aperture, 20 is forneqd fro hannel wal ls_ 21, 22 Lch extend
per pendi ctPar t&%a2Ph sion °EL :é%aQR%RdV5##u§$oH§YQEgP # ext end
away fromthe intetsaetdonvelf thellvhamos) usadbhs224andctheec channelebaEse
portion 25 that,grot f i ' : - LN &, $ 140N
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26 that protrudeS in e C Ahne \ ure I ncl udes
protrusion 27 wneak ithegintersestioniofh chanpelpwatlo32papd,Fhannel

intersection of phlae 23. RB&HRE DAL Ldies CHeNNgE, Wahl, 28, a#ed shick & on 28
that 15 being five times as long as the width W. However, those
protrusions could be longer or shorter, depending upon
the desired cross—section of the fiber produced
therefrom. In addition, the protrusions 24 that are
further from the intersection of the channel wall 21 and

20 the base 23 may be longer than the protrusions closer to
the intersection of the channel wall 21 and the channel
base 23 in order to increase the surface area of the
channel in the polymer fiber resulting from the
extrusion of polymer through the aperture 20.

25 Similarly, the protrusions 24A along the base 23 that
are near the center of the base 23 may be longer than
the protrusions 24 from the base 23 that are nearer the
channel walls 21, 22, in order to increase the surface
area of the channel of the polymer fiber resulting from

30 extrusion of polymer through the aperture 20. The '
protrusions along the channel walls and base of the
aperture 20 do not need to be evenly spaced, and the
relative lengths of the walls in the base may vary from
those shown in Fig. 3A. The width W is 0.090



10 I s an extension of the channel wall 21 beyond the I ntersection
of the channel wall 21 and the channel base 23. Protrusions simlar
to protrusions 27 and 28 exi st near the intersection of channel wal
22 and chwaomes/in7909 base 23. The protrusions 25, 26, 27, 2BCMUSIBISON as
15- being five tines as long as the wwdth W However, those

protrusions could be |onger or shorter, depending upon t he deeired
cross-section of the fiber produced erefrom In addition, the
protrusions 24 that are further fron1 he intersection of the channel

wal | 21 and 20 t he base 23 may be | onger than the protrusions closer to-
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order to increase the surface area o e channel in t yner
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pi nner ot Le uschore 37y BRzaya 35 et shiined Y & tres LRt rAurEere use

15 35. The diameter of the bore 33 of the spinnerette used
in example 2 is about 0.36 inches. That is, the spacing
between surfaces 34 and 35 shown in Fig. 3B is' about
0.36 inches for the spinnerette used in example 2.
Surface 35 is beveled at a 45° angle relative to

20 surface 34.

Fig. 3C shows the spinnerette 41 used in example 2
having the bore and aperture pattern 40. The bore
pattern consists of bores aligned in five rows in which
the apertures are all oriented the same way.

25 Fig. 4 is a photocopy of a photograph taken at 162
magnification of fiber cross—sections including cross—
section 45. Cross-section 45 includes polymer arms 463,
46B, and polymer base 46C. The polymer arms 46A, 46B
extend from the polymer base 46C such that the base and

30 each arm forms an angle of substantially greater than
90°. The cross—section 45 includes protrusions 47
extending from the polymer arms 46A, 46B and the polymer
base 46C that correspond to the protrusions 24, 27, 28
of the aperture 20 of the spinnerette shown in Fig. 3.

35 The cross—section 45 has a channel width 46D.



10 in exanple 2 is machi ned through the bl ank di nensi on 33A. The

correspondi ng bl ank di mension in the other exanpl es range from about
0.040 in 00 i nch. Surface 31 along with surf ially
defi ne tﬁﬁo&&wﬁb bore 33. Bore 33 is also defined by a beveleéééhﬁgkke 15
35. The dianeter of the bore 33 of the spinnerette used in éexanple 2.
is about 0.36 inches. That is, the spacing bet ween surfaces 34 and 35
shown in Fig. 3B is about 0. 36 i nche49for the spinnerette used in
exanpl e 2. Surface 35 is beveled at a 45[err] angle relative to 20
surface 34. Fig. 3C shows the spinnerette 41 used in exanple. 2

having the bore and ThferRhymemtanns 462, TA6Bhand the pajamew rbasms46€s of
bores aligned ifibrnl \dhg1W df méﬂsectmnteraaahwraqayarg&é&ie@rtﬁaﬁed

t he sanme way. Fi y raph taken at 162
mani {1 cat| on 309 (9 WS 2 FrfePreEianygoekes Eor the Tnad) 2
Cross-secti on 4he ranslexl Ed 22 of nehdGédperture 4@30ﬂrﬁh¢)c$y:mmabatte
46C. The po 2 4 e r yeh
t hat the base andﬂé‘gsi %a% G%m f'rolrl?rsfgﬁgg L g Qs%u%gtl%# 6%‘

t han 90[ &g apRItWre’s - %%l?%nliSdPﬁcged@epﬁﬁm (6103 ﬂ'?r ace

ext endi ng fromﬁé}esm& YO It10é n@héﬁ&a #6BtafAdpblymee! \WiRiruded rPaRetHEC
t hat correspond ﬁrotrusl ons aperture 20 of

t he spinneretté& Pr?ﬁﬁ“ﬁ?ﬁ?? égctqforﬁﬁ FE@S&channel

wi dt h 46D. secﬁ&bﬁ&tﬁ)?&f)%he polymer fiber have an aspect ratio
PCT/USQ?/ 14607

h
pol ymer arm; 46s51L %6’8 dg}ﬁle po Jy‘ri‘r%lr‘ 35%0216811]054:%1“}1&111% Talle% 'Ehan
i ntersection sl a#ﬂﬂ’%ﬁtyrgthatef thenprotrusipaso@der 137 en%ﬁ eingthe

i ntersection s £ @Fe 136 @95%33s§ﬂﬂnerettet Eﬁo@ﬁ{r&@#‘f&‘d iﬁ aisbhaue
aperture 20 of The fi s angl es

bei ng greater tfr%n enl' OPELE ‘F\E Q:Se??ﬁf'écg gﬂ%ﬁﬁ}?rﬂ g”ﬂd‘b"]tfcf"’fr% %’Et of
surface tentsruded nthihwughaphd apertnreolyner extruded fromthe

shapedaﬂ¥gture. ThﬁlaroéiuéhSGé é7p82tSQi &eetional view 50 of a bore
detail for the bore and the aperture shown in Fig. 5B.
The partial sectional view 50 is similar to the partial
sectional view shown in Fig. 1B and does not show the
aperture through the bottom of the bore.
20 Fig. 5B shows an aperture 51A in a bore 51B
including long arms 52A and 52C and short arms 52B and
52D. The arms 52A, 52B, 52C and 52D extend away from a
locating point defining 90° angles with one another.
Fig. 5C is a schematic diagram identifying relative
25 dimensions of the aperture 51A of example 3. The long
arms 522, 52C have a length of 150 W and the short arms
52B and 52D have a length of 75 W. 52A, 52B, 52C and
52D all radiate from a common axis 52E. W is the width
of the aperture in each arm perpendicular to the
30  direction in which that arm extends. The width W is
0.067 millimeters (which is 2.6 mils).
Fig. 5D shows a spinnerette'53 having apertures 51A
in the bores 51B for the spinnerette face 54 of
example 3. There are thirteen apretures 51A aligned in
35 three rows in the spinnerette 53.




section 45 of the polyner fiber have an aspect ratio 10 (i.e., height to

width ratio) substantially smaller than the aspect ratio of the
protrusions 24, 27, 28 in the aperture 20 of the spinnerette shown in
Fig. 3A A¥Q88/01909 to the effect of surface tension oanNssmm‘tyrrer
extruded through the aperture 20. 15 Fig. 5A shows a partial
sectional view 50 of a bore detail for the bore and the aperture
shown in Fig. 5B. The parti al SeCtlgﬂﬁ| view 50 is simlar to the -
parti al sectional view shown in Flg 1B and does not show the
aperture through the bottom of the bore. Fig. 5B shows an

aperture 51Ain a bpgg 5¢Bis a h%dé?ﬁg’fs%%n f@%,_sgﬁhaeg,éggcagn? short

arns 52B and The arns 52A D exten rom-a

| ocating p0|ntmﬂgPFﬁFﬁthBPePﬁ]1§§gﬁé§“hqﬂ1%NEF%ﬁﬁﬁﬁﬁFtl°n 60°of a. -Fig. 5C
i s a schemati cpdiggegneinent ofy exampllents.ve THe poliywesi on6ssiskBeisperture

51A of exanpl e_R. e.lon 5 5 ave 150 Wand
the short ar m;68 inIEggggaﬁgeSQBnﬁa gf%f ?‘érf’gt 2&(#1 %\ILéﬁASngg aE®8 and
52D al | r@di at €1Bs ofLR.cofirenaxmss 6325 618, 61 andit 61D formothahnpels
aperture in eaeEA?r %bBerBQE‘:d' Q&&harsztﬂ) Rﬁﬁé{) havk r&?&hﬁél'h&@hﬁh g,?at arm

extends. The wd |neters

Fig. 5D shows 83 §p|ﬁﬁ€PePP9 §§Dhavﬂﬂ$4ﬂﬁ%§ %P' szc'lﬁh9h5290P€§ 51B
for the spi nnesabstahtdially efimilar texam @ﬁbtﬂ'@fr@uér tot Bhefieen

apretures 51A ghigaeq b e3dm thgr%%fﬁﬁgiéékérﬁkﬁﬁ%gggﬁg%agrég'that are'©

98/ 07909
- 50 - 10 each Bygmesriic,aashehmopyinfFig ph@Reograph taken at a
magni fication of 15&; ?ho%angh%w%r %?‘aﬁﬁﬁtd?%f@e Oéeétloﬂal pekymeE hi ber of

exanple 3. The Bolyne Cross-sectio I ncl udes t | ong arnms 61A,
61C, and the sRBFE dPnfos an gpsrigme offhe sRipnerets °§1exéﬁﬁlelé form

channel s shdan &&Bm@ZC,?Band ThiD apéitiirdaie sbBN8RbwNA dt hs 63A,
63B, 63C, and 63D QH%QHQEF oWs Q%é é%gé fgmggg[%ﬁe aperture 71 of a
15 spinnerette of example 4. Fig. 7B also shows the arms

72A, 72B, 72C, and 72D of the aperture 71. For the
' spinnerette used in example 4, the length 73 is about
0.62 inches, the length 74 is about 0.50 inches, the
length 75 is about 0.065 inches, the length 77 is 0.80
20 inches, the length 76 is 0.93 inches, and the length 78
is 0.065 inches. The arms 72A, 72B, 72C, and 72D all
extend from a common axis 72E as shown in Fig. 7C.
Moreover, the arms 72A and 72C are co—linear, the arms
72B and 72D are co—linear, and the arms 72B and 72D are
25 perpendicular to the arms 72A and 72C.

Fig. 7C is a schematic illustrating dimensions of
the aperture 71. Fig. 7C shows the lengths of the arms
72A, 72B, 72C, and 72D as 183W, 196W, 40W, and 80W,
respectively. W represents the width of each of the

30 arms of the aperture 71. The width W is 0.067
millimeters (which is 2.6 mils) in aperture 71.

Fig. 7D shows the spinnerette 80 having a pattern
79 of the bores 70 and the apertures 71 of example 4.
There are eleven apertures 71 and a spinnerette face 80,



substantially simlar to one another due to their formation fromthe
spi nnerette having apertures that are 10 each symmetric, as shown in Fig.

5D. g. 7A shows a partial side sectional viewof a

70 .for an aﬁg@?ﬁke of the spinnerette of exanple 4 SHEWHHPWLﬁPa 7B
The aperture is not shown. Fig. 7B shows the bore 70 and the
aperture 71 of a 15 splnnerette of exanple 4. Fig. 7B also shows the
ar s 72A, 72B, 72C, and 72D of the-&fer+ure 71. For the
spinnerette used in exanple 4, the length 73 is about 0. 62 inches;,
the length 74 is about 0.50 |nches t he | ength 75 i s about 0.065

i nches, the | eA%ththe apertyoresy 71 qqﬁﬂﬂ%#?ﬂ?ﬁe1@h§§ﬁﬁ$6r9%80193thﬁches
and t he | engt hspinnerettes 8@ @RS ficia &he Prerwer® 7¢A 72B; 72C, and 72D

al | extend fr a co n axi s_.72E as sho
Mor eover, the arms %ﬂ'aﬁd%saraep&{? QGRRY © %Vnh% éh%éggraﬁm Yoken gt7ap
are co-linear, naghifiication ©3B 165 o TIODE segeigensii cofaa f£ibébeosr s

72A and 72C. t g; di nensi ons of
the apertire 75 BFa® Fc Toftnel tfhenflé{% et ot te! Lhbud 1‘q72A 72B, 72C,
and 72D as 183WA9rodW-7R0W C'é'tﬂf%(ﬁﬁ"tmn 8} cineludes| polymer prrwensaAy he

wi dth of each eRs,h®) andarm of girhe Wﬂé&f%fﬂs Jﬁﬁ—mﬂtﬁaw.'algt%?
mllimeters (WhICh Iﬁ;ﬂz_ﬁg’ i n a.perture shows

the spinnerett& ely. 7§ﬁﬂ? ??%QTEFe%r?5 gﬁﬁ‘?ﬁ
apertures 71 ofalsx:arﬂﬂfé.n@ channeI&aa-eS@ﬁla/eshmrturm Yéngtn a

spi nneregpe fage [ ! : ; ;
PCT/ US97/24607 tifken the d@gé§¥(§§H§)83A and §3%idgf1ne thea%%aPﬂgl

apertures 71 aMddfh $52y afy the ahannel 84« which ispakserdlivstoatediorm
the pattern 794in Fig. 8. Thel-cHarHEONSy K08 98 0Dy aﬁealeﬁgtﬂgbeeheéﬂken

at a of_ ;158 of a oss section 81 of_a
exanpl e 4 form,}fjh %&Jﬂﬁ %r?earBeﬁ’é "}EP chapngl v dgﬁ e8¢ ¥s
Cr oss-section &heriﬁnghhshzﬂqsan thenﬁiﬁﬁhl tips82BCc &R, 83Dd 8PRe The
pol ymer 3gms 8%@35%%th1%&1 ¥ is thé'féméél‘f‘ §§&eé§s‘9ﬁ8th¥§4ﬂ1 IESS
pol ymer arns 8
83D and 83A. The fiber having the cross—section 81
shown in Fig. 8 is formed by extrusion from aperture of
the spinnerette face 80 shown in Fig. 7D. The deviation
of the angles between the polymer arms 8232-82D for the
20 cross—section 81 from right angles is due to the
extrusion process.

Fig. 9A shows a bore 90 in a partial sectional view
of the spinnerette used in example 5.
Fig. 9B shbws a plan view of the bore 90 énd an

25 aperture 91 of the spinnerette of example 5. The
aperture 91 includes the arms 922, 923, and 92cC.

Lengths 93 and 94 are, respectively, 0.085 inches and
0.238 inches, respectively, for the spinnerette used in
example 5. '

30 ' Fig. 9C is a schematic identifying the relative
dimensions of the aperture 91 of the spinnerette of
example 5. Fig. 9C shows that the arms 92A and 92C
define an angle of 120°, and that the arm 92B defines an
angle of 60° with each of the arms 92A and 92C.

35 Moreover, Fig. 9C shows that the arms 92A and 92C have



al so define channels 84A-84D, as shown. The length 10 bet ween t he di st al
ti ps 83A and 83B define the channel wi dt h 85A of the channel 84,
which is also illustrated in Fig. 8. The channel width 85B is the

| engt h bOM88I909 the distal tips 83B and 83C. The chaRGEUSAT/tH6HT? 85C i s
the length between the distal tips 83C and 83D. The 15 - channel -w dt h™ 85D
is the length between the distal tips 83D and 83A. The fibe+ having
the cross-section 81 shown in Fig_ 85 is formed by extrusion from
aperture of the spinnerette face 80 shomn in Fig. 7D. The devi ation
of the angles between the polynmer arns 82A-82D for the 20 cross-section

81 fromright pgf slﬁnﬂe& aPet 160 tlmeseﬁhéﬂﬁ' amdahgcews and that H 0
9A shows a borg 9 artial sectional vie t Re Spinnerette -

used i n exanpl E1S. arn §28 has &i yengihshBak ésp?gntéméﬁ &FstWEdE@he“bo and
an 25 aper tthe ®idth whﬁnsapéﬁﬁﬁfét gilofisepaophiemdllineters. aperture

91 includes the ar 9 n 2 ngth nd 94 are
respectively, O. 082§f'§ heg gﬁ‘a"’g ghg gpé%e}’ﬁ‘c’kgsgg g’fﬁg ?‘Pvmmpfjﬁ % he -
spi nneret®e uskaving the faganpfeasd 3pcluding twegtyodoresaSdcHama i c

i dentifying thﬁaﬁeéi‘h' .3 three ﬁbﬁE”S' fHe Ei:eh{’-l aaa&.—ftms%lof ﬂd%gx
spi nnerette of 9C shows t the_arnms 92A an 92C

define an angl Eigf ?EOFEPrfllgﬁGdtﬁ&ttpﬁéeaFﬂV§25uGBftﬁ€§'&Pca ing angle of

60[err] wth epolintk f£be thesapertapdsoifi edbh rbdar defdne & Qi shows

that the arnms 92A a 2C haye 98,079
PCT/ US97/ 14607 ggg gﬁ §4£%a photocg5§ g@ Z Bgogggraph takeq@ngtarls

whi ch ar20100 mpgpifinstioni dfhdi63\wfandpoAymer crossheegthcIPA ek a
| ength that ispd@yhelegibks %éhEaV\from theTagl%@s:aee@ D PRI Sirdl 1S

0.064 mllineters. ows t spi,nnerette 95 used in
exanple 5 5 FifSvi A3—PRe f?@@ gBIXH&r|ﬁ€P§&rﬁ§ B 0% Anelnsies, 5

pattern of thraemsowsia,TheiByeahd apectur Phedarngowoln) 101B, Ai@cOD are
aligned in thrﬁgv Owisigiht&ggtlbgﬁatiBgB, and 102C, respectively.

15 Arms 101A and 101B define channel 103 and arms 101B and
101C define channel 104. The length between distal tip
102A and 102B defines the channel width 103A. The
length between the distal tip 102B and 102C defines the
channel width 104A.

20 ~ Fig. 11A is a partial sectional view showing the
bore 110 for an aperture of the spinnerette 118 used in
example 6. ' .. _

Fig. 11B shows an aperture 111 in the bore 110 and
having the arms 112A, 112B, and 112C. Fig. 11B also

25 shows the lengths 113, 114, 115, and 116, which are
about 0.28 inches, 0.28 inches, 0.20 inches, and 0.34
inches, respectively, for the spinnerette 118 used in

. exXample 6.
Fig. 11C is a schematic showing the dlmension of

30 aperture 111 of the spinnerette 118 used in example 6.
Fig. 11C shows that the arms 1122, 112B, 112C all
radiate from a common axis 112D and radiate at angles
spaced by 120° from one another. Fig. 11C also shows
that the arms 112A, 112B, and 112C have lengths that are



points for the apertures in each row define a |line. Fig. 10 is a
phot ocopy of a photograph taken at a 10 magni fication of 163 of a pol yner

Cross- sectlon 100 of a pol ymer fiber formed fromthe rette 95
shewn in 98’”’5? s. 9A-9D. The pol ymer: cross-section 100 |P%’3J(l&3§ 4607

arnms 101A, 101B, and 101C. The arnms 101A, 101B, 101C, have di st al
tips 102A, 102B, and 102C, respectively. 15 Arns 101A and 101B defi ne
channel 103 and arns 101B and 101C define channel 104. The | ength
between distal tip 102A and 102B defines the channel width 103A. The
| engt h between the distal tip 102B and 102C defines the channel w dth

104A. 20 150F't9.me§1€hbirawﬁarth' aly.seqreOnalat s Shayi ey t he
bore 110 for igerture of, the s i nnerette 118 used in exanpl e 6.

Fig. 11B showsmét ipeterse im apexture ddde 110 and havi ng t he ‘ar ms
112A, 112B, and 112@igki giplsBowssa %@inneﬁuﬂﬂetﬂrs|u§EnfEmJé£hmﬁlé 6115,

29410 Y ChuBbing. sue BB U35 s UR sbhul S Qufleagehes. and

exanpl e 65 apertureFpgtters 1d7a s@her@partmeas rigly hin diherpatbenn 30

aperture 111 Oﬁlbhﬁrﬁo'aﬁ'l%@dt @.nlar‘é"ée(;:dvfb BAP thdt center HIinedC shows
that the arns 112A 112B, "112 adi ate froma comon axis 112D

and radi ate at gﬁ'gpggrtures é-ﬁ'a@@d’ f%ﬁeeﬁ“’r’]e & e another. Fig. 11C

al so shows t hgtig.ha2aiss al phdtobbdy oha Phktduwaph cagtds that are
WO 98/ 07909

s FRGTISHGRtRR P AT FPOrRF B RIINTL T o7 action
mllinmetdPs inl@Pectfuee fiber of example [ (formeRi uming sthei spinnerettes

used in exanpl g1 showrl”'a}.‘ﬂ M gde a9 pl10 @ 4 ré%@é—ééétiant he 5
aperture pattern 117. apertures 111 in the "pat

aligned in thrde% &W%ﬁ the g d21fy r?t%lB' an f’cﬁlﬁpe‘f"f‘ﬁ?gsaili each
row define a | ra@iate from a central point. The arms 121A, 121B, and

121C have distal tips 122a, 122B, and 122C,

15 ' respectively. The arms 121A and 121B define channel
123. The arms 121B and 121C define the channel 124.
Arms 121C and 121A define the channel 125. The length
between the distal tips 122A and 122B defines the
channel width 123A of channel 123. The 1éngth between

20 the distal tips 122B and 122C defines the channel width
124B of the channel 124. The length between the distal
tips 122C and 122A defines the channel width 1253 of the
channel 125. Channel 123 is defined by arms that define
an angle of less than 120°. The channel 124 is also

25 defined by arms that define an angle of less than 120°.
The channel 125 is defined by arms that is define an
angle of greater than 120°.

Fig. 13A is a partial sectional view showing a bore
130 of the spinnerette 137 used in example 7.

30 Fig. 13B shows the bore 130 and an aperture 131 of
the spinnerette 137 used in example 7 having arms 1323,
132B, 132C, and 132D. Lengths 133, 134, and 135 are
0.302, 0.39, and 0.60 inches (7.7, 9.9, and 15 mm),
respectively, for the spinnerette 137 used in examplé 7.




Fig. 12 is a photocopy of a photograph at a magni fi cati on of about 190

of a polyner cross-section 10 120 of a fiber of exanple 6 fornmed using

t he spinnerette 118 shown in Figs. 11A-11D. The pol ymer cross-section
120 i ncl uO¥@ 9BABWOAr ns 121A, 121B, and 121C, which all PCHUSE607r OM a
central point. The arns 121A, 121B, and 121C have distal tips 122A;
122B, and 122C, 15 respectively. The arns 121A and 121B defi ne_ channel .
123. The arns 121B and 121C define the channel 124. Arms 121C and
121A define the channel 125. The length = 34 —petween the distal tips 122A
and 122B defines the channel width 123A of channel 123. The Iength'

bet ween 20 t he di I s:12 hannel wi dt

124B of the channel. E%é #%E %nét éggyéégg gﬁgbggéi%g% 1men§- s and
122A defi nes t haPeREREE| 131 dpf exampde 7he Fig. 16ﬁ3ash9M51:hatCMxmdrniEZ3
i s defined by alﬂlAtQﬁB fisbBNRave lenéﬁhénﬂhﬁtOBrEEE%StQﬁﬂe%sz The

channel 124 is a dgf eg Qﬁ arns that define an ang Iess than -
120[err]. ’fﬁgh h¥nndhd 582 ef RRBE By25r ARt A3eD §aéféf MP@@S

angl e of gPeatethabaaré?ffetihes their widthi, gw.l134n additdon,alFigactizmal
vi ew showi ng a o] e | e 7_US hn e L 7. 30
Fig. 13B shows ?ﬁ ﬁoreaﬁ3ééﬁs igéﬁaaggtgggh g%%lﬁg a %%FHS §§aﬁﬁ%rette
137 used i n exakpFWeennhthemg aThe !séﬁh W in apgrBure313l 4sd 02383 Lengt hs
133, 134, and IgP1difieters. OA3f3 19239  1898,0189C aphessth 319. %ad%@i:ew

nm , resp ctlvel for the s |nnerette '137"used in exanpl e

- 54 - 1% f Fig. 130 shoassahspﬁhherehewi apeirttrd pattierds 1¥e6 1308
aperture 131 o 7 | o] t hat

have | engt hs thaﬁég{r]gkﬁ&tfﬁ Qge%ggrag 31 E&n 5%’ S&f'ni‘ﬁaettﬁgt ﬁ%@ a&g)se
132C and 132D haperturgshi3y in thatsnnangsett#ei3ﬂhereVnhﬂgmedwsolthat
addition, Fig. 8¢ of theShpepthbat 2575hadé thRdshieBoidlntatdddHsE Of

7oferr] form two rows of three apertures and one row of four

15 apertures.

Fig. 14 is a photocopy of a photograph at a
magnification of about 130 of a polymer cross—section
140. The polymer cross—section 140 includes the arms .
1417, 141B, 141C, and 141D. The arms 141A, 141B, 141C,

20 and 141D have distal tipé 1427, 142B, 142C, and 142D,
respectively. The arms 141A and 141B are much longer
than the arms 141C and 141D. _

The arms 141A and 141B define a channel 143. The
arms 141B and 141C define a channel 144. The arms 141C

25 and 141D define a channel 145. The arms 141D and 1412
define a channel 146. The width 1432 of the channel 143
is defined by the length between the distal tips 142a
and 142B. The width 144A of the channel 144 is defined
by the length between the distal tips 142B and 142cC.

30 The width 145A of channel 145 is defined as the length
between the distal tips 142C and 142D. The width 146aA
of the channel 146 is defined as the length between the
distal tips 142D and 142A.

Fig. 15A is a partial sectional view of the

35 spinnerette 158 used in example 8 showing the bore 150.



between them The width Win aperture 131 is 0.084 mllinmeters. Arns
132A, 132B, 132C and 132D all radiate froma common axis 132E. 10
Fig. 13D ﬁi}@\é@?a spinnerette aperture pattern 136 i ncl udi ng ten
apefrtures 1% he spinnerette 137. The apertures 1BGTAURIHI4E07.

spi nnerette 137 are aligned so that all of the apertures 131 -have the
sane orientation and formtwo rows of three apertures and one row of
four 15 apertures. Fig. 14~i85a-photocopy of .a photograph at
a magni fi cati on of about 130 of a polynmer cross-section 140.
The pol yner cross-secfion 140, i ncludes the arns 141A, 141B, 141C, and
141D. The arms 141A Fi94p58 4k a plan yhew 19howingean spertures 15424An

I1423, 142C, anctHel Bdre 150 aménﬁw ifﬁllﬂhewﬁmgrﬂszié%hﬁs@ﬁg Lﬁ!liff rz‘i:.gU(llzllB
onger t t [.TB ) e armg an
define a channelii{;hlzge%%‘i%s fsdgl' g‘%ﬁ'ﬁ i‘l‘i)Blﬁ’ﬁdaEﬂlﬁbB'éFi fe58 dRshesir 144.
The arns 141C X539 inmchds,] Rn{0 87 aintchesp| rédpectThely; nEotdtheand 141A

defi ey i 4 14 is defined b
tﬁeI Ingngt (hwgg? \E/\ﬂ;epen th%gﬁﬁsﬁmaﬁ%i%%%%&\eéeg feé%%ﬂzhﬁ e’fﬁlélpv]\'/:efigﬁelldfz,i ofy

the channel 144 is de¥9netPC is agchematieidentifgdingt thedredativeps 1428
and 142C. 30 diblengichid dft hofapdrtuies i19P if €RE 88dnAcrbhee 486D

bet ween t he di tips . 142C a 1 . T w dth 146 of the channel
146 is defi ned%a%? hie'g)l%’ﬁ%’??ﬁ%ymﬁhefgc Sh°H?sFB$ttFB§ 1gngth, @142
Fig. 15A is a &he iarmsbs2A disl100 cvimds t s 3@idthspWwpnthet Llenyth oFed in

exanpl e §gshow t : : / _ '
ol SR A tHe ¥ P55B 100 160 timed G O8 191891?55% and that the 9. 158

is a plan vi ewXSNAFH PR the AW A52C 13§ 100 timeseiberwidth,ald han ng t he

ar me -152ﬁ’ 152Baditlidib,Fig. 15C Howsnehde dié. atnd. 1988 dna 35gcabout
. I nNches,

ot euren®si ety bt A K T b BRSPS 5,
a schematic iddhtis 0084 mikkimaters in the aperture 151. Arms 152a,
15 152B and 152C all radiate from a common axis 152D.

Fig. 15D is a plan view showing the spinnerette 158
having the spinnerette aperture pattern 157 having ten
apertures 151. All of the apertures 151 in the
spinnerette aperture pattern 157 are oriented in the

20 same direction. ,

Fig. 16 is a photocopy of a photograph taken at a
magnification of about 230 of a polymer cross—section
160 of a fiber of example 8 formed using the spinnerette
shown in Figs. 15A-15D. The polymer cross—section 160

25. includes the arms 161A, 161B, and 161C. The arms 1613, .
161B, and 161C each have distal tips 162A, 162B, and
162C. The arms 161A and 161B define the channel 163.
The arms 161B and 161C define the channel 164. The arms
161C and 161A define the channel 165. The width 163A of

30 the channel 163 is defined by the length between the
distal tips 162A and 162B. The width 164A of the
channel 164 is defined by the length between the distal
tips 162B and 162C. The width 165A of the channel 165

is defined by the length between the distal tips 162C
35 and 162A.



di nrensions of the aperture 151 in the spinnerette 158 used in exanple
8. Fig. 15C shows that the | ength of the arm 152A is 100 tines its
wi.dth, W the length of 10 the arm 152B is 160 tinmes its width, W and
-t hat thewogs,o-,gﬁgngth of the arm152C is 100 tines its W dpBSrm¥¥é7i4ee7
addition, Fig. 15C shows that the arms 152A and 152C eac orm._an.
angle of 80 with the arm 152B. The wi dth Wis 0.084 n1II|nEters I n
the aperture 151. Arnms 152A, 15 152B agg 152C al | radiate froma comon
axi s 152D. Fig. 15D is a plan Vrew showi ng the spinnerette 158
having the spinnerette aperture pattern 157 having ten apertures 151.

Al'l of the aperturefi&5117ﬂ jhe, Partlﬁﬂ'BQEEQE&S&aQEEb“B& Rl €rn 157 are

oriented in the 20 same direc photocopy of
a phot ograph t3R¥fngregte 181 Hﬁ@ﬁl#PCSFPEH1§f9a§BGW1?SOt9F ?ﬂﬁﬁ)ﬁﬁg
Cross-section The dikéfs@énaifibge of osvaipched hBETBRRVE NFZ H o 010 .

spi nnerette sho S5A- 15D. Th PSS sectl 0: 25;
i ncl udes the afﬂ%hfgl%e ingkgﬁnﬁﬁf6§E4nnfﬁ %ggné%ggfﬁed éﬁd
161C eachShave di stBigti pZB1E8Aa HBEB, view of theldete WI® amds ar61A and
161B define th I 3 6 a

channel 164. Tﬁpé@éﬁ?& 133 of EEE s§§§g§£€§ %l%gltﬁg ?ﬁanne 162:ﬁ he MAdth
163A of 30 £ EeEﬁaﬁﬁer?cnslﬁs%ef Thedappringe digt &k HPneaL70

distal tips l6défiandslaZBurvéa wedtiohb64240tndhehe proteawingls W) s

oath ook of ThE"ThAaREE"SER, | 2977 AR, pre. ark 0 O S O
distal t1Pps 16inoches, andd0i62Ainches, respestively, for the apertures

PCT/ US97/ 14607g¢ the spinnerette 181. - 56 - Fig. 17A
Is a parti al sectlonanvPewe t he splnnerette 181 used in exanple 9

showi ng the bore 178i9- 17cTﬁ§°HFn§ﬁ§Foﬁ £7 ¥adiug @fo theciganter deidre 172
is 0.010. cup¢Bas sabt4bheof] ther apestupiengmetilse abbutiaaB itimesenpl e 9.

5 Fig. t1117B I%t% W 8t %heewc%];:'\}e es%%rte:\ioy%fa Q:qxe aperture. _'Fig. :
15 17C shows that the distance from the center point
defined by the curved section 173 to the distal tips 179
of the protrusions 175 is about 143 times the width W of -
the curved section 174 of the aperture 173. 1In
addition, Fig. 17C also shows that the protrusions 179
20 are spaced at 5° intervals from one another. The width
W is 0.067 millimeters in the aperture 173.
Fig. 17D is a plan view showing the spinnerette 181
used in example 9 and the spinnerette aperture pattern
180. There are twelve bores 170 and apertures 173 in
25 the aperture pattern 180. The twelve apertures are
aligned along three rows. The center row is defined by
six aligned apertures. The outer two rows are defined
by three aligned apertures.
Fig. 18 is a photocopy of a photograph at a
30 magnification of about 87 of polymer cross—sections
including the polymer cross—section 185 formed using the
spinnerette shown in Figs. 172—17D. The polymer
cross—section 185 does not have a planar wall. However,
the polymer section 185 has a center section 186 with a
35 first curvature, side sections 187 and 188 having a



aperture 173 of the spinnerette 181 used to meke the fi bers of exanple

9. The aperture 173 in the bore 170 defines a curved section 174 and
the protrusions 175. The lengths 176, 177, 178, are qp 0.0aﬁ

i nches, OV@%M  inches, and 0.64 inches, respectively, T7f1do07
apertures : of the spinnerette 181. Fig. 17C shows t hat t he
radius at the center of the; curvedsgectlon of the aperture~l73 is
about 138 tines the width Wof the Curved section of the aperture.
Fig. 15 17C shows that the distance fromthe center point def irned
by the curved g8gbhlNchivatlrkendtstdl griddtel’than tndleiiig prot rusions
175 is about 143 tines the wdth W curved secfion 174 of the

aperture 173. pHrvatureadeppl QI’rStPllgthfcléPs@"’é’n&ﬁso't hdieancthe dﬁ%%?%ns
179 20 are t}ipeedsat aiheue]o a&bewﬁddwmmaﬁlmdmrthe% ﬂtb

Wis 0.067 ml ertur 17D 1 l.an
vi ew show ng t ITE’ E‘ell‘g’tt%%fg% tth ‘?ln&xg d Iﬁfe%??rﬂl %&e E g
spi nner et Be apéPﬂ-uﬁadpé-Bﬂempose thegdnnghe saxfiace vnéﬁ/-e Bth%sirlﬂ@rand o
apertures 173 ghrface 489 3BCrelat RRnCshobiS c&gﬁaﬂwlw @pgrtures are

al i gned al ong thre Jows. The center rOow s defin si x al i gned
apertures. The¥ vely rongh,ontex swface 19Qn/t?ﬂ%H¥QH9EFE§F @PErtures.

Fig. 18 is a pkheocenntivedyprouety aﬁi-ﬂtceam 157&111& ftsghonprésehedt 87

o POV o8 S8R kesond 19 lf BeOGEL, SE5GSEERL P05 100
cross-sed®i on gssrwﬁesmnGEOMa¢QEaqminngrQM§e 1&inﬂnnang the spimngpogyner

section 185 ha B h i o * e
sections 187 a%galtgl?rﬁg\ﬂe%gafl %ﬁ@qé\/xg 98 Ol%o%ugﬁ i Sl FaLesC1of

PCT/ US97/ 146073@nd 192 oppose the inner surface 19% in the fikexr qf
curvature that examgpleats rﬂiaemdmibs‘wﬁn is notimedegsarynd Thatais}i ps

e T
surf aces15 oriented so that the surfaces 191 and 192 near the
distal tips 189 and 190 of the polymer cross—section do
not oppose other portions of the cross—section. The
polymer cross—section 185 has a shape that looks like
the letter "C". The surface 191 is continuous with the
20 inner surface 193, and the inner surface 193 is .
continuous with the surface 192; The surfaces 191, 192,
and 193 define the channel 195. The channel width 195A
of the channel 195 is defined as the distance between
the distal tips 189 and 190 of the polymer cross—section
25 185. .

Fig. 192 shows the generalizéd version for the
polymer cross—section 200 of a fiber of prophetic
example 10. Fig. 19A includes the first arm inner
section 201, the first arm outer section 202, the second

30 arm inner section 203, and the second arm outer section

' 204. The length of the first arm inner section is shown
as L,, the length of the first arm outer section shown
as 1;, the length of the second arm inner section is
shown as L,, and the length of the second arm outer

35 section is shown as L,. Fig. 19A also shows that the



5 191 and 192 oppose the inner surface 193. The inner surface 193
Is relatively snboth conpared to the rel atively rough outer surface
.194. The roughness of the relatively rough surface 194 is due to the

presence woog/fogd he protrusions 175 in the aperture 173 d d‘l'??s
extrusion fromthe spinnerette 181 during the spinning * *ﬁsﬁogll ber

of exanple 9. Although the surfaces 191 and 192 oppose the |nner
surface 193 in the fiber of exanpl e gs t hat opposition is not _
necessary. That is, the outer ends of-the pol yner cross-section 185
may be 15 oriented so that the surfaces 191 and 192 near the

distal tips 18%pdeh 18P ﬁcﬁ@f%é%%&éﬁléﬁgt 'r'LQanOthat hQO%Pgﬂ ose

ot.her portions ‘?f f he_cross-section Cross-sec
has a shape t hafefiR%d ¥y fkhe -"-nne?h%r!‘e??@!ﬁm@s 2%@ 308f Asef391that -

conti nuous wththécafle defdwsd Sy fere ﬁﬂﬁstaﬂﬂnébeatﬁngécggbj,agg%l%gd s

conti nuous Wt c The su face 9 .
define the cha%ﬂe%]ei%g&f@h]gn%% "h 3923\% is 07 1 0f aPﬂeﬂ(‘,ﬂ'&nFEF 195 is
defined as®t he apglerdef ireddon the secmadmnar amsséeﬁmndzm%aﬁﬁ the

pol ymer cross- sagé i 9&caha ou'ééé arm section ggg %90 SI e, p?ggﬁ;?: LZEd

version for the gé% Cross-section _
exanpl e 10. Fi Feqeien es2P%e ???sta’a?n?Pﬁn@Pflne th?eéhﬁbneQOZOSt-he
first arm out erThecridth 262, théeclennell 305 ataitsi A6Athsest 1aBneY¢ieand
t he second arm put 204. The length of the first arminner
section is shown Hi#g> eﬁAo% }t{he | ength of the first armouter section
shown 10 55 L[errFig¢ OB chgtanotheheschenatiar ofi anpolymeri cross—

T NT 010 0 X L 4 i

each of the arrsiownifors tise Wrodeiseéteiongtes in neef hoad by the inner

rmsect one 200 2ugs {8 dnopd S ghan wiF S5, doLHERe Dkt Bl

and that ¥he SPinnerette than can be used to make the polymer cross—
sections 200 and 200aA. :

Preferably, for prophetic example 1o, 4,, 02, and
0; are between 110° and 140°. Preferably, IQ/W is

_ greater than or equal to 5. -Preferably LW is greater'

20 than or equal to 5. Preferably L,/W is less than or
equal to 10. Preferably L, W is less than or equal to
10. Preferably the bulk factor of the polymer fiber
having the cross-section 200 is greater than or equal to
4. Preferably the width W of the polymer cross—section

25 200 is greater than or equal to 3 microns and is less
than or equal to 15 microns. Preferably, the adhesion
tension of distilled water on the surface of the polymer
fiber having the cross—section 200 of prophetic example
10 is greater than 25 dynes per centimeter with

30 distilled water. _

More preferably, the angles #,, 9, and 03 are all
about 120°. More preferably, X, is greater than or
equal to 250 microns, and even more preferably greater
than 300 microns. More preferably, L, equals L3 and L,

35 equals L,.




5 angl e defined by the second i nner arm section 203 and t he second
outer armsection 204 is [err]. The arm sections 201, 202, 203, and
204 define the channel 205. The width of the channel_205 at its nouth
i s i dent VYO 8807909 in Fig. 19A as Xerr]. 10 Fi g. PAYESI7446¢701 her
schematic of a pol ymer cross- section 200A of a fiber of prophétic
exanpl e 10 havi ng different values for the paraneters than the

par anmet ers shown for the cross-seeti&n-205 in Fig. 19A

Fig. 19C shows a plan view of an aperture 206 of a 15 spi nnerette than
can be used to nake the p Cross- sectiqns 200 and 200A.
Preferably, for profR a@i&'rrploa apd far pre pachy legfgthan they ] are

bet ween 110[erq}4amr.d. Q’Efellls]oc mirRise lond half esf]d |srhis greater than

Pr of arabl y L[ FPLPR %ﬁaﬁ%& Yidps e Sl e %wﬁﬁe%iﬂfé‘r"aisﬁr]/w

is less than oltovqu'dls one ancth:m: sl dihalt \Ehenomdutlk dficthe clianhel

pol ymer fgber s,?,y I%)Pn r or equal
to 2 Pr g??r llﬁﬂly the w dth W Q Q,}idl_n rreréi?%s??%géﬁé%%n% 200
is greater thaf® 19&\.! Thats narzQwing A |Eh¢ deQuth of the chanpeda to 15

nlc;ons freLeﬁ&HibltEth@ﬂstﬁaﬁioﬁ1of ddﬁf?éﬁt(ﬁlﬁbﬁéiiheﬂhﬁdhethﬁn t he
surface of the er_.havi t he .crpss-sgctio

prophetic exanﬁ?’%&@lbefo Gap 55 ﬁé% y:ﬁ% S alae n@?@%h\/\??h 30
distilled wat ekthe channel 20%re preferably, the angl es [err], [err] and
[err] arggall %ﬁﬁ%gv 0 [ r er than
or g'gqual to m cre})%f [éééc{]ﬂd oef\\//te‘{ll?enﬁlgd‘l eéé?%ra %< féi] 2629 2855

300 microns. p?r%r é‘}aé?bliynclﬂ{dé rqr@'fﬁ}bﬁ%mﬁf ehﬁ"fl%da LYb@F‘]‘ QS al"°11"'e'rua| s

L[err]. wWarkB/) 1¥Hyth of protrusion extenda.ng no more than 3W.
PCT/ US97/ 14607

Pref erably, [e”rojr OrY(fﬁ’ertﬂe ﬁaéme c?‘F 1T 4 cfﬁ'é?nsfbr?él be %ta'ﬁ?rfyoﬁ 180

m nus one hal f apd [0, . Mireover, thelmtmlslbepwpenvlpde%ndhbl ahanldr ns
202 and 3@4 an@eLGetween 0.5 and 2.0.

The foregoing relationships between the angles 0,,
6,, and #; the lengths L, L,, L, and L,, and the width
‘W, and the absolute values for the lengths and widths
identified above are believed to provide fibers having

20 novel large values for the maximum potential flux for
bundles of fibers.

Fig. 20 is a schematlc showing the dimensions of
the polymer cross—section 210 of another prophetic
example having the generalized version of the cross—

25 section 60 shown in Fig. 6 for the fiber of example 3.
The polymer cross—section 210 includes the arms 2114,
211B, 211C, and 211D. The arms 211A, 211B, 211C, and
211D, have the distal tips 212A, 212B, 212C, and 212D.
The arms 2112, 211B, 211C, 2111D define the channels

30 2132, 213B, 213C, and 213D. The length of the arms
211a, 211B, 211C, and 211D are illustrated in Fig. 20 as
L,, L,, 1L, and L3 respectively. The channel width,
which is defined as the width between the distal tips of
the walls defining the channel are illustrated in Fig.

35 20 as X, for the channel 213A, X, for the channel 213B,



t owar ds one anot her such that the nouth of the channel 5 205 i s narrower

than the wi de point of the cross- section. That narrowi ng at the.
-nmout h of the channel inhibits registration of adjacent fibers in

whi ch t hwo 9so7900i nt er -fi ber capillaries are nuch | ess t hamcriusoveqsonh of

t he channel 205. 10 Mor eover, each of the arm sections 201, 202,
203, and 204 may include protrusions having a width of about . W
and a length of protrusion extending na. rgy et han 3W Mor eover, the
ratio of L[err] to L[err] should be between 0.5 and 2.0. Moreover,
the ratio between L[err] and L[err] should 15 be between 0.5 and 2.0.

The foregoi ngXzelfatri thehichanhelvwasd,hamh®eforethle channel e2x3p. and.

eur} Lhe | o sl i, W o bstagithhatb D (g

above are bel iGafddeds af i de fi bers havi ng 20 novel |arge values for
the maxi mum potent Ip&lefféfam r for thé)t&i%@é-ﬁcﬁmr@m, ‘the ang 1eEi 9- 20

is a sch mah:D g ? i'mensj ons of - ; B o 0sSosect i on
210 of arfot he phefBe 4 are 3Ll RPRPRA¥iMatet¥ §00er a?F?gﬁrM'on of
the cross- 25 allmmmnqi&§hmm between 7T0{ @nd E16? berpoéfexabhire 3.

210 Thear R AR R Y YR D816 Wi i GeRee G, 30

212B, 212C ardan fhfor L,, The Inssandily,.21Ppeferably?]atDleast onee
channel s 30 of21t£ia% radibs aﬁe’&eém@lﬂ?é%ngﬂik@ ﬂ.erﬁﬁdl B ﬁ&lfs\:ﬁé nsFldth

211A, 2 d 211D | | ustr at
L[err], J:'L]ttBerr] an %L’tqs; e q‘%‘i‘ V\P‘gf]ﬁ factor! an ch i s

defined as thd:m cﬁibézet}mamg Hfheilpadrymér par@és—-sectlcbhezmi is defini ng
t he channel ar

213A, Xlerr] for t‘Jhe cha11$ iﬁglFE@'eﬁérabhs%@%ﬁ%@ &O{stageggggnel

PCT/ US97/ 14607xhan 3 microns and less than or equaloto 15 micremsfor the
channel 213C, I&F&éi?aﬁ% Ot‘l’,‘lﬁé Fieei orf ldhsion wihi® #4eED1ibgowakeyt ohhe

ol ymer 0SS ectlon -
poly 18 he surface of$ the fiber having the cross-section 210 is

greater than 25 dynes per centimeter. Preferably, the

channel width x; is greater than 250 microns, and more

preferably greater than about 300 microns. Preferably,

the lengths L, equals the length L; and the length L,
20 equals the length L,. :

Preferably, qu the cross—section 210, the angles
0, and §, are less than the quantity defined by 180°
minus one half of the angle #,. This relationship'
between #, and 8, inhibits registration, thereby

25 preventing capillaries that are too narrow.

In addition, each of the arms 211A, 211B, 211C, and
211D may have one or more protrusions there along in
which each of the protrusions has a width of
approximately W and is no more than about 3W long. In

30 addition, the ratio of the length L, to the length L,
and the ratio of the length L, to the length L, should
be between about 0.5 and about 2.0.
Fig. 21A shows the generalized version of the
fiber cross—section 220 of prophetic example 11. Cross—
35  section 220 includes the arms 221A, 221B, 221C, and




defined as W Preferably, for the cross-section 210, the angles
5 [err] are all approximately 90. Preferably, all four angles are

between 70[err] and 110[err]. Preferably, the ratios | epgths L
tqQq the w PP’?RL greater than 5 for L[err], L[err], P%@%{“@ﬂd
L[err]. Preferably, at . least one of the ratios between the |engths
L[err] and L[err] to the width 10 Wis greater than 10. Preferably, the
bul k factor of the fiber having tte6dokyner cross-section 210°is
greater than 4.0. Preferably, the width Wis greater than 3 mcrons

and |l ess than gor_equal .to 15 microns Preferably, the_adhesian
tension with d?é}?'{ | 2RA,BRER 84215 The; hass§; 222y fa?et??é‘“f?%%' h8Pen§hene
Cross-secti on &hh 221B deflgéeaher chianneldb 2@mes T mélzzzerthe arm

Preferably, t h e ro and
nor e pref erabl?/ngrggg anqgﬁh%t{%%r%gn%né’faﬁzgabl ?18 2ia t he
| engt hs L2 equhlbuﬁhnateﬁgtheLQeamw thegthnsg 2223 @9 Lg, capdl thehe
length L[grr]. len h of thE' 8FpLablYa, f‘érzltd”'e 221 @5Sa@Ce 2 9P, 2&9 Lt he

angl es ?t rrreé are | ess than.the gﬁantltuy defi ned

m nus one half b‘f It':h'e ﬁ%’??‘f“fﬁ?‘%'re?é?roﬁ str ﬁ/\@'ﬂg[err] and
[err] inhibi tsanggestbetwean ther dage’?222 drrde\ﬂﬂﬁ mgn:apzturl eg2aBat are
t oo narrow. I @n, ach 1 11C, and
211D may have 22LCh, 2ng, gzgﬁ %%u?ﬁdn 1t’h gﬁbnéégﬁega‘%l% I%H‘dgach of

t he protrusi ondefiines ®hetwidth of tl’@p@éd)ﬁﬂr@%l‘? Wand is no nore than
about 3Wong. In 3ﬁrefeﬁ'ﬁﬂh&' O%et hgad @ edlzg'ﬁ engl n ake éé’!f‘e:} ength .

L3 and the rati o of nath L4 to th err ouI

d
be between abotP2B. BraﬁS“éBoGP f and less than © ‘Q‘E °s|’r3\5?/s -t he
general i zed vePseperablyhethe ratfudseroﬂ:rm mﬁtm 8£0ea&hpbﬁp|thhl c

exanpl e 11. 03?3}3091'1’ ect 132 tjshﬁllé'dfén&ﬁ g%r@h@%selzaé}ﬂBBS%MC,

and 7/ 14607
- 61 - 1§§§DFhand°Ea§a\1322.tﬁl'We%asePJZQQe,rthYarﬁhEZIA',tiQn@ft the

arm 221By gef i ngeh§enshatneack2ds the kasa <23, g, ,am), L, to the

width W is greater than or equal to 5. Preferably, the
length of the base Lg to the width W is equal to or
greater than 10. ?referably, the width W is less than
or equal to 15 microns, more preferably less than 10

20 microns, and still more preferably less than 5 microns,
but wide enough to provide sufficient stiffness to the
fibers’ cross—sections so that the fibers’ cross—
sections do not substantially deform and collapse the
capillaries due to the capillary forces pressing the

25 fibers together. However, the thinnest structures which
can be made using state of the art spinnerette
technology and state of the art extrusion processes have
shown no evidence of any suchlcollapse under capillary
forces. The thinnest structures that can be fabricated

30 have widths W of about 3 microns. The thinner the width
W the less polymer material is needed to provide the
distribution function. The relationship of polymer
material is represented in the MPF, through the MPFy’s
dependence upon the specific volume.



221C, and the arm 221D defi ne the channel 224. Fig. 21A illustrates

the length of the base 222 as L[err], and the 5 | ength of the arnms 221A,
221B, 221C, and 221D, as L[err], L[err], L[err, L[err], respectively.
Fig. 21AWO %a0790%t es t he angl es between the base 22PGHUSI4607al | s
2Z1A , 221B, 221C, and 221D as [err], [err], [err]espectively, -and
defines the width of the fiber as W 10 Preferably, the argles
[err] are greater than or equal to éP[err] and |l ess than or equal to
120. Preferably, the ratios of the |lengths of each of the

wal l's, L[err], L[err], L[err], L[err] to the length of the base L[err] is.
| ess than or equal Ruefiexablipr dihe adesion tanssonf ofhthessurfeergolfs of

each of the wales f:.lr[é‘z‘ rdmt[&rgdnt% rxratet-[ﬁykqaalt b.e or, greWtdih Wis
greater than %\Mequa . Preferably, th of the ase :

L[err] to the SVAReK((FR- t o or greater than 10. Preferabtyr. he
width Wis |ess thatore premaamaj botH Sofii thenshannedspr eiatael x,! ess

h 10 20 I 5
D 2 80 g 20 Bl W B B Sk 53 hoRomia] g
Cross-secti on@onse tpmfamity are'equaltsto or gresterotbano306t
subst anti al | y piefyyra andy é‘lc%l e é?l%erglt CEP] | I]Lar |I§J4|s_bﬁtge 4ot he
e

capillary forces pressin 0 wever, the thinnest

structures whid@proxima RAWRHe (BYefetabt oPaFHe°§th§pFﬁﬁéP§tte |
t echnol ogy and,sAI3t endf Uahe. aakrecetinali €6 WMn 0.5 @iwn no .

evi denc f any p. i1 l,anest
struct u(rigg thrit s(%;ﬁé}})e f%‘%r‘rg%l#fegf 0) 2. €£¥RA 8Fh§ %%b%%?%%%t ?:’pons.
The thinner tMa¥rhave protrwgicn ¢f§s‘8Pp‘b¢'y3rBr lpngeri ANy sugbeded to

provide the protéisidh bértiéﬁ’cj‘ M‘Eﬁtéaéh JPﬁ BE' %ialeOﬁ%E ghoRdlay mer
material is re resented |n th %*éerr hr pugh MPH[ err

S
dependence up abbi it q5¢ a OW w19e)95p57g§9para lel lines
PCT/ US97/ 14603e11mit1ng the arm of the fiber, as- shdwn in Fig. 25.

Preferahly, the ad nsL o r e fiber wth
distillggymater Isng rbiﬁ %% Qr%éPéﬁgtfg Lig% 9 ew of thg S&J%% of &
spinnerette aperture 225 the use of which will result in
a fiber having the cross-section 226.
Fig. 21C shows the fiber cross-section 226 of the

prophetic example 11. The curvature of the outer arms

20 227A, 227B, 227C, and 227D away from the base 228
results from the surface tensions during the extrusion
process.

Fig. 21D is a schematic plan view showing the shape

of a spinnerette aperture 229 the use of which will
25 result in a fiber having the cross—section 220 shown in
Fig. 212 with the & angles all being 90°.-

Fig. 21E is a schematic plan view showing the shape
of the spinherette aperture 230 the use of which will
result in a fiber having the cross—section 220 shown in

30 Fig. 21A with the # angles all being 90°.

Fig. 21F is a schematic plan view showing the shape
of the spinnerette aperture 231 the use of which will
result in a fiber having the cross-section 220 shown in
Fig. 21A with the # angles all being 90°.



than 25 dynes/cm : More preferably, both of the channels' w dths
X[err] 5 and X[ err] are equal to or greater than 250 m crons, and

nore pre re equal to or greater than 300 m'cr

pref er ablﬁbgﬁ)f%’ro? L[err], L[err], L[err] are all appr om%‘aﬁ

equal . Preferably, each of the ratios L[err]/L[err] and L[err]/L[err]
are equal to or greater than 0.5 and 10 - less than or equal to 270. Each
of the arms 221A-221D may have protr&%si-on of up to 3Wlong. Any such

protrusion along with each armof the fiber should preferably fit’

within a 10Ww de pgir of _parallel |ine delinmiting the armof the
fi ber, as shown in E‘ . QE}& is a schemq}:d: Q]i@lglﬁwsﬁﬂgﬂpgc theashapey of
the shape of aof the spimnerettte mﬁummtimeua&obﬂ\hhibhw&lllr esul t

in afib. 1C shows
the fi ber crosgasteigé cq)'g' %Zgiwia%qd %berzgél??s‘s% "hp eg?g s%ﬁg" in
curvature of tEddeuRdA mith the 6 zawies M beixs 988.227D away fromthe
base 228 g resubtig frzgm 38 25 WGt fD LS éﬂéé@s&éﬁl@iﬁt EH%'

process. D.is a schematic plan yi ew show n
of a spinneret Fébﬁﬁeﬁk’g’ﬂé“gz%@%ﬁlm c‘ﬁe%?'?nzgf the, &F“F“Fﬁ%‘l‘%‘l ber .
havi ng the croef- m@se-rsel‘&ﬁmimmf ithe flbefsg:fZéﬂamplb Bhe frer] angles

al | being 900f c%'ﬁss-secta.o 24%“‘?&1 ure é%téﬁgl QE' ‘49’4;. WF:P:& %S¢

shape nnerette aper
result in a flﬂbpsﬁammlqnoiavsem 3n 27 gﬂd\mmﬂﬁﬁ infRig- 21A with

the lerrioang! 2aadl | thal agwdOlarid and 241¢ havél dis€af bhas whlewatic plan
vi ew showi ng t e shap i nnerette aperture 231 the use of

which will efﬂé‘?u%‘q ﬁhéfﬂ%rz"r?a\n%‘@“?%eué? ogléa%ﬂ-l BAAER0Z3hown in

Fig. 21A with tlaustraten@reFiat) JeAng PR cdrhs 2412 al@® 2340B9@efine
PCT/ US97/ 14607 &

21Gis a schemaplec agale \flle ngh(}'\ﬂengarﬂ’?e s‘ﬁ'éFpeand zgé%fd?ﬁ%ngp Hﬁe?@?ﬁg

aperture 232 tMg.use of which will result in a fiber having the
Cross-segbi on 220 she fibers having the cross—sections 240 preferably
have the angles @, plus 8§, being greater than or equal
to 90° and less than or equal to 170°. Preferably, the
ratio of each of the lengths L, and L, to the width W is
equal to or greater thanls,'and at least one of these
20 two ratios is equal to or greater than 10. Preferably,
at least one of the ratios of L;/I, and L,/L; is egual
to or greater than 5. Preferably, the bulk factor of
the fiber is egual to or greater than 3.0. Preferably,
the width W is less than or equal to 15 microns, more
25 preferably less than 10 microns, and still more
preferably less than 5 microns, and the adhesion tension
is equal to or greater than 25 dynes/cm with distilled
water. . _
~Additional distinguishing characteristics of fibers
30 defined by the generalized cross—section 240 of Fig. 223
are that X, is greater than about 250 microns, and more
preferably greater than about 300 microns, that the sum
of #; plus 0, is between 100° and 140°, that 0, is about
equal to #,, and that the ratio of L,/L; is between
35 about 0.5 and 2.0. :



Fig. 21Awith the [err] angles all being 90[err]. 5 Fig. 22Ais a
schematic of a cross-section 240 of a fi ber showi ng the generalized
versi on of the di nensions of cross-sections of the fibers of exanple
5. The WO98079%8s-section 240 includes the arns 241A, 241BCTAISHT/AGOT
whose lengths L[err], L[err], and L[err] are illustrated in Fig. 10 - 22A

The arns 241A and 241C have di stal ends which define the channel 242
havi ng the channel width X[ err] i LJgatrated in Fig. 22A. The arns
241A and 241 B define the angle [err] and the arns 241B and 241C
define the angle [err] 15 The fibers having the

cross-secti ons 240 Moréeveb| ythe fibemse delfdned)ys the derprsl {xad] bei ng
t th : t to 170[ e .
0 oo en o0, eribSbecyion 38 305 Skl S Iy 0 s, (9 1100 er1

Preferably, the . ng err]-and L2 to the
width Wis  Protyusions alopgekheir: Aemgth.andash |sueh Rretmisiomse 20
t:‘NOt Lat ios is ﬂ?lylabet Qf?foﬁiﬂaiélgt ’Era&i&/ Erﬂ e ey 1tl:}an' 3w @C{ﬁf.as'[ one
o e ratios err err] a err err] is, equ .o or
greater than SQuE#A?EFaEh%,aF%ﬁ BVRLﬁéﬁhﬁigﬁ°gr“51°qtéiQQ*ﬂﬂf*% equal to
or greater thawiShiin &r20wrehlg, corridorh)e as dtowdy iin IRies. t4Bn or equal to

15 mcrons, nore 25 FggP.rSEﬁr gRbye! %@% b@@ﬁtﬂe@i@ FiHy GbSlddde By e
preferably less than 57m crons, "and e~adhiesi on tension 'S equal to
or greater thaf435vhighsriflwresudtsdfromegse of the gpinnerette

Addi ti onal i Sapaguixeli BasCBRBIA! 16 Fises 20ic MRS be tlelinmsony he ?
general izged crgoss.section 240 of Eh%’ A : are that Xferr] is greater .
than abot? 250°WFERGHRs teBRICRLPE m P¥MeFeat er than about 300

mcrons, that the sPEig. 22C shoper theplsprirnmvdties dpmirtanre D err] and
CLerr ] e s L0t oMo oo len L ler il d Rl gLep ©
PCT/ US97/ 14607the fiber cross—section of example 6y . o
Moreover, the fibersrdef cpedshyechd HEIFRIdNcWh in Fig! OF5-Seciudesi n Fig.
22A may pave opg oL Mo'€cia, 251B, and 251C. The arms 251A and 251B
define the channel 252A. The arms 251B and 251C define
channel 252B. The arms 251C and 251A define the channel
252C. The width of the channels 252A, 252B, and 252C,
-are illustrated as X,, X3, and X,, respectively. The
20 length of the arms 251A, 251B, and 251C, are illustrated
as L, L, L,, respectively. The walls 251A and 251B
' define the angie #,. The walls 251B and 251C define the
angle #,. The walls 251C and 251A define the angle #,.
Preferred characteristics for the generalized
25 cross—section 250 are that the angles ¢,, ¢, and 8, are
between 110° and 130°, that the ratios for each of L,,
L,, and L,, to the width W are equal to or greater than
5, that at least one of the ratios of L, and L; to the
width W is greater than 10, that the bulk factor is
30 equal to or greater than 4, that the width W is less
than or equal to 15 microns, more preferably less than
10 microns, and still more preferably less than 5
microns, and that the adhesion tension of the surface of
the fiber with distilled water is egqual to or greater
35 than 25 dynes per centimeter.



protrusions along their I ength. Each such protrusion may be

approxi mately Ww de and no nore than 3Wlong. 5 Further, the arns

havi ng t%%&;gusi on should fit within a 10Ww de cop&ﬁggmm shown
in Fig. . : Fig. 22B shows the prophetic fiber cross-sectjon-
243 which wll result fromuse of the .spinnerette aperture 244 shown
in Fig. 22C because of the effects of 10 surface tension on the nolten
pol yrer . "Fig. 22C shows the §bﬁﬁhé?ette aperture 244.

Fig. 23 shows the generalized cross-section 250 of t he fiber

e el odes 15 i RABYEi8ns1, aissinguisking (NS od 00 BF M D H1 O
defi ne the chafibbergs@dafined bynthes genentlized (rosse—sectioghaffein2528B.
The arnms 2510161 2§§Aag§f tﬂﬁtt ke $BagReater thﬁ%o@ez% dﬁfb n&he

channel s 252A, are illustrated as X e X erf]

Xlerr], respec?? éP?reTHEefﬁrablﬂéﬁﬁﬂ¥ﬂﬂrIPH?QH§RPQ%1¥9°25& ORfi¢ Egﬁt
are illusrat ed; and &5 dierey ,a::le[ @rerdh ﬁd‘d&:hm&ﬁémcéq\lah.yto'rheo I'l's

FSIA and 2515 ooy SRR DAL o a8 AL g o 1

Preferred. charbﬁ?eahdtleSSf@hamh@hyﬂVHZH|zed 25 cross section 250 are

that the angles [erﬁhrek%&] %%‘é [ﬁwérs'ﬂ&efmea thﬂ? ngéﬁeramﬂzéao[err]
that the ratios for each Llerr], W are

equal to or grE’éP\?F"‘FﬁSﬁ“’n 2505 in I?dt‘?'ataé‘éﬁs\f %@&n?hgrraf’?ﬁs of L2 and
L3 to theo protgiBidhiss agbe.@t e:thet:liarlem;tﬁhatmdste Hutk protpusien30

I han_4 I
T8 orone, noRaY o Per APREprimate T df, W8S’ Md e GHore tump' Hnbhgs e °
preferably IesEurthr5 any suﬁhnpmu;ruﬁmbRSEQlQMQ thiecarwa o€nthen of the

surface of £ipbBeshiidn Wilh it 'a%d;]dwtﬁaé ScEftlotCalbng’ €Rke" 35
than 25 dynes R centineter. 07909
 PCT/ US97/ 146071ength of each arm, as shown in Fig.g25.

Addi tiongs di stinguFibi.n@4Clanoirs & igdricrabizdédeversionf 2bor s£dehened by
the general|zegrcrggge%gg%bpnéﬂ¥£ér%ibers of example 8. The cross—
section 260 includes the walls 261A, 261B, and 261C
having the illustrated lengths L,, L3, and IL,,
respectively. The walls 261A_and 261B define the angle
20 #,. The walls 261B and 261C define the angle 0,. The
walls 261C and 261A define the angle #;. The walls 261A
and 261B define the channel 262A. The walls 261B and
261C define the channel 262B. _ L
For the generalized cross—section 260, preferably
25 6, and 0, are between 80° and 100°, and more preferably
between 85° and 100°. Preferably 6; is between about
170° and 200°. Preferably, the ratios of each of the
lengths IL,, L,, and L; to the width W are greater than
or equal to 5, and more preferably at least one of these
30 ratios is also greater than or egual to 10. Further, it
is preferred that the bulk factor is greater than about
3.0, the width W is between about three and about 15
microns, and that the adhesion tension of the surface of
the fibers with dlstllled water is greater than about 25
35 dynes per centimeter.



Fig. 23 are that X err] is greater than about 250 m crons, and nore

preferably greater than about 300 mcrons, that 5 [err] and [err] and
[err] are each approxinmately equal to 120[err] and that the ratio of -
L2 and L3VD$8/7989t er t han about 1/2 and | ess than ab8GEMUS9T460T

Mot eover, the fibers defined by the generalized cross-section 25071 n
Fig. 23 may have one or nore 10 protrusions along their |length.-~ Each
such protrusion may be approxi mat el yg\Mw de and no nore than 3W I ong.
Further, any such protrusions along the arns of the fiber should fit .
within a 10Ww de corridor along the | ength of each arm as shown in.
Fig. 25. 15 Aﬂdgtlénaihd\nsta.nguisha.lngzeﬂ&a:acmmilﬁ:[bmfof hehe '

- t i
T viest e vELPEEE BRPIBRa0by (A bRrbralise s oot BT 260 490
| engt hs L[ err]thateXy]andn¥, Lake Poth greatespsbﬂnvébputTﬁéquﬂqrqnﬁhA and .
261B define thsnanﬂbeeZQrefe&-a E&e@%i%@%&ﬁhﬁ%ﬁge ther

angle [erg]. T S 61A define.t r]. The

wal |'s 261 é\ Qﬁeaﬁﬁ“?&%% h@f 'tﬁﬁg ﬁanﬂﬁ? ogual 2 ﬁglP§ rand
261C defi ne t hthahkathel xra€iB. of the 1engtEorL t e® ggnmmlhahmkecrr @kowect | on
260, preferabl 5 [ ] [ e
preferably éné half 358 er(ra]t Q:Wé:] 8:3'& ri %[h‘%?ﬁ? gcgﬁyél?err S bet ween
about 17BPeFQ]1§nbe§U6FBrﬁP°“pr9f 3%e ratios of each of the

lengths L[err], L[emokeowad, Lh:hﬁar]flwéz@@éhdiéa Wﬁrﬁxgr@éﬁ&aifﬁed cor
equal to}ﬁ and nor e gF fera %é ast one of
u ™A

greater than oFrgaﬁ_F av§ one or ¥9ﬁﬁ6ﬁ¥ﬁY¥RF}ﬂ%f ?%%n%ulk
factor is greatbelrhARnabhut Each sndm prietmisiion \Way bhetapprosimatelinr ee

TR Troars o Jf 3108 Spifhe, BB Miad Y gpl O UND hatifeBLl 00
centi neter . av1ngC¢g&/@¢9¢gu51ons should fit within a 10W w1
PCT/ US97/ 14607 corridor, as shown in Fig. 25. Figb@5 shows the
Additionig dis& Q%%aiqﬁ %ﬁpkﬁﬁaéﬁiééééﬁoA'E%o and the 10W wide’
corridors 271A, 271B and 271C. The cross—section 270
includes the arms 2723, 272B, and 272C. Further,'the
arms 272B and 272C have protrusions 273. Each of the
arms 2707, 272B, and 272C is delimited by a 10W wide
20 corridor, where W is the width of each of the arms.
Fig. 25 shows each arm of a fiber including its
protrusions fitting within a 10W wide corridor as
required by the criteria for the generalized cross—
section discussed hereinabove. All three of the arms
25 shown in Fig. 25 fit within the 10W width criteria.
Figs 26A-B illustrate the definition of the single
fiber bulk factor.
Fig. 26A shows the fiber cross—section 280 which is
used to define the procedure for determining the single
30 fiber bulk factor. The single fiber bulk factor is
defined as the cross—sectional area of the channels
divided by the cross—sectional area of the fiber.
The fiber cross—section 280 has the width W and
includes the arms 2823a, 282B, and 282C, which have the
35 distal tips 283A, 283B, and 283C. The arms 2823, 282B,



fibers defined by the generalized cross-section 260 are that X err]

and X[ err] are both greater than about 250 m crons, and nore

pr ef er abl reat er .t han about 300 microns, that 5 t he | r],
L[err], & B%EPEP? are equal to one another, that the ﬁ%@@@égbhﬁﬁe L
length L[err] to L[err] is between about one half and about two, that.
the ratio of the length L3 to L2 is between about 0.02 and 107 :
Moreover, the fibers defined by the generalgzzed 10 cross-section 260 may
have one or nore protrusions al ong their | ength. Each such protrusion
may be approxi mately Ww de and no nore than 3WIlong. Further, the

ar ns haviadt 282¢r defineotbes pyoss—faaectdonal chamnely aveas 2814,

corridor, as Sh@M@B'naﬁhgzaié FTﬁe &2 oiedt Forlen chéﬁﬁ@iaéféﬁﬂ Ehiﬁr"
Cross- sectlon 270 and the 10 ridors 271A B and 271C, Th

cross-section 29918, and ﬁﬁFGd@Eet Aefingd %ﬁ&ﬁh‘?ﬁ'@am 2%’2@3 PROMABES -

t he arms tdRgentdtd/Lhehaistplotiips @t thS. afmehand the surfacasns
270A, 272E’3 and 7'§$e %Eﬂgl imted by a 10Ww de 20 corridor, where Wis
the width of eal Fig. 25 shows each armof a fiber
including its . pr @stamngtﬁmt,i Ag winbitrary omikse ofrthdocrass—

required by thesgebighhd bpkal B2 %‘&ercﬁidr&ﬂ@lé”ﬁf@hdes JanS&FkhoBedzsgyssed

her ei nabove. Al three of the arns wn i n it wt

10Wwi dth crite?nd a determ:mat,tpgs ofs Ahe ﬁ"l"?,%?T%?‘ég{-%aﬂe?Fﬁ?t PENLBE t e
single . fibkbebulih thet&ross—sectlon 8@ . providésvant drehi bEr 60.

detor m ni bt nol BehREERe,” the, siolE £5hel mifc ' AEGPER LMY Enk brpapr
factor is sgetiiond 289 n-BeZQISM se@i®nal area of the channels

di vided by the CrOSSF§§Ctb@ﬁakhﬁb%aﬂﬂétfﬁbéft5¥oss—sectlon 29B8€ahiabehe
cross-section 280 has tthe w dth I ncludes _the, ,arns 282A, 282B,

and 282C, whi chCha8E—sgstignal area,of jthe ghanne}:291,4p baskingthe arns
282A, 282B, Dete¥in8t36909in arbitrary units, of the area of the

PCT/US97/ 14607 rogs—section of the channels 291 S$fd the area of the
cross—section 290 of the fiber provides 225 and 44 in
arbitrary units. Therefore, the single fiber bulk
factor for Fig. 26B is 5.1.

Fig. 30A shows the dimensions of the aperture 320
20 of the spinnerette 330 used in comparative example 12.
The aperture 320 includes the arms 321A, 321B, 321C,
321D, and the base 322. Fig. 30A illustrates the
relative dimensions in which the arms 321A are fifty
times the width W of the aperture and the base 322 is
25 forty times the width W of the aperture. The width W is
0.100 millimeters in the aperture 320. The aperture was
cut using a conventional YAG laser machining systen.
The machining of the apertures of the spinnerettes
disclosed hereln can be accompllshed using conventional
30 laser machining systems. '
Fig. 30B schematlcaliy illustrates the spinnerette
330 used in comparative example 12 showing the placement
of bores 323 spaced at 22.5° from one another in a
circular pattern in the spinnerette 330.



and 282C define the cross-sectional channel areas 281A, 281B, and

281C. The cross-sectional channel areas 281A, 281B, and 281C are
defined by the straight |ine segnents tangent to the distal tips of

t he ar nswoneB/a7be® surfaces 5 of the arns. A RIET/USIWIAGNTI on, in
arbitrary units, of the cross- sectional area of the channels - - :
provi des an area of 225, and a determ nation of the cross-sectional
area of the fiber in the cross-sectggn-280 provides an area of 60. 10
Therefore, the single fiber bulk factor for the cross- section 280 is
225/ 60 = 3. 8. Fig. 26B shows the fiber cross-section 290 and the

cross-sectional aretigf iheshdwsmmagidfied wiewwsngf cross—Beictrivinziziaan, in
arbitrary unitgs fgbé§§’5¥€@b af@@-gé e Bﬁﬁgés- ection of the channels 291
T the i ¥ 0 %

and the area o ] Cross-section é fiber provides 225 and
44 in ar bi t r FLGu2k igrrreidecsechionppgvier pér aplore 331 factor

for Fig. 26B ifawidg a blank thiékfes$0433R0¥hathesdoN®8d AhTrOof e

aperture 320 20 .__of the nnerette 330 used.in conparative exanple 12.
The aper fire FRITRErERES TEL UrAd 45 domesvating, RERENT WS, D © 12

base 322. Fig. 30Aig!l u32B aslkewshan aperturkaBBleodi thesibore i332Mufch t he
arnms 321A are dyd tyns ' ik e he base
i zs ot yé’?:i.nn%esr?%%%%? Eﬁ#%f 5{%?"% ‘é‘%?ﬁ‘?gg %é“%v]\i%gghst'vvi s
0.100 millimeters iFThe32Qeks 2 amagnifind yiew: ofethes aperturq33xing a
conventional ‘EKowds§ the@CrélafivéY8if8hsions ofehebabeditigedf3dde
aperturﬁgbof the s |nn€rett§€ - dis kgs d he&gl cip gﬁﬂfccoqpllshed
usi ng comvent i ONal 2BBFTUre 434¢ %ﬁh?n?’f‘lé yBrefpd the lengths333,50p
schematically 334 us333} €336 he33p} napdeB88 which ate wespectivamipyaredw e
exanpl e 12 Shoyd ngy! NEspnaceRN 30 5w, BhaP97R: 3fHeSRARRY ¥ i oldid ]

"a Pt it ar pa .

fromone another_in . ern In the spinnerette
WO 98/ 07909 millimeters in the aperture 332. PCT/ US97/ 14607

- 68 - Fig. 32D shows the spinnerette 340 including the

.15 arrangement of the bores 331. The thirty-seven bores

331 are arranged in seven rows.
Fig. 33 shows a cross-section 341 of a fiber of

comparative example 13. The cross—section 341 includes
the arms 342A, 342B, 342C, and 342D, and the base 343.

20 There are small projections 344 projecting from the
center of the base 343. There are projections 345
projecting away from the base 344 and away from the
surface of the walls. The cross—section 341 is
generally "H" shaped and defines two channels.

25 Fig 34 shows a cross—section 345 of a fiber of
comparative example 14. The shape of the cross—section
345 of comparative example 14 is similar to the shape of
the cross—section 341 of comparative example 13.

_ Figs. 35-37C show cross sections used in defining

30 the procedure for determining the capillary channel area
for flow for a single fiber. The capillary channel area
for flow is an approximation, based upon the forces on
the liquid and the geometry of the fibers, of the cross—
sectional area along which the ligquid flows. Capillary

35 channels on the surfaces of fibers are those channels



Fig. 31 shows nmagnified views of cross-sections 324 of fibers of
conparative exanple 12. Fig. 32A is a side sectional view of a

bore 331 ving a bl ank thickness 331A that is 0.050 i 5
spjnnere?ygggﬁgﬁﬁsed i n conparative exanple 13. ' Pgﬁg$8égﬁ%2how5

an aperture 331 of the bore 332 of the spinnerette 340 used ih
conparati ve exanple 13. Fig. 32Cis a magnified view of™the
aperture 332 showi ng the relative Ti®®rmsi ons of the aperture 332. 10
The aperture 332 has a wwdth W and the | engths 333, 334, 335, 336,

77w The wi d nPre GaB3I1aEY PeEdes Ae daxge Fomikeed o gigvaty.”
Fig. 32D shomschhapséiwidtbtﬁém@usiqnsllﬁsg)than15bouta25QnyénrnnsohrEhe :
bores 331. Thfeéﬂﬁi‘hﬁ' Fore @a%%}?%a:fy af?xl'%;srl %r? %@riﬁﬂgg%g{rﬂgﬁﬁ‘éﬂ” £lpOVS.

Fig. 33 shows a Crg@ss-section ] tive exanple
13. The cross- SE8VAEY -34Thexe axes basically Gyestynes o§49possA2C, and

342D, andsthe baetidhdl FeometHivis of cldfmeélH) OyREEhOage344 projecting
brof ecti ng aua§SPPSAMAIao PR R LR YRLLAS ShFpRete “aha SRR Aptiatay,
wal | s. The cro§§?ssb@@¢d.@hhnqels. generally "H' shaped and defines two
Comas ot va-exarm) o EF 3 TR, gEe AL 21 Bngh G1ktjecine
conparati ve ex&gBFP of thesichanmel £f nkeashpaani 150 micrRBSer 8ss- section
341 of cmopar astraigmtlifelds drawn ftha%l F?DésgB&BZEm&bgw ?If?*?’esﬁﬁ; InﬁQIS k
area | tor Sheiens, dnd ia gq e Hamie L fFProds dasaRBn atcsne e
for flowis ancapﬁrldﬁMtQandiamalptmrtﬁboWorcEig_sn 35 andt BFA i quid an
e Promrs V) ou skt SesfL iy KBS arencPEL 18y 667 kAt
t hose channel sthe widibhsogfy sy channels of which are less than 150
PCT/ US97484607microns. Figs. 36a—C, 37B, and 3769illustrate the

capillary channel area for flow for various shaped

channels that are wider than 150 microns. The general

principles relating to Figs 35-37C can be used to define

the capillary'channel area for flow for any channel’s

20 cross—section. In general, all surfaces of the cross—

section that define an angle of less than or eqgual to

120° and that can be closed by 150 micron long line

segments are closed, and the sum of the area of the

closed section is defined as the capillary channel area

25 for flow. Exclusion of areas having surfaces that

define an angle of greater than 120° excludes shallow

regions that do not define channels deep enough to

substantially affect the transport of a liquid along the

fiber.

30 Fig. 35 shows a cross-section 350 of a fiber that
includes arms 351A—351G and a base (unnumbered). The
arms 351A-351G form channels 352A-352E. The two arns
defining each one of the chanﬁels 352A—352E are less
than 150 microns apart from one another. The capillary

35 channel area for flow for the fiber having the cross-—



where capillary forces are |large conpared to gravity. channel w dth

di nensi ons | ess than about 250 m crons are required for capillary
forces to be large conpared to gravity. There are basically two types
of crossw@9s/07%%®ct i onal geonetries of channels, which arePCI/US7/14607
substantially parallel walled channels and substantially "\ shapéd
channel s. For all channels that have a channel wi dth at the
mouth of the channel of |less than 150 nmckgns, a 10 straight line is
drawn that closes the nmouth of the channel . The encl osed channel -area
I's defined as the capillary channel area for flow Figs. 35 and 37A

illustrate caps'sébewnc bsangg ah@d chted bYvthe HddMus regmné Qﬁf Wil hs' of

t he channel s whi ¢ e han_150 nm cro Fi -C, 37B, and
37C |IIustrate ?ﬁB &ls° g@éﬁ%%?%?y Eﬁﬁhﬁap <§5%4Qﬁi%%ﬁe%/ 9%, &Ll Maped
channel s t hat #&sethedareahhouhBednbyr dhe w“élidsgeumrtlie channqsirs rendlaes -

relating to Fi gerﬁ ﬁEC%‘iﬁQ gsgu\gg% Rritldtihg the ciﬁﬁﬁhaﬁ? rala(f f«f}?@né'

area for flow Cross-section
surfaces ¥f th§a§l§s§f the chaamelen that define an angle of | ess than or

equal Eo 12059&@] d@;@% fsmscantd%sa-@wﬁilah Kb %ﬁr&%iﬂ%ﬁ i tne
segnents are closed, an e.su area .0 sed section is
defined as thekégbpplﬁF? c AR @ﬂk f#hﬁ@ %%ﬁﬂ%éﬁ%ﬁ??ﬁ Dareas
havi ng surfaceShehwtidths ofddhienechamnmls e&z‘A—grm are predie) crhign

excl udes shal | | Og§el I gh
substantially gy?emlcr&&?ra%po?lt%tsg%% Q%tng a onga%}ﬁulf §5§§9&’?Egb%'

Fig. 35 %fows kher sapiddervoshavmed; ared for (fikaw of the rehqm%l a%%A
351A- 351G and mhbaaashléan&@@%e@ 36H2€ and 3648 Hefind" @@Qzé &bgnnel s

are loss | chABREISETAR EHS LASH Ok i SETIER 2B Tl f}ﬁ% o "5
channel area foedgibns BESA Rad iA6SB [efine tHhe caskllary chaﬂKkDSdﬁE@OQ
PCT/ US97/ 14607 g flow of the channel 362C. Tﬁe7ﬁgéhed regions 366A
i5 and 3668 define the capillary channel area for flow of
the channel 362D. The hashed regions in Fig. 36A
indicating the capillary channel area for flow in each
of the channels are defined by a 150 micron long line
segment positioned (1) so.that the ends of the line
20 segment contact the surface of the fiber and (2) so that
the line segment is perpendicular to a bisector of the
angle between the arms and the base that define the
channel. The capillary channel areas for flow shown in
Fig. 36A are defined by the one hundred fifty micron
25 long line segments and the surface of the arm and the
surface of the base.

Fig. 36B shows an arm section 367 of a cross—
section of a fiber and an arm section 368 of the cross—
section of the fiber. The arm sections 367 and 368 form

30 a right angle. Fig. 36B illustrates a bisector 369 of
the right angle and a 150 micron long line segment 370.
The 150 micron long line segment 370 is positioned in
accordance with the procedure for defining capillary
channel area for flow so that the line segment is

35 perpendicular to the bisector 369. The area 371 between



section 350 is indicated by the hashed regi ons of the channel s
352A-352E. The capillary channel area for flow Is the area bounded by

the wal | S W B#R%H) hannel s and a straight line segment cpggﬁgyﬂgwt he
0

distal tips wal | s of the channels. oms a ..
cross-section 360 of a fiber havi.ng arns 361A- 361F that define
channel s 362A- 362D. The wi dths of the annel s 362A- 362D are greater
t han 150 microns. The hashed regi ons 383A™and 363B define 10 the
capillary channel area for flow of the channel 362A The hashed

regi ons 364A an elLpe; | haky er o] of':
thg channel 362%@?}%‘&@%%251“@ 569 ?gr? ?ggA and% %éfﬁe t#b Ws
capi | l ary channéth@rgapillaryy ShaPPS\Jd greghdah e T dherponbiandof

regi ons 366A 15 theaeﬁoaéﬁaedeibﬂeotheh@awﬂér BHAAN Y Pig2 368, flow of .
t he channel 362D. The hashggF ions in i ndi cati n

capi | lary channel are5*%or Pﬂse3c9°r€i°n(§7%tﬂ;(ﬂuﬁﬁﬁﬁﬁ‘%? tﬂ@?lﬁgd .
by a 150 ni%ron & ofijbéernwhich 1nségdestapshdntnanh(éectxnmrauztﬁneends of

the line 20  spgnepi ggn AEn! he sy i&%@{ %bfan&%ﬁ%e@elgn% 2.

the |ine segnent gerpen ar to a bl sec
the arms and the lb%ls ength g&f Whichhds qreat@mmn e zemwary channel

areas for flow shdyn B86C showsFaJi15386hiareniald QMetﬁ@gueé@thwdrsﬂeflfty

m cron 25 Ion in nts and th rfa

surface of the b SF wRldhis Elg SO §%‘§°§n8ﬁ§§£%’% rff’s%%ﬁaﬂl%ﬁ?ﬁf of
Cross- 10 secthensbért érheseeatid oan 3q2maset tihen 3tenfendicofrehich in
section of the fé@ﬁéacirhﬁléﬁ”gﬁgcﬁbﬂ[@,gra 75’3&%1%9? 3P4 “Ec?’oclle ife’ 49Nt

angle. Fig. 36B illustrates | sec angle and a
150 nicron | ong FRRtliggKerhagpel area fPﬁéfﬂHYrﬁ%ﬁ{ﬁlTQm ineecsegnanht

370 :|S posi ti onesi%wls not peggéaaa@&w:t g hﬁﬁrm&wrfﬁsﬂefm%ﬁgone
bor pendi oul ar t SYRBLBNSBE: BhessberTABtinie A Wikhaeh & ChannetoFor80s
PCT/ US97/ 1¥%07 short that it would not contact &/ 1150 micron line that
is perpendicular to the bisector of the angle between
the wall and the base of the channel, the procedure for
determining capillary channel area for flow places one
end of the 150 micron long line segment at the distal
20 tip of the short channel wall and the other end of the
line segment along the opposing wall of the channel.

Fig. 37A shows a cross—section 380 of a fiber
having "V" shaped channels in which the walls of the
channels define an angle less than 120° and the widths

25 at the mouths of the channels are less than 150 microns.
The capillary channel areas for flow 381A-381G are each
defined by the area between two opposing arms of the
cross—section 380 that form walls of a channel and a
line segment contacting the distal tips of the two arms.

30 In each case, the line segment is less than 150 microns

_long. .

Fig. 37B shows a cross—section 390 of a fiber
forming a "V" shaped channel and which includes arms
391A and 391B. The distal tips 392A and 392B of the

35 arms 391A and 391B are greater than 150 microns apart.



the arm sections 367, 368, and the line segnent 370 is the capillary
channel area for flow for the portion of the cross-section of the

fi ber shown in Fig. 36B. Fig. 36C shows a portion 371 of a
cross-seBAWPPO 5  a fiber which includes a short arm FEVPR4PT ( he

| ength of which is 50 microns and a l-ong arm section 372 the length
of which is greater than 150 m crons. Fig. 36C shows a 150 #micron

| ong |i ne segnent 374 one end of wh¥2h—is in contact with the distal
tip 375 of 10 the short arm section 372 and the other end of which in
contact with the long armsection 373 to define a capillary channel
area for flowFige 3He shows stheel$0 microp7iong Addnepsepmmntc8P3r to the

bi sector 376. Wifikh 0¥ perpendf&iifP €6 the bhibettesf Bungratwal anghed
channel is so ci_ésf:'pyetfhort hat it would nQt contact. a O mcron |II'ne that

d 15
i s per pendi cul HY bR ATPS o 91420 gR1Bet WEBR line segmept Asyng
tEe balse of t]t;ms:tm:mwédl. gdecpabcisr enfisr contactdeher Whtlﬂ.&go[taltihldl ary -
channe ea p S 1 Gl n i ne
segnent g{ thea{aaléﬂf%ﬂ ZOﬁggt?%ag_l?ﬁ% ‘s’ﬁ%ﬁf‘%’h%%ﬁgl i\%gl 5%33 %eqﬁt her - end
of the |deRined nbwt the ok$0 tmicvppodPng. Wane seomedtcB83nend the

Fig. 37A showsens956a Sord i 961880 of a fi ber having "V' shaped
channels in which the walls of the channel s define an gngle | ess than

120 and the wi dths « 37¢ SheVH Rt FEOBPBRELARANALDs OF @ £dL8L han 150

m crons. faimeingpal dbsyorbednty" ashapef that! dnwcltieés3the dongecadim
defi ned the, &t e e e 0$hhg a o] h r - | on
380 that for m%/va S &(;fﬂggc%%%%gl ggﬁdigg' jj?g:‘é'l’i %gbsggr?gﬁt t%‘o%n Z%e%ﬁtg% t he
distal tips of4@hecfvtherangleodefingdehyhtbesarmshd 0l aadsd@ent A 28%ss

than 150 m crofferon 16R8§%ine segment E'bgpeﬁa@c%ﬁ@f‘?t% hieS Hisidtd 390
of a fiber f channel ,a h includes arns

ormng a "V' shaped nd whi c
391A and 3915.4°r1"’1e"a‘ir11'{1a‘l‘°¥iB§V§92§d§n8°§§2§t&iﬂgt froe3shorty2rd 8514 %nd
391B are greatamdttihhe 16AgnarmoaeliapaThe 150 mic¥OnO¥cMmdO09ne segment
PCT/ US97{ 4607404 g positioned so that one of it&°ends contacts the
distal tip 405 of the short arm 402 and the other end
contacts the long_arm 401. The capillary channel area
for flow 406 is defined by the line segment 404, the
. short arm 402, and the portion of the long arm 401 that
20 connects the short arm and the point of contact at
segment 404. -

Figs. 38A and 38B show cross-sections illustrating
the procedure for defining the single fiber bulk factor
(bulk factor). The bulk factor is defined by the sum of

25 the cross—sectional areas of the voids divided by the
. cross—sectional area of the fiber.

Fig. 38A shows a cross—section 410 of a fiber
having arms 411A, 411B, and 411C. The arms 4112, 411B,
and 411C have distal tips 412A, 412B, and 412C. The

30 area defined by straight line segments between the
distal tips 412A, 412B, and 412C and the arms 4113,
411B, and 411C defines the void cross—sectional areas
413A, 413B, and 413C. For the cross—section shown in
Fig. 38A, the bulk factor equals the sum of the void



Fig. 37B shows the 150 mcron long |ine segnment 393 which is
perpendi cul ar to the bisector 394 of the angle defined by the arns

391A andvagégk?ﬁ;e | ine segnment is positioned so thatfkﬁ§$?9 ont act
or

the walls 0 channel . The capillary channel area 5 IS
defined by the 150 mcron long line segnent 393 and the ar s 391A and
391B. Fig. 37C shows a cross-section 400 of a fiber

forming a distorted "V' shape that includes3 the | ong arm 10 401 and the
short arm 402. Fig. 37C shows the bisector 403 of the angle defi ned
by the arnms 40 A_150 g e nt p end ular
to the blsecto%rggg 1g§8§ dﬁﬁﬁgtégﬂé {&égﬂd%i $F§ B §£§h

402 and the ﬁahgraﬁwnmmss;ﬁﬁ;tﬁﬁnrﬁtﬂon | ong I|ne segnent 15 404
i's positioned so th éa Sere¥l-asd St 420 405 of
the short arm 402 an the ot her 39 cont aic'étys? t% ﬁngiﬁh&ﬁlgzl&%

capillary chanﬁEFsaﬁ@éA’421F1§ﬂdfqnﬁwhﬁﬁﬁlﬁzﬁeflﬁhﬂ aymeh Zﬂ@nézgébnent
404, the s hawazmﬂ&a,psambMamllomafafés Hé!ﬁﬂnéaﬁwoh tise 20

connects the s arm,an nt ac ment 404.

Fi gs. 38A and g@@ sﬁﬁﬂ#ﬁ?’§%qgﬁg (iI? % ﬁﬁ° of thFh o @Wire for
defini ng the sidogse nioitheronhadt faayt asther - poa:bwh 6fictbhe) cross-mddtfarxt or

| s defined by Lho auPies’tne VAL Aocas HARNE] FHERT Q2aFIC \i@w%m 28A

di vi ded by the ~ Ccross-sectional area
shows a cross- $864H%H F1Fhe cxaspesection 429 kg thassym KL thepv

411C. Thaoar s atkhs (@ELR24A plu@rwbéélﬂmvezdcspahst unaw&ﬁs% and

412C. The 30 fined by str line se en t
distal tips 4151,3(%&%?%%%3:3’ é‘éaan#?ﬂé a‘?’r'r%sﬁi l°n ‘itzgef% tg’r?d 411C
defines the voifdkernss-Resertihmairossesection meA&hnwaB;naﬁ'dmlmB,the he

Ccross-section - 8 b t | s, the sum of
Cross- se %\% 0 fdltror = [vbidPA VdfaPul vdagl o Vo] s

PCT/ US97/ 14607 Voids)~(Dark Area)] where the terms %oid,, Void,, Void,,
15 Void,, and Voids; are illustrated in Fig. 38B. Note that
the arm 421B shown in Fig. 38B does not define'Separate
void areas on either side of it because a line tangent
to the distal tip 423B and'téngent to the distal tip of
either of the adjacent arms 423A or 423C would also
20 contact additional regions of the cross—section 420.
Fig. 39 shows a metal or plastic harp 430 defined
by rims 4312-431D. A fiber having a portion 432A on the
front side of the harp and a portion 432B on the back
side of the harp is wrapped around the harp and knotted
25 at the knot 433 at the top of the harp. Additional
fibers (unnumbered) are wrapped around the harp as
illustrated in Fig. 39. The length of the harp between
the rims 431B and 431D is illustrated as 25 centimeters
in Fig. 39. 1Instead of the single fiber 432A, 432B, one
30 or more bundles of fibers could be wrapped around the
harp. The same vertical rise test procedure applies to
single fibers and bundles of fibers. The bundle of
fibers that is used is typically the total number of
fibers in the strand of yarn, as the yarn was produced.
35 This may vary from 3 to 100 or more.



areas (413A plus 413B plus 413C) divided by the area of the fiber's

cross-section 410. - Fig. 38B shows a cross-section 420 including

t he arns 421A-421F and the base 422. The arns 421A-421F 5  have

di stal tiWa9%97ee 421F. The area defined by a line t RET/USIT1468T s t he
distal tips of two of the arns and does not contact any other portion
of the cross-section 420 defines the void areas 424A-C, 424E 424F.
The bul k factor of the cross-sect+om4420 is the sumof the void 10 -
areas (of 424A plus 424B plus 424C plus 424E pl us 424F) di vi ded by _
the area of the cross-section 420 of the fiber. For the cross-section

420 shown in Fig. 38me vewtical rjgektestt procefuve cﬁ[qul}vaswaammr] +
Void[err] + Voisdiviaual £iBéfsebs] stk éhﬁ@kb‘%?”ﬁhi &Posed

Voi d Vi Voi d
sl o il e S

does not deflrhanppﬁsatSS shownV@hdriageasaqn either side of it because a

el ther of the ad mﬁace” Deh e 38orhiBruZHR SRbLNNAY 5 L o8P O
addi ti onal re@RAs6%? readativeshunidity,4kbe harp is plated B9 ahows a

metal or pl aStlbéaﬁéfpcéﬁQaﬂﬁih?eﬂ yltint®Pked B¢ Ko T sdLdtden. having a
portion 432A side of the hagﬁﬁfnd,a:ﬁﬁrtlon 4328 on t he

e
back o g Reignt. np' Fhe, PasBeRoaBIR PRYER (2kO at
the knot 433 atheéhkitapdolevéd har phe Aédkbu:omlter 15 riix’m:és(imnunbered)

The hor bibet weaporadd PR Pal pegsegt, b, dinh Eifhent aitapdd ot ™" @

centineters flberﬁ £re. tzplcaméyeueuoﬂ leetélmgiasfp iand m@Aava:aeee one
30 or nore ﬁ@ﬂéﬁﬁsofftﬁébfi§e08¥|@thlWhﬁBBPQd¥“¥ﬂ51éiﬁteen stPQﬁﬁs The

sane vertical (is e cedure applies to single fibers and
“bundl es of fIb%?SSe%ﬁ Eﬁﬁare of fibers that is used is typically the
total nunber of fibers in the strand of yarn, as the yarn was

B@?B&S?}i 35 071.1&3&3 HBYu Y1 ¥ 1 oM 3¢t 3ub o JBLG stures O 98/ 07909
Figs. 40A-B, 41A-C, 432A-B, 44, and 47-50 show the
liquid acquisitionrdistribution and absorbent product
structures of the invention.
Fig. 40A shows a ligquid acquisition-distribution
20 structure 440 having a top'layer 441, a liquid
distribution structure 442, and a flow resistance layer
443,
Fig. 40B pictorially shows the distribution of the
liquid 446 due to a liquid insult 444 insulting the
25 absorbent product 445. The liquid 446 of the insult 444
traverses the top layer 441 and contacts the liquid
distribution structure 442. The ligquid distribution
structure 442 distributes the liquid 446 parallel to the
top layer 441, and communicates the liguid to the
30 absorbent core 447 at a plurality of distinct locations
448A—4481 via lower liqguid resistance regions. The
absorbent product 445 has the back layer 449.
Fig. 41A is a tbp view of a liquid
acquisitionsdistribution structure 450 of the present
35 invention showing the insult 444 and the fibers 4453,



The vertical rise test procedure involves taking i ndi vi dual fibers or

strands and tying nultiple closed | oops of the fibers or strands
around t pl astic harp 430 as shown in Fig. 3 tn@u Wth
t he Iaboggqgﬁ/ﬁéé approximately 70[err]F (21.1[err] C) ? %’g@o‘rel ati.ve
hum dity, the harp is placed in a beaker containing Syltint[err] Red

or Red Test Sol ution. The hei ght up tgg harp to which the i gUi d noves
above the liquid | evel in the beaker ter 15 mnutes is 10

recorded to the nearest 0.1 cm Sixteen strands or fibers are ' '
typically wound & ! hnd\f4EESk Hife 2 24358 alstréw:amn Yrddafpee of the
liquid for the S|xteen strand eterm ne Li qu

Acqui si ti on/ Di ¥g Hiikess gt"rf{?ot 458, and 445C prgsaligned in Ahe sapep,
44, and 47-50 @ixwdtion in oﬂdétllfbaﬁﬂﬂhﬁpbrﬁntﬂbsuﬁ.lduﬂd Cﬁrcaﬂd:wbsor bent

product ur of, t he J.,nvent WS _a

| i qui d acqui si ?&ﬁﬁ"c“tﬁ sﬁefﬁ tﬂ?ﬁ% "'the ax ?rﬁgtﬁ'}lg mfﬁ'dﬂ'f\ﬁ %J a pgl% 1441,
aliquid & as sit]rllts.tratedstbwcthneamawsaﬁm Figl.oWd®esi st ance | ayer _
443. Figg t t |

liquid 446 due to a I %Fédéﬁl 4 4 ?ﬁﬁﬁﬁt?ﬁaqhﬁthnﬂLkgg%sor ent froduct
445.  The || quﬁ?ﬂlﬂ'—‘b‘fe t4rﬁ9 |3H%u‘1’¥1 qthe fiberg, 46ddy 4fdB.oRANh\AF1G41
and contacts t g idut derom thdliség ibﬂuan BEr h‘.!‘abUllG.qﬁ‘ka iHsult a4 in

d b d I h
op | ayer 441, AP ST € CTACER? oI EHSEY ?ﬁgm's%%e R el

at a plulddlity te cﬁ!mnerktout)daeqms 463 and3A6443| VI a | ower 1iquid

resistance regions. %f 41c sﬁnbégféﬁatlﬁlgﬁiacs PAGK; hg¥ £6n449.
Fig. 41Ais atop vie l'1Tquid ul sit o r| ution structure
450 of the preshfucture 4?R/e1h¥|%iﬁhoﬁPﬁgfﬁ-HGan§ﬂlltA'444”e§vd an 4786rs
445A, WO £ (PP % rom the region 472 where the liquid IKSul97444607
occurs. The fibers of the liquid acquisition~
15 distribution structure 470 extend radially in a circular

pattern from the region 472 in order to distribute the
liquid radially outward in all directions. _

Fig. 42A includes a graph showing fractions of the
flow versus the location of the flow along the major

. 20 axis of an absorbent product and a schematic of the
acquisitionrsdistribution structure illustrating the
location of the insult in the top layer. Fig. 42A shows

‘that the distribution 480 of the liquid along the top
layer is distributed close to the location of the insult
25 on the top sheet. : _

Pig. 42B includes a graph showing the uniform
distribution of the liguid along the major axis of the
absorbent product through the ligquid flow resistance
layer (which is the third layer of the liquid

30 acquisitionsdistribution structure). Fig. 42B shows
that the liquid acquisition~sdistribution structure
functions to spread out the initial liquid distribution
480 to the distribution 481.

Fig. 42C includes a graph showing the distribution

35 of the liquid through the liquid resistance layer 443



- 75 - 445B, and 445C of the liquid distribution structure.

The fibers 445A, 445B, and 445C are aligned in the sane direction in
order to transport the liquid fromthe" insult 444 along the axis of

t he bundWR98¥79%he fibers, 5 as illustrated by the arr BRAMUSATH6YT 41A
Fig. 41B shows a liquid acquisition/distribution structure 460 in"
whi ch the fibers 461A, 461B, and 461C fan out fromthe regi on 462 of
the liquid insult 444 in order to-dipgt =i bute the liquid fromthe

i nsult 444 along 10 the fanned out regions 463 and 464. Fi-g.
41C shows the liquid acquisition/distribution structure 470 in which

the fibers 471alongltheamdjdr1&xis of fthe aksdrient roducbnfdr2anhere the
liquid insult s ,QC s f: i3 ers t I Sh asephabgian/ 15
di stribution séﬁﬁgfﬂ?nggoigéﬁéﬁqIFQEﬁg %fﬁ%?égéﬁtﬁgﬁégéh e %%@%%rnjfrom
the region 4724PR-or Tee aequisitipmraisteribution ishrurkare 4499 outward in
?Ihl di FeCtH)nSincludestﬁ tfﬁi Q?yé%Al:,Pﬂ? lad];cjis%z@ilrmml?h%ferfugt,i ana of

e ow_versys the | ocatiQn Q e flow.al.on maj or - axi s
of an absgrben?npﬁ8§899g5ﬁ8°ﬁsséﬁgﬁépi€&&W1ﬁﬁ§15taékerfaye£ 5450 md
acqui si ti on/ di $nhohogeorousr resistaniceudiaysx M3 lincludes| theat low of the
insult in the | 4 h t #ﬂg b S ri-Qut L 0 of
the liquid al o'rﬁgg'?' Eg&?z (E):S ardas %?3% % (ﬁ%‘tcr'i bél}ﬁgé C o@%a%ofgﬁ%gﬁggég I on
of the insult 25ea 443B.heThep gesistance area {43BPrevidessmeregr aph

showi ng the unrkgigtance tdi the Blowboflidigid idBtsksl engtt BfelBbEr the S
oL Pon PTIBHIT heBiBREke" TR0 0P L P Sk 2RRE
acqui si tion/ di sreasut4sh andud4ddCs). Thieé preEhahco® the highat the liquid
ol 4 on SRt SLOICl® ppguced WIRLLE0y | Cr20058 050 il
Fig. 42C i ncl uiesisgtgngen ayraniddd medakisve itritths bow registpnce gyeas
through the |iquisgh Ged I4ACCedsIVinttIn the defr&SEDdH0883 of the
PCT/U8975%4607distribution 482 in the region of the high resistance
area 443B. |
Fig. 42D includes a graph showing the distribution
of the liguid through the liquid flow resistance layer
443 versus the location along the major axis of the
20 absorbent product for the alternative liquid
acquisitionsdistribution structure 500. The liquid
acquisitionsdistribution structure 500 includes the
permeable areas 443D and 443F and the impermeable area
443E. The impermeable area 443E prevents any
25 transmission of the liquid resulting in the zero
fraction of flow through the high resistance layer 443
in the region of the impérmeable area 443E shown in the
distribution area 484. ' '
Fig. 432 shows an absorbent product 510 comprising
30 the liquid acguisitionrdistribution structure 511, and
the absorbent core 512. Fig. 43A illustrates with arrow
heads where the transmission of liquid from the liquid
acquisition/distribution structure 511 to the absorbent
core 512 occurs. Along the periphery of the absorbent
35 core 512 in the regions 514, 515, the liquid is



- 76 - al ong the major axis of the absorbent product for an
alternative liquid acquisition/distribution structure .490. The

acquisition/distribution structure 490 i ncludes a top 41 a .
di stribut W80y 442, and 5 an i nhonogeneous |iquid ro&ﬁ*@é?é?éﬁ7 .

| ayer 443. The i nhonogeneous resi stance | ayer 443 includes the |'ow
resi stance areas 443A and 443C, and the high resistance area 443B. The
hi gh resi stance area 443B provides nore — 77 resi stance to the fl ow of.

| iquid across that area of the 10 liquid resistance | ayer 443 than the

| ow resistance areas 443A and 443C. Theagresence of the_ high
resi stance ar e£¥MMRiQaked diveetly, tar thghapserhent core (212 ALRE area

443 rel ative thdvinhg qyéé:esaﬁ@ﬁeedab aﬁhe hlgﬁ4%sif§i:a4ﬂfé3 1pes L6199, i N

t he depressmnTgSB of the 15 ld| str tion 482.i.n %on f the high
resi stance %faﬁl ce layer's F sE?B?%%ﬁ %£ Wi ng

t he dlstrlbut|mmeventscﬁhertn¢mqﬂ|ﬂrohrqaghgthhﬁaugh(tﬁé(meszstaneace

| ayer éﬁ% Lg} he | ocation along the najor axis of the 20

absor bent produc or e alternative |liquid acqui sition/distribution
structure 500. The Figui4PB showscani absprhents priadncto$29 rireledingoa

LZ;:;Udﬁ the 1igu bilmrwﬁﬁ%ieﬁﬁdﬂé%aﬂhﬁﬁglét@%ﬂdﬁImrmbéﬁ area

: e i nperneable area reven n ransm ssion

ot d resul L PSaFReRE Svee 528" SRrubicBntne nigh SRtiRhrTe TRYRE

resistance | aye¥23143f the liquiaeacqgﬁ.sritabnt/ﬂe.strmmumam estrwatur8ES2hown

inthe 49 dlégé f&%égntﬁée§b§§§b core 36 $§ absor bent
tlon/ strib

product 510 co sin acq UISI ut on structure

511, and *ﬁa%&hﬁ#k@%tléﬁ¢§lg§2 tPFngkﬁﬂﬁIQHEHQQ§Q£P§W¥hP§P¢BﬁF

heads where the tranpﬁysum ShowkJHi dobr @mafnh&‘u'dvﬂlbﬂ an absorbent
ach|S|t|on/d|str|€ ¢0£%$tru turg 511 to the a

occurs. Along tRE® BRLPRELRE 8, Baiont B 3 the aksSRREpEy ons
514, 515, the Iprpdubtsthat cont®Wif8/ ehe0diquid acquisition~

PCT/ US97/ 44607 distribution structure 523 shown in Fig. 44B.

Fig. 44B shows the liquid acquisition-distribution
structure 523 including the top layer 524, the liguid
distribution structure or layer 525 and the liquiad
resistance layer 526.

20 The liquid distribution structure or layer 525
consists of a plurality of aligned fibers spread out in
the form of a layer. The width 527 of the distribution
layer 525 depends upbn the desired absorbent product and
the intended insult. Typically, the width 527 of the

25 distribution layer 525 in the region where the insult is
intended will be at least as wide as the intended
insult, which is typically between about 2 and 10
centimeters. _ '

Fig. 45A is a photocopy of a photograph of a

30 magnified cross—section of the bundle 530 of the fibers
used in the distribution structure in example 15. Those
fibers have round cross—sections. These fibers are not
the preferred fibers. | '



- 77 - communi cated directly to the absorbent core 512 after

havi ng been diverted by the high resistance |ayer 517. The resi stance
| ayer 517 substantially or conpletely prevents the liquid from going
t hr ough W@ 98/89%t ance 5 | ayer 517. - Fig. 43B ¥RIABIZRI607
absor bent product 520 including a liquid acquisition/disttibution
structure 521 and an absorbent core 522 in which the high resi stance
| ayer 523 of the liquid acquisitiondigst+ibution structure 521 10
separates the absorbent core 522 fromthe liquid di stribution |ayer
524 t hroughout the absorbent product. Fig. 44A shows a top plan
view of an absorbenFig. 458 shems 30 @Hskiidution of cghencioss-seritdons

absor bent o 29k« la%re QR s é'*?cé}%&%i’oﬁcg&ﬁ&{&?é in

distribution structure 523 shown in Fig. 44 44B shows t he
l'i quid acqgisiFFBHFﬁFbﬂﬁ-bu;ion_ structure 523 including the top |ayer
524, the Ilﬁw d . giggloatsrc @lidw_l_ﬁl ﬂfg{ lﬁgﬁgﬁ-@éct%dﬁroﬂs Bafidi ke ofi %lhle.d
resi stancg | ayer : . oW istribution structure.or _|ayer
S5 ' A1OB e EPEES wReg dm, tne Hretbiiiies | sbPitERPes o RkRm e 2077
formof a layer. Th&ig.lH45bFEhas tthe dimsstsectbion of al byndle2efdéhends.

upon the desireqralsOrRed B AL g ibutioh Serabeadad jhnay
Typically, the wdth 527 oﬁ'the 25 |%f$? %tion ?a er S%S'i t éerégion

¢ n
where the insult isFig. 463 shows a,igyosisecrign:ofsaybypdie ofe the ended
insult, which ifSHers aalidd/ irettire anditibut i dbructure SAnkikEmpdes 21.

Fig. 45A.,i.s a phot ocapy of hot ograph of a 30. _nmagnified.cross-section
of the ba'ﬁ)dl e 530 o%%t%‘e ﬁq% vs é){%%%—ﬁ?ﬁcgﬁ%nd?gt Pi hﬂf‘fig'ﬁ 3 r3: Sure in
exanpl e 15. Thdéddbers usdd Hav £he\distuributiossstzucturne. ifhexampliee22.ar e

not t he prefer fi-her, s ias
PCT/ US97/ 14607 ffﬁi dfﬁaéhows a tOﬂM}fg%OJQQQ of an acquisition~

distribution structure used in example 28 which includes
the region 530 included in the distribution layer. The

15 region 530 has a width 531 of 2 centimeters and a length
532 of 16 centimeters. Further, dashed lines 533 and
534 indicate the length of a 4 centimeter wide insult
region 535.

Fig. 47B shows a section of the acquisition~

20 distribution structure 540 used in example 28 including
the distribution of fiber bundle layer 535, a top layer
536, and a liquid resistance layer 537. The liquid
resistance layer 537 includes a liquid permeable section
538. In the liquia acquisition)distribution 540 used in

25 example 28, the top layer 536 and bottom layer 537 are
formed from Dri-weave® (a perforated polyethylene £ilm)
and the impermeable section 538 is formed from a liquid
impermeable polymer film.

Fig. 48 is a schematic side section view of an

30 alternative absorbent product of the invention showing a
liquid insult 550, a top sheet 551 directly above a
liquid acquisition-distribution structure 552, and the
absorbent cores 553 and 554. Adjacent to liquiad
acquisitionrsdistribution structure 552 and on.either

35 side thereof are absorbent cores 553 and 554. The

)




- 78 - Fig. 45B shows a distribution of the cross-sections

of fibers used in the distribution structure in exanpl e 18.

Fig. 45C ghows the cross-section of a bundle of the 5 n the
di stributi WPt ure in exanpl e 20. Fig. 45D shg@éﬁF%%&amb
cross-section of a bundle of the fibers used in the distribution °
structure in exanple 19. Fig. 46A shows a cross-section of a
bundl e of the fibers used in the distrA%ution structure in exanple 21.
10 Fig. 46B shows a cross-section of a bundle of the fibers

used in the distribytion structure Jin _exanp 47A shows
a top plan vi enidERAf aEaHF§FFPGﬁVﬂ15trih%ﬁ%QQNRFEFPE?FBCFHFS“%§E&q n
exanpl e 28 whi cheghiohedss5 and &5 mwm@ﬂoemmemenabberﬁemrl huti on

535 of 10 centi REFSPs. Eiupil replatenay delers Ry ARA5eH deall.",
length of a 4 cpnrtht'léy hetweens the absorbanj ocro¥es. and the liqudidy. 47B
shows a segtlondggtggguiggulagify%lé%ﬁj dﬂé“#S#“%#&n ggr g&g&etiﬁp used in

exanpl e 28 incl t1on e | ayer 535, a
top | ayer Sﬁldaﬁ@ ﬁhﬁl&&5&%&9&?&Qﬂu&?¥%&e$5%3?° ?HEePFqGN$ so
resi stance |ayeth5ﬁ7th&0|lli§&ida Yiges aie dbLoEbeht OBore al ongBa I n the

liquid acquisiti s i on i.n e

536 and botton1F§§3% §%%a§ré gé; Q€f¥hﬁi??%%RT}?“E@%@SFe%S? %bgﬁﬁ%ﬁg¥
pol yet hyl ene fi the absorhmmt1dnresnxﬂ2n§£iqnsenfltheSGsstsihmhiamf

l'i quid | nF@p di F qméphenatlc

si de secti 8n vrgs arl?%:??g@ iterfnlgnlr vreesa s%ar' %ﬁtig uct aof t he

i nventi on show Afsgrbent qorg,iin ordsxR e OLlmRre¥e ﬁﬁe@lﬁgflmnr whbove
a liquid sheuldiguian/ dirsus btmié)rufétrmwgoﬁwayaﬁdmabebe split

2cqui o111 o/ di sEREBEYen By, AR eAh FE e P 18YeTS AR oot are

absor bent cor esub8@ramd d¥ferente one of Whestwgogbsorbent cores. -

PCT/ US97/ 14607 The distribution layer may be formed from a
helically crimped spontaneously wettable fiber tow or
the bundled tows described herein that are divided into
two sections on each end of the distribution structure.
These two sections are separated by the liquid

20 resistance layers 557, 558, which may be formed form
thin plastic film. This separation of parts of the
distribution layer by the liquid resistance layers 557,
558 allows part of the liquid to be transferred from the
insult region to the absorbent material close to the

25 insult region (fibers on top of the ligquid resistance
layers 557, 558) and part of it to be transferred to the
extremity of the pad (carried by the fibers on the
bottom of the liquid resistance layers 557, 558). The
resistance layers 557 and 558 could also be made from

30 the same material as that of the top layer (e.g. Dri-—
weaveO) and could extend the full length of the
absorbent cores 553 and 554.

The structure of Fig. 48 may be used in any
absorbent article. Obviously, the size of the piéces

35 required depends on the article of choice (i.e. feminine



- 79 - liquid acquisition/distribution structure extends to

regi ons 555 and 556 that are beneath the absorbent cores. Liquid

resi stance | ayers 557 and 558 at | east partially between the absorbent
cores anGybbgotepsitid 5 . distribution |ayers sections 555 aegdnisofn4sot ow t he
liquid in the distribution |ayer 552 to spread out so that the liquid
| npi nges the absorbent core along a substantial l'ength of the_bottom
surfaces 559 and 560 of t he absorben% cores. Portions of the

di stribution layer 10 may be between the f|OMIFESIStanCE | ayer and the
absorbent core in order to inprove the distribution of the Iiquid.

Thus, the di Stxﬁéﬂdih"ﬂr' 418pebRyebe. spl | fthe sp édﬁtﬁé Woleweres end each of
the two Iayers ext er.ent one of the t absorbent

cores. sp°*r§enapgmbwﬁfdcsﬂbﬁsyé:ﬁ> 0 RHLY EegRon SRORER cal |y
crinped spontaheohetveaatsaaha Vsbeb/gmw OfThe abédrbéntm&aﬁbtstsrdgécr|bed

nereln that argaflyidydsb"Ftuse ot 283 LR bENELQEe SgthFI qui d

distribution s '1°0ns™are separate
20 resiBtancer| ehemically tseated celinlase maymlserhe used.t hi n

plastic film This pggargbi QﬂoﬂE Bﬁb‘bﬁe&‘f allh?ernatlvé“ééﬁb@ﬂﬁxéﬂﬁ b2Y€heby

the liquid re5|ﬁ§ ge | ayers %Bé of .the [iguid to be
transferred fr® ent r°PH§EIPfrgﬁﬁbﬁqﬁ§QHﬁ3¥ﬂ) o fRieRigh close to
the 25 i nsutheregare threer £low rqsxﬁtaﬂusIlayarbrbslcﬁaeaeh of the

| ayers 557, 55 r f remty. of
t he pad carr|§§ gQQFﬂ@ Fogers o#ﬁt afﬂﬁ%ﬁ;ﬁ?% (Nncﬁét %y?rs §¥%é5|stance
| ayers 5%9, 55§5‘>7BThénd 557Cr exttengnyanious slezzgtrmcb@ssa‘ébumeal so be

made from 30 abB8erpan® EBE@VH%|o%ﬁéﬂ“ﬁo‘ﬁoﬁé“hﬁiﬁbfﬁW?rdigtﬂlbﬁfb the
weavel[err]) anflcould extend th g fuI | engt h o rbent cores

553 and 554. PO 948°frra*§h%eala§%’abﬁﬂtaﬁ9re
absorbent artiBba. Opurthelry, thbehﬂthbmﬁlidu:dnrﬁsisfﬁhcerEaYeredsdepends

ggT;ngg;azgg$mQ§ Bgoigﬁugd 3mpé?ﬁé¥ﬂ¥% in ordé¥)€§482398nt 11qu1d

15 from escaping from the absorbent product.
Significantly, the distribution structure of the
absorbent product shown in Fig. 49 splits into three
separate layers separated by the layered liquid
resistance layefs beneath each absorbent core in order

20 to provide uniform distribution of the liguid to the
bottom surface of each absorbent .core.

Fig. 50 shows still another alternative liquid
acquisition/distribution structure 560 which includes an
insult region 561, and a distribution structure that

25 distributes the liquid away from the insult region S561.
The liquid acquisition-distribution structure 560
includes the tows, 562, 563, 564 that have different
lengths. The tows 562 extend from the insult region 561
to points directly above the liguid flow resistance

30 layers 565, 566. The tows 564 extend substantially only

" the length of the insult region 561. The tows 563
extend underneath the liguid flow resistance layers 561
and 565, and extend beyond the ends of those layers.
The different length tows are useful ‘in distributing
35 liquid to different distances away from the insult



- 80 - napkin or diaper, etc.). The specific volune of the

spont aneously wettable towin the insult region should be between 5
and 75 cc/ The absorbent core storage material is

al t hough VB&@W&?"%f fluff and SAP 5 or chemically treat ed%@ﬁﬂ'@g}lfﬁay

al so be used. : . Fig. 49 shows anot her alternative enbodi nent ‘of the
absor bent product of the present invention in which there aré& three

fl ow resi stance | ayers bel ow each of the- 8 —absorbent cores. The liquid
resi stance | ayers 557A, 10 557B, and 557C extend various | engths beneath

t he absor hent, core jin orde unj for dl tribute_t
liquid to the BSGHSH gﬁ‘ qﬁéﬁ’f)ft %&%sg?%e 1st 5+§u£10n 8§3Eﬁﬁurt her,
t he bottom | i quiddpaiesitx ethna abgmbé'ﬂ?ccore (maty shownqindFigpebopambee n

order to preve If%t - 14t 8RS 415&)%1 M;euggﬁg gggae?r 8?“3511{1

Significantly, tlon struct produ

shown in Fig. lé‘bl H%tﬁif% qurved ins %%‘E)a‘?ﬁt%t¥%§15h§ sePheacuyvBFuree

Izgyerted ||5qu!gof tl%é eﬁi%i@tmblmt if)ew@ét _fsseesgviabitefﬁbembcaeignts{lmrder
O provi uni formdistribution o e |liqui o the ottom

surface of eac&%ﬂm n%eere matétiall Fig. 50 shows still another

alternative |iqui d In stnrnmmthm/vh:siati)m; obthetreuatrear thbéé tbwshin

i ncl udes an 08 S b t t at 25

di stributes the b UI d avva"w%rom e ns%??lqa {:ﬁé E%%?Pai ke {#Eg }ang d

‘acqui si tion/di 9%9 t#@ﬁ%t?%%r@‘%@)ﬂe of the| oBhsrt wot §RWS . 56Thess3,
564 that jfave cllaffg?éler&entral t@@gp:hévla’ae 40p5i56d 95icﬂﬂdmf iamchae i nsul t

2000 0Lt A S BRSO R SR,
of the insult H@g&omtfﬁntuﬂmelsomseﬁaﬁn a femimipednapKéneeath the liquid
hose! Fayerance [ty 5%h o ¢ PehiRi2 0B U Drfande B 1ok O
liquid to diffcIRIRTRRRE AEELCIOS fpmlt!ﬁ*éwngﬁ@pple 29 fpcvydng7¥he
PCT/ US97/154607 absorbent article 570’s top layer 571 and indicating the
location of the distribution layer 572, the location of
the aperture or low resistance regions 573, 574, and 575
of the resistance layer 577 (see Fig. 51B), and
including the arrows 576 illustrating an intended liquid
20 flow pattern from the region of the top layer 571 above
the aperture 574.
Fig. 51B is a partial side sectional view of the
absorbent article 570 showing the absorbent core 578
below the resistance layer 577. The apertures 573 and
25 575 are larger than the aperture 574. The absorbent
article is designed to receive a liquid insult above the
aperture 574, and to evenly distribute the liquid to the
core through the three apertures 573, 574, and 575.
Additional apertures may be provided in the resistance
30 layer 577 in order to provide a more uniform
distribution of liguid to the absorbent core 578.



- 81 - region 561 in order to nmake the distribution of the

liquid to the absorbent core (not shown in Fig. 50) nore uni form

Vari ations may be made by using pieces of thin filmthat are curved

i nst ead oWwosgsra®0ght . The curvature 5 of the films can c®CIEHEI7T/M0Ess to
various |ocations in t he absorbent core material. -l n st
anot her variation, there are three tows in the distribution-structure
and the central tow may be about thrge tinmes the size of the other
two tows. The 10 | arger central tow provides a raised portion in the
structure which provides a better anatom cal fit when the structure

i's use]g in a f @xafiples aptiar Fibers, Bundids &id\ Sp i:imé:edseng 8 ic tOthl fig
view of an en r ti mpl e showi ng t he
absorbent arti axaﬁ%?(fgl éﬂﬁéﬁ%@%@ ﬁ)ﬁ’d %ﬁﬁg t he | ocat.i.on - of
the distribution | ayExanpla Ildasanxhesnthﬁ producth@na@éranrundraWnM/ '
resistance regld&}&;@&&u{% % rn usesf}gltﬁ? b@a$é ABELu b és5%§r(see

Flg 51B) and I nc e arrows ustrating an | ende
liquid 205  f=5ranaedttransRanth ©F JiBrids- | HEhe YAYRy:F Sonpasedeof
the aperture 54 individual fikkrs,lRdch hPeindgoa w+skapedt cp88k~Vi ew of

t he absorbe artigle 570 ShOMA the abs en e bel ow
t he resistance $ac§:telr J:ﬂ"l' aepeeretq}} ??3‘92%’ .Ilmg% 3?é§F§r 8& t han
the aperture 57A40°,THe%hs @risbrik25°. Thﬂtt@ﬁuﬂt;ﬂ@eﬁl@ﬁédhas threeve a
liquid insult abighdlie, two of‘RﬁI ¢ Card ‘ap ﬁP@xiﬂaﬁéfjg' ¥q€b§t ihb%athhe

liquid tog the core throu e, three aperture and 575
Addi ti on® aperdfift &F S ‘bié'-lb d'ettlhfcﬁ GhRnReL; E?hﬂ%esééghtllfa}GFSS?'?‘ in

order to provi deicgthEed lard) m distribution of liquid to the

absorbent core 578. 98/ 07909 .
PCT/ US97/ 14607 Poly(etﬂmiene terephthalate), éEET), polymer having

an inherent viscosity (IV) of 0.75 and containing 0.2
percent titanium dioxide (Ti02) was used in preparing
15  this yarn. Throughout the specification all IV values
are measured in a 6040 parts by weight solution of
phenoltetrachloroethane at 25°C and at a concentration
of about 0.5 gram of polymer in 100 mL of the solvent.
The polymer was dried to a moisture level of less than
20 or equal to 0.005 weight percent in a Patterson Conaform
' dryer at 120°C for a period of at least 8 hours. The
polymer was extruded at 280°C using an Egan extruder
having a 1.5 inch (38.1 millimeter) diameter screw of
length to diameter ratio of 28:1. The polymer was spun
25 through a spinnerette, numbered as 1I-1195, containing 10
individual orifices. The details of each orifice and
the general layout of the spinnerette holes are shown in
Figs. 1a-icC.
The fiber, which had an IV of 0.69, was spun in a
30 spinning cabinet having a cross flow air quench system
using room temperature air at a velocity of about 51.8
meters/min. The individual fibers averaged 123 dpf.
The yarn was taken up on a Leesona winder at 1000 meters
per minute.



Exanpl es 1-14: Fibers, Bundles and Spinnerettes Exanmple 1 (110/125/125

Y, PET, EGAN) Exanpl e 1 describes the production of an undrawn
conti nuou&ofgb} agggnt yarn useful in bundle structures for Spernaonagesd
transport of liquids. The yarn is conposed of 10 i ndividual fibers,
each having a Y-shaped cross- section with three equal arns and

I ncl uded angl es of - 110[err], 125[err], and 125[err]. The resultl ng
fi ber has three - channel s, two of whigsh —ar e approxi mately equal in

wi dth 10 and area, with the third channel being slightly |ess |n

w dt h and ar ea. Pol t hyl ene terepht.hal P

havi ng an i nh&r 5??1"“9?‘9@0&"??12&?%% a%?]drﬁfflgo%tgﬁ E#%&%IP

percent titani devdilonfde.(T Percent usdnhg a weyEricdkisdss rolhljng'ar n.
Throughout they, khea | val 0/.40
parts by wei ght Egg ut1on Eh?ﬁn%lt eE:\{ﬁ: no;i?lt%etrac?l oroeﬁ%ne g‘? aﬁd at a
concentration Percenys sgddds @va&egr &hsa:rerpﬁﬂanef |1-Trbel(ﬁplﬂ-_°‘€)1n§ he sol vent.
The pol ynsr Wa%od\b'o?a@n‘t%-a o Seight Peiceiit |RSutha or equal to

0. 005 wei ght per Patters naf orm ryer_at 120 err]Cfor a
period ‘of at Fﬁ’g‘ﬂ§ Yiehe 9 Y""'O%'poqf v%&reé?(}t%@]e%t frr]c
usi ng an Egan memgm‘.epercent s ide q:o]l}&thydker(éagllymll (mpr) di anet er

hr ough a spi nRSTRLLT et (@RI Mledl detd Moy Ea TR abRe

orifices. The Persent @Plédéh pelyethylene glycol h@%héﬂ%ﬂml@}mteof t he
SpI nner eype hOWg&%‘éﬂ fidtty acididterdyy nd 1.8 weig htTﬁérééﬁﬁr

whi ch had an | 4S§,=>e[tg sg{gg,{‘yélaréoom ’Ié?%!bn Kegalfatas {alBeioci 1y

cross flow air &
of about 51.8 quatermahryr sfmioniuihesalidiof dirdrdariise sesverpged 123 dpf.

The yarn was taken ‘Apt%i%aliepf%% @%_ﬁc@mlﬁﬁg%&%oeper m nut e.

WO 98/ 07909 _
- 83 - example 1 is shown in Fig. 2. The generalized version

15 of the shape of the cross—section is shown in Fig. 23.
The fiber’s cross—section properties were measured using
fiber photomicrographs and a standard image analysis
procedure. Liquid movement properties of fiber bundles
and single fibers were measured ﬁsing a special fiber

20 wetting instrument shown in Fig. 27. This instrument is
equipped with a video camera system capable of tracking
the advancing liquidrair interface and determining the
initial wetting velocity. Yarn specific volume was
measured using a test method described earlier. Single

25 Fiber Bulk PFactor was calculated accbrding to the method
described above. The 8-fiber bundle maximum potential
flux MPFg is calculated according to methods described
in conjunction with Fig. 27. Single fiber Specific
Capillary Volume (SCV), Specific Capillary Surface Area

30 (ScsA) and slenderness ratio are calculated according to
methods described in U.S. Pat. No. 5,200,248, Single

- fiber maximum potential flux MPFg, is calculated
according to methods described in connection with Fig.
27. Average denier per filament was determined from the
35 laborétory fiber cross—sectional area and the polymer



A spinning lubricant was applied to the fiber at a | evel of 0.77
percent using a ceramc kiss roll just bel ow t he cabinet exit. The

| ubricant is a 10 wei ght percent solids water dispersion of the

f ol | owi nW@®I8/H0790% nponents: 10 wei ght percent sol uti on of PCT/US7/14607 .
pol y[ pol yet hyl ene gl ycol (1400) terephthalate], 44.1 wei ght percent
solids pol yet hyl ene glycol (400) nonol aurat e (oxyet hyl ene fatty acid,
ester), 44.1 weight percent solids_ yet hyl ene glycol (600) '
nonol aurate 10 (oxyethylene fatty acid ester), and 1.8 weight percent -
solids 4-cetyl, 4-ethyl norpholiniumethosulfate (alkyl guaternary. -
amoni um sal t geinditeg/ Jafine 6! Yactor”" is caldhiMUL HcddR@ing €5SLRECT I ON

for a fiber of exanmple 1 i-s_shown i.n Fiq. 2. The generalized versi.on
15  of the m&@%ﬂ%%s&é&%ﬁ*&%gﬁﬁr iﬁv%—%?z%%;_ . "The -
fiber's cross-sect iKibgy G tligfuite movenamtt askopertiies arefader
phot om crogra% a2 standard i mage anal ysi s : procedure: Liquid
nmovenent properties of fiber bundles and single fibers were. neasured
usi ng a $peci F-Faakor 20 wetting instrunghi2khown i¢imensionlessghis
instrument ispenier L ppehmidth @ video cajfa systegpgapable of tracking
t he advanci ng quuid ,%iw'r Iinterface and determ ning the - initial

wetting vel ociF IR @G0l ume was 332 easPEFEFAREng a test
met hod descri beccheamekrl @inglFLgR5 2) Fiber Bul k Factor was cal cul ated

according to the ]'P:E; A cri bed aboy, The 8-1j ndl e maxi mum
potenti al ux]h%gl’%t}f s(ac‘%e;’u’l at ed acco%'ll ng to rrﬁle?ﬁ% sgdescri bed

in conj &ttion hanmely 2 2(x,,SiBig &) i ber Specific Capi |l l ary Vol une
(SCV), Specifigpdeiid afdrum f@Ce. g8 ea 30 5 (HESA) andesggnderness ratio

are cal cul at ed accordj nr?_ to . ethods described in US. Pat. No.
5, 200, 248. Si nglFFansdenien £engion, m potential flux MPF[err] is cal cul at ed

according to reinylls fhsexr idwshi n connecti omey3hiFi g.microns27. Average
deni er per filgn vas, det ined fromthe | abg pi ber
Cross-secti ona#jl ea ana&tehéé%% ymer %5@90790'@?&9&‘5
PCT/ US9A514607 channel area ' - 84 - '
Single. fiber channel 10,492 microns?
area for flow -

Single fiber percent 0 ' percent
channels <300 micron width
20 Single fiber bulk factor 7.83 dimensionless
Single fiber total perimeter 1811 microns
Single fiber specific ©3.21 cc/gm
capillary volume _
Single fiber specific 577. cm?/gm
- 25 capillary surface area
Single fiber slenderness 25.3 '~ dQimensionless
ratio ' |
Specific lig. movement force 0.0458 dynersden
Single fiber initial 34.1 nmn/sec
30 liquid velocity
8~fiber bundle initial ~ 70.0 mm/sec
liquiad Velqcity
8—fiber bundle maximum 0.2701 cc/(den*hr)

potential flux
35 Single fiber maximum 0.0210 cc/(den*hr)



density. The "X Factor" is calcul ated accordi.ng to the met hod

described in U S. Patent No. 5,268, 229. Fi ber and liquid
novemnment es are as follows: 5 X- Fact or

1.21 @QI n’@?@%’onl ess Deni er per filament PCféUgWIM.GM. dpf
Channel wdth (avg.), 332 m crons channel 1 (x[err],
Fig. 2) Channel width (avg.), . 537 m crons 10

channel 2 (x[err], Fig 2) Speci fi cc &% ume @0. 05 5. 58

cc/ gm grani deni er tension Single fiber area .
10, 311 m crons2 . .Si.ngle fiber total 80, 770 m crons2
15 channel BpP&gntial fg le fiber channel ' 10, 492 '
mcrons[err] Single fiberf swerfliesl rise Sing@eegi ber pemcent ' 0
per cent Q ehg 5 gp m cron wi dth 20 Single fiber bulk factor.
7.83 dlnen5|on Single fiber total perinmeter 1811

m crons Bunglle Meb‘@ﬂ-cgﬂemlfsi% after FH 04 @’/ gm . :
capi |l arygvol uneyg min Single fiber specific 577 cn{err]/g
25 capillg&* surface area Singl e fjber slendgrness, 3
di nensi onl ess Feutio specific |it#-%ovene 1W%P§é°nbe§§58
dyne/ den VBpAURg,f i ber initial 13&61 diménetonless
liquid velocity 8-fiber bundle initial 70.0 nm sec
liquid velocity 8-fi ber bundl e maxi mum 0. 2701 cc/ (den*hr)
potential flux 35 Fig.n@3%e shows angeneralized version2ad thecEibewn*hr)
WO 98/ 079@9 cross—sections. PCT/ US97/ 14607

Example 2 (KNOBBY U, PET, HX)

This example describes the production of an undrawn

continucus filament Yarn not very useful in bundle

15 structures for enhanced transport of liquids. The yarn
is composed of 22 individual fibers, each having a
“knobby” rectangular U-shaped cross—section. The base
of the rectangular U is longer than the two equal arms
forming the sides of the U, and the arms extend from the

20 base at included angles generally greater than 90°. The
fiber has a single large channel.

Poly(ethylene terephthalate), (PET), polymer
having an IV of 0.70 and containing 0.2 percent titanium
dioxide (TiO,) was used in preparing this yarn. The

25 polymer was dried to the same moisture level using the
same equipment as in example 1. The polymer was
extruded at 270°C through a Hills R & D Extruder

: (designated HX) having a one inch (25.4 millimeter)
diameter screw of length to diameter ratio of 24:1. The

30 polymer was spun through a spinnerette, numbered I-1111,
containing 22 individual orifices. The details of each
orifice and the general layout of the spinnerette holes

. are shown in Figs. 3A-3C. :

The fiber, which had and IV of 0.63, was spun in a

35 spinning cabinet having a cross flow air quench system



- 85- potential fl ux Single fiber vertical rise 3. 65

cm after 15 mn . Bundl e vertical rise after 6. 04 cmb5
15 mn MPF[ err] MPF[ err] 12.8 di mensi onl ess -

VR er r | VIY@98}7909 1. 66 di mensi onl ess PCT/US97/14602 9. 23
shows a generalized version of the fiber 10 Cross-sections. :

Exanpl e 2 (KNOBBY U, PET, HX) Thi s exanpl e descri bes the
production of an undrawn. conti nuousggi Lament yarn not very useful .in
bundl e 15 structures for enhanced transport of liquids. The yarn

I s conposed of 22 individual fibers, each having a "knobby"

rect angul ar LLshhngdrObﬁSSeﬁpﬁfaﬂnreTherbatea veloc&tytbt nectgangul ar U is

| onger than t I e and the.
arnms extend fpﬁﬁ#%% gﬁ a%ggesg%n %8u §9§ es ge%@%&ﬁi&gﬁ%ﬁﬂ r than
90[err]. The applleﬂlberthasfibsrngtealAegclcninﬂsﬁ3 percent using a =
Pol y(ethyl ene terggbehalgkeloliPiike PRLLIEthe capifidt Bl |\ O 70 and

containin gerc nt ti t I QXI was used i n pr eparl ng
this yar The qivi HGFyﬁéPeﬁﬁswﬁFPeastQPFhe R Yags ¥as: Gakan YRiPR the
sane equi prrentaaseeaonaawnhaei athaopol ywetersaper mimmetrUd!ed:ﬁiéﬁ)C

(5 i 1 | et Bi5ef BeBSRLHABE son, sp, GRERRIAR ol 2 ill” SR 000, |
The 30 pol yaertied ppopertiessghnd @pqnndrmpwgmannﬂmmomtntnggjfor

cont ai ni ng 22 éﬂ!ﬁ?!éd!'&b&é' Bhae%-f’{%@rd%ti@érs b%daw vere médsirés and
t he general | ayouy he spi nnerette holes e shown 1 n- Figs. 3A-3C

The fibet? whi BRART thSd Spgepeghpds ﬂésq§§5¥¥h?Qa¥§5exa@ﬁiﬁwﬁﬂg cablnet
having a cross fl owrFdibergafdciiguidemovenent properties are as

follows:
X~Factor 1.52 dimensionless
Denier per filament 96 dpf
15 Channel width (avg.), 365 microns
channel 1 (x,, Fig 4)
Specific volume @ 0.05 2.70 cc/gn
gram-denier tension , :
Single fiber fiber area 8,046 microns?
20 Single fiber total ' 24,352 microns? -
channel area
Single fiber MPF effective 9,140 microns?
channel area
Single fiber percent 1] percent
25 channels <300 micron width
Single fiber bulk factor 3.03 dimensionless
Single fiber total perimeter 1379 microns
Single fiber specific 0.60 cc/gm
capillary volume
30 Single fiber specific 878 em?/gm
capillary surface area
Single fiber slenderness 85.7 dimensionless
ratio _
Specific liq. movement force 0.0447 dynesden

35 Single fiber initial liqguid 22.3 nn/sec
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- 86 - - using roomtenperature air at a velocity of 12.8

neters/m spi nning |ubricant of Exanple 1 was t he
fiber até%%%%&ﬁbof 0. 63 percent using a ceram ¢ Kkiss ro%#ﬁ bel.ow -

the cabinet exit. The 5 i ndi vidual fibers were 96 dpf. The yarn was
taken up on - a Leesona wi nder at 1000 neters per mnute. A typlcal
fiber cross-section is shown in Fig. 4. -Fi®%kr-cross- section
properties and |liquid novenent properties for single fibers and
8-fiber fiber bundles were neasured 10 usi ng the sane nethods as
described in exaff ty . Fiber and |iquid novenent properties are
as fol | 08sfiber buXdiactinritial 54.0 insgec

di mensi onl ess . i | ament ' 96 - dpf 15
Channel wi dth (a119fggpwgldgi 365 m crons channel 1 (x[err]

Fig 4) Sﬁe-tﬁlﬁe(r wingde @ecciggun B39 ce¢diden*hr)

gram deni er tensbﬂ%entlal $ret e fiber fiber area 8,046

m crons[err] 20 l.e flber t ot al 352 n1crons[err]
channel area rél hex; mAXAMWIE of fect i ved- 01*-94 140 ccs(dgnEhBhs| err ]
channel area - poﬁﬁﬂﬁﬂa11£ﬂux percent . percent 25
channel s <300 }g dth Single fiber buI@ifgétor 3.03

di nensi onl ess i #§l e fiber total perineter <13 m crons
Single fiber sptﬂ*ﬁﬂﬂicnless 0. 60 ccgm capillary vol une 30

Single fiyger smgflé: flber vert‘.317 1 cniegrdg/ gm cm capillary
surface area |ber ender ness .~ di nensi onl ess

ratio Spemqﬁﬁflgkf .force 0.0447 dyne/den 35 Si ngl e
fiber initial IBundXe ve¥tital r1sﬁm1sec 12.9 cm

after 15 min
VRgVRgp 4.98 dimensionless
15 ' |

This bundle is not a good liquid mover.

Example 3 (PLUS, PET, EGAN)
This example describes the production of an undrawn
20 continuous filament yarn useful in bundle structures for
' enhanced transport of 1i§uids. The yarn is composed of
13 individual fibers, each having a plus—shaped cross—
section consisting of two opposing pairs of arms that
form four 920° included angles. Each opposing pair of
25 arms is of egqual length, but the two pairs are of
different length. The average width and area of the
four resulting channels are approximately equal.
Poly(ethylene terephthalate), (PET), polymer having
an IV of 0.76 and containing 0.2 percent titanium
30 dioxide (Ti0,) was used in preparing this yarn. The
polymer was dried to the same moisture level using the
same equipment as in example 1. The polymer was
extruded at 280°C using the same extruder as in
example 1. The polymer was spun through a spinnerette,
35 numbered I-1199, containing 13 individual orifices. The
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- 87 - vel ocity 8-fiber bundle initial 54.0

nm sec liquid velocity 8-fi ber bundl e maxi num 0. 0839
cc/ (den* WP 9807909 potential fl ux Si ngl e fiber nmaxi nBET/US97/14607

0. 0154 cc/ (den*hr) potential fl ux MPF[ err] MPF[ err] _
5.46 di nensi onl ess 10 Single fiber vertical 2.58~ cm
rise after 15 min Bundl e vertical_rdge. 12.9 cm

after 15 mn 4.98 di-mensi onl ess 15
This bundle is not a good |iquid nover. Exanpl e 3 (PLUS, PET, EGAN)
This exanpl e detaliilkeost fyadar QAT AHa he Yh¥a P01 ayo @G NERES
filament yarn useful | e structures for en anced transport of
liquids. The ¥ 3’3’&)8’? sy@re showm in, Figsn A2 Bers, each having a

pl us- shaped cross 'I.'he fikeagt wnr:.amrlfacktamgt\bfoﬂvm.smpmasgspahrﬁnother'rrs

grﬁ;[s i s of equsrs;n;ﬁ e%:?ﬂ%%ll%%catﬂr}q%@m% arrs arﬁ{moppﬂ?%n%erenf engt h.

The aver &ge wisfemcin d' eonityf wak 36.6 metrrssring t | e cPREMRIRTar e
appr oxi mat el y 1eptdlcant of . Exam 1%3':)/(&1&135 @rwh&mlﬁisér 4bH)

pol ymer havin and, co a|n|n perce t tltanlun130
oG (5 boeyes pfbiab Bensant, Juie bt e adu LRSS ot &

dried to the exampi® st.ur @Heemidmdlgal he&ibers awnged]ulqb&edpfas The
exanpl e 1. The,q| wim off 8 1Ll AMEL A€ 66 WetlEsoBER
extruder as in exanp P ol ymer was 'spun through a spihnerette,

35 ndfoer edimateg contalnlng 13 i ndi vidual orifices. The _
A typical fiber cross-~section is shown in Fig. 6.

The general version of this shape is shown in Fig. 20.
Fiber cross—section properties and ligquid movement
properties for single fibers and 8-fiber fiber bundles
15 were measured using the same methods as described in
example 1. '
Fiber and liquid movement properties are as -

follows:
X-Factor : 1.26 dimensionless
20 Denier per fiber . 38 apf
Channel width (avg.), " 333 " microns
channel 1 (x,, Fig 6)
Specific volume @ 0.05 4.28 cc/gm
gram-denier tension
25 Single fiber fiber area 11,570 microns?
Single fiber total . 77,083 microns?
channel area . .
Single fiber capillary ' 22,156  microns?
channel area for flow
30 Single fiber percent 0 percent
channels <300 micron width
Single fiber bulk factor 6.66 dimensionless
Single fiber total perimeter 1953 microns
Single fiber specific 2.77 cc/gm

35 capillary volume
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- 88 - details of each orifice and the general |ayout of the
spi nnere are shown in Figs. 5A-5D. Thepétbgémagdy ch had
an. 1V of%%sgggkﬁgs spun in the sane .spi nni ng cablnet as ?% exanpl e 1.
The cross fl'ow 5 quench velocity was-36.6 neters/mn. The spinning
| ubricant of Exanple 1 was applied to the fiber at a | evel of 0.99
percent using the sanme equi pnent as i'n — 89 —exanple 1. The individual
fibers averaged 138 dpf The yarn was taken up on a Leesona w nder at
500 neters per A typlcal fiber ross-section is
shown . in Fig. §1ngle fl?ﬁg §B9SiELS er si on ot ¥t s shaﬁ@ffémﬁhomn in Fig.
20. Fi ber ea@aala&qtea&fhm@pewbaes and |iquid novenent -
properties for n er fib o ndl es %E [ neasured
usi ng the sanes%eg% %5% %3 F%b%EEA% gexgﬁple 1. ens{%hfés%iber
and liquid nnveninﬁqm%nxwtles are as fol | ows: . X- Fact or _
1.26 sdi me iie@l'ﬁ%s 149, m&?ee?de%rt Rrdd PY.0441  aynesdén dpf
Channel mndth % m crons channel 1 (x[err],
Fig 6) S éa%mec %%en@téaés 4487  cdMpfeec
gram deni er tensildegudd veldoidlye fiber fiber area 11,570
m crons[err] s i I i b tot 77,083 cronsf[err]
channel area 8 flb% 87“3'4]1 g}" a"1Iary 68. 922 1567 g&cronsz
channel area for Miawidelocdityl e fi ber per cent per cent
channel s 35300 '@-‘fﬂﬁf’“ﬂfﬂ&le maxiahii@! © i berg bi’i&‘zfaCt@é/(den*ﬁrSSG
di mensi onl ess fiber total perineter m crons
Singl e fiber speQQ§QFtla fluy 77 cc/ gm 35 caplllary vol ume
Single fiber maximum 0.0607 cc/(den*hr)
potential flux - _
MPFp/MPFgp 3.20 dimensionless
15 Single fiber vert1ca1 5.85 cm '
rise after 15 min . _
Bundle vertical rise after 7.88 cm
15 min _
VRg/VRgp 1.35 dimensionless

20

Flg. 20 shows a generalized version of thls cross—
section.

Example 4 (SKEWED PLUS, PET, EGAN)

25 This example describes the production of an undrawn
continuous filament yarn useful in bundle structures for
enhanced transport of liquids. The yarn is composed of
11 individual fibers, each having a skewed plus—shaped
cross—-section consisting of four arms of generally

30 unegual length that meet to form four approximately 90°
included angles. This results in four channels having
generally unegual widths and unequal areas.

Poly(ethylene terephthalate), (PET), polymer having
an IV of 0.76 and containing 0.2 percent Titanium

35 dioxide (Ti0,) was used in preparing this yarn. The
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- 89- Single fiber specific 1121 cnferr]/gm

capillary surface area Singl e fiber slenderness. 19.0

di nensi oweee8207909 ratio 5 Specific liqg. novenent f eorarsoddsozl
dyneden Single fiber initial 42. 7 mi sec .
liquid velocity 8-fiber bundle initial 68.9 nm sec

liquid velocity 10 8-fi ber bundl e maxi num 0. 1942 cc/ (den*hr)
potential flux Single fiber nmaxi Fuf® — 0. 0607 cc/ (den*hr)
potential fl ux MPF[ err] MPF[ err] 3.20 di mensi onl ess

15 Si ngl € gfﬁ?ﬁ\s ¥-© (v%fsc @gd:rug.leg{g at5 2%% ° é:musincgmthel farlﬁ'en reix Sk etz('a rats1 5 mn

Bundl e vertic . .
VRl err]/ VR er ip example 1. The polymer ¥&s spunjithaiginiaess 20

Fig. 20 ShOWSE%ED PLe%'t'ezeﬁ a”IQ-fnb'%' /> rftEinin ]I%?SCI’I%GS the |

Exanmpl e 4 (SK US, PET, EGA hi's e

producti on of XA Ed@Sawn The de HGbE?thQ£ﬁ§ﬁ¢%/ lﬁhﬁlﬂeqqf%kndle
struct ur Bs for.layout ofn ehec epinhetette hollds @gdsholie drn i's conposed: of
11 individual g%pr;, ch havi ng a skewed pl us-shaped Cross-section
consi sting of Phs of general Iy 30 unequal length that neet to form?
f our approxi mat el ymlﬁ[ émb]er, whichnbadden IHvylass.0.B7 s wass#pwn in fthe

channel s havi gg d&eﬁ‘éab}éé!nﬁil@ 12N e @l s ST LESw

MR e e ke AR

prepari ag t hi Sumaricantl e Example 1 was applied to the fiber at a-
level of 0.80 percent using the same equipment as in
example 1. The individual fibers averaged 123 dpf. The
yarn was taken up on a lLeesona winder at 700 meters per
minute.

5 A typical fiber cross—section is shown in Fig. 8.

The general shape is shown Fig. 20. Fiber cross—section
properties and liguid movement properties for sihgle
fibers and 8—fiber fiber bundles were measured using the
same methods as described in example 1.

20 Fiber and liquid movement properties are as
'follows: .
X-Factor 1.22 dimensionless
Denier per filament 123 dpf
Channel width (avg.), 358 microns

25 channel 1 (x,, Fig 8)

Channel width (avg.), 125 microns
channel 2 (x,, Fig 8)

Channel width (avg.), 347 microns
channel 3 (x5, Fig 8)

30 Channel width (avg.), 624 microns
channel 4 (x,, Fig 8)

- Specific volume @ 0.05 4.83 cc/gm
' gramdenier tension
single fiber fiber area 10,313 microns?

35 Single fiber total 63,911 microns?
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- 90 - pol ymer was extruded at 280[err] C using the sane extruder as
in exanple 1. The pol yner was spun through a spi nneret t nunber ed
1-1198, CBASEOAOAg 11 i ndi vi dual orifices. The detallgcggmﬁﬂgﬁwbrlflce
and the general 5 | ayout of the spinnerette holes are shown in -

Figs. 7A-7D. The fiber, which had an IV of 0.67, was spun in the
sanme spinning cabi net as exanpl e 1, The-copss fl ow quench vel ocity
was 21.3 neters/mn. ‘The spinning 10 | ubricant of Exanple 1 was applied
to the fiber at a | evel of 0.80 percent using the sanme equi pnent as

I n exanpl ehanmgk a¥eB vi dual fibers averaged 123 dpf. The yarn
was taken up irgleosOhér WdliEI1aty 700 Metei s, 66  micPopyle. 15

A typi cal flberdﬁgoss section |s omn in Fig. 8. The general shape

i s shown Fig. 20°nammgel %ﬁ%%éfgﬁ ' properties and |iquid novenent
properties fchsnm@éeflber pérdents and 8-fi b2s fiber bpesceatwere neasured
usi ng th r in exanple 1. 20 Fi ber
and I|qU|d nnvenen prop é9¥§OQﬁ%€§§%s B&gh fol | ows: X- Fact or

1.22 dldinwibﬁlﬁsber bulk CEackerper fifaf®nt dimensipnless dpf
Channel wi dth éﬁ%@lé flber totﬁfsperlmetef1ci§§$ 25 miceasnel 1 (x[err],
Fig 8) m crons

channel 2 (x[e§+?nf?|€£%?r éPegl%}nﬁnnel mndt% %%vg ), S&/9m 347
m crons capbhrary ¢alewe], Fig 8) 30 Channel width (avg.),

624 g 8 i fi I
[er] O(ﬁyrncrgﬂﬁ%lﬁsflber Q@%ﬁgt%é (X[errgragkgen?er FgﬁggﬁﬁCI IC.VgiﬁgFe

fiber fiber areacapillany, susfacenaxeans|err]

Single fiber slenderness 18.8 dimensionless
ratio _
Specific lig. movement force 0.0480  dyne~den
15 Single fiber initial liquid 38.2 mm-sec
velocity .
8—fiber bundle initial ~73.0 mm/sec
- liquid velocity _
8—fiber bundle maximum 0.2378 cd/(den*hr)
20 potential flux .
Single fiber maximum . 0.0334 cc/(den*hr)
potential flux |
MPFp/MPFgp 7.12 dimensionless
Single fiber vertical 4.51 cm
25 rise after 15 min
Bundle vertical rise 8.91 cm

after 15 nin |
VRp/VRgp 1.98 dimensionless

30  Example 5 (ORIG. WING, PP, EGAN)

This example describes the production of an undrawn
continuous filament yarn useful in bundle structures for
enhanced transport of liquids. The yarn is composed of
20 individual fibers, each having a wing-—shaped cross—

35 section formed by two arms of equal length. The smaller



35 Single fiber total 63,911 m crons[err] WO

98/ 07909 PCT/ US97/ 14607 _

- 91 - channel area Single fiber capillary 14, 890
m cr ons[ ekpd 98/07909 channel area for flow Si ngl e fi betrrosymass

25 - percent 5 - channel s <300 micron width Singl e fiber -
bul k factor 6. 20 di'mensi onl ess Single fiber total_

peri meter 1897 m crons Si ngle of,i ber specific 2.21

cc/ gm capillary volune 10 Singl é fiber specific : 726
cnferr]/gm capillary surface area Single fiber slenderness
18.8 dlneﬂﬁbgﬂhéasangle beti@lenO these a§ﬂ%CHB‘bﬂdébtéﬁ“ﬁ&“ﬁ“tﬂﬁﬁ&e '

0. 0480 dyne/ d Sln flber |n|t| i qui d 38. nm sec

vel oci ty 888rier prmarbat,repupte in tvo dignnersyd oo M

l'iquid veIOC|tyapproxlﬂateﬂgrequadls;mmxamﬂnarea. 0.2378 cc/(den*hr)l
20 potenti al | e er (?ﬁ :
cc/(den*hré ¥§938F93?§?ﬁg d*ﬁ ﬁgﬁéerriwﬁﬁﬁnq'mefk z% rate
7.12 i rrenswé‘m)eﬁ 18 gragmsn@ife poilydery @en 3 mmutes wpsused incm
25 rise af peeph¥ 1%bnth1s yaﬁ%ﬂd| F@?H@ﬂéﬂmﬂﬂéﬁion is per X5t Test CM

after 1o, sueeald Sokdal 55 baorg using a aie Hikaser b TS RS
t he producti on anhdalemgthaof 8 mm. C@hie modysne Ivmsarﬁptyar&hmmgmlal n
,ggggggezt ruct ur gpihPlerette, PUMPATRY M ANHO' odiftd ifitd 20 Tadd dud
10 orifices. The details of each orifice and the general
layout of the spinnerette holes are shown in Figs 92-9D.
The fiber was épun in the same spinning cabinet as
example 1. The cross flow quench velocity was about 5.8
meters min. The spinning lubricant of Example 1 was
i5 applied to the fiber at a level of 1.89 percent using
the same equipment as in example 1. The individual |
fibers averagéd 90.3 dpf. The yarn was taken up on a
Leesona winder at 250 meters per minute.
A typical fiber cross-section is shown in Fig. 10.
20 The general shapes are shown in Figs. 22A, 22B, and 24.
Fiber cross-section properties and ligquid movement
properties for single fibers and 8—fiber fiber_bundles
were measured using the same methods as described in
example 1.

25 Fiber and liquid movement propertles are as
follows:
X-Factor 1.23 dimensionless
Denier per filament . 90.3 ' dpf
Channel width (avg.), 387 " microns

30 channel 1 (x,, Fig 10)
Specific volume @ 0.05 4.20 cc/gm

gram-/denier tension .

Single fiber fiber area 11,028 microns?
Single fiber total 45,316 microns?

35 channel area



20 individual fibers, each having a w ng-shaped cross- 35 section forned

by two arnms of equal length. The smaller WO 98/ 07909

PCT/ US97/ 14607 - 92 i ncl uded

angl e betWOIRT8se arns is bisected by a third shortgprﬂ*sm’}ﬁgf
results in two channel s of approxi mately equal size and area.”

Pol ypropyl ene, (PP), polyner having nelt flowrate 5 (MFR) of 18 grans
of polymer per 10 minutes was used in =— 93 preparing this yarn. MR
determ nation is per ASTM Test Met hod D- 1238 at 230[err]C using a die
di anmeter of 2.095 mm and | ength of 8 mm The polynmer was, spun through
a spi nnefdngde Sibexr €aPilia¥y cont ai Ahd9® | n@igxRRS? 10

orifices. The dehahkﬁlohrgaclfdi-r iflioe and t he general | | ayout . of the
Spi nnerette ho% own in Figs 9A-9D. The fiber- was spun in
the sane spinn ' T pexrcent o anmple 1.9 The crosé’?ﬁ'?ﬁ?ﬁuench

vel ocity was aboa:haﬁn&ls <300rmlm:rs/um1dtﬂ1e spi-nni-ng |ubri cant of Exanpl e

1 was 15 g apgk el fhh:?ﬁir L evel 89 per t he
sanme equi prrent a? I.n g)%yr%% | e e |nd| Vi dugﬁf 1y cﬁlers aver ageﬁ 90.3
dpf. The yar nSiRglesfdber, total perimetexso?P8M nder MIGERNFEters per

m nut e. Single Piletalspddifiiccr 0Ss-secig s is shaysdgm Fig. 10. 20
The general shapes shovvn |n Figs. 22A, 22B, and 24. Fi ber
cross-section pr&&@?ﬁ YH%li d novenent properties for single

fibers and 8-f Siaglfe lfarbémrsﬂeeafic were megsaur ed usemiyygme sanme net hods
as descrhged in capillm&fhcezgrea Fi ber and |iquid novenent

properties are X- Fact or 1.23
di mensi onl ess Smglqae‘ml@r Fdendernessa '49.1 Q0. 3 dimengjignless
Channel width (aﬁt)m 387 m crons 30 channel 1 (x[err],
glegi :GL:(r))tensi on e%':.f ic cilqu.me o@emen‘ri: force 40 200'716 C&}/n?en}den grant
Single fiber initial 23.9 nnrsec
15 liquid velocity _
g—fiber bundle initial 56.5 mm/sec
ligquid velocity
8—fiber bundle maximum 0.1407 cc/(den*hr)
potential flux . _
20 Singie fiber maximum 0.0194 cc/(den*hr)
potential flux
MPFp/MPFgp _ 7.25 dimensionless
Single fiber vertical 0.83 cm '
rise after 15 min :
25 Bundle vertical rise after 9.74 cm
15 min _
VRp/VRgp 11.7 dimensionless

Fig. 22 shows a generalized version of this fiber
30 cross—section. ' '

Example 6 (BALANCED Y, PET, EGAN)
This example describes the production of an undrawn
continuous fiber yarn useful in bundle structures for
35 enhanced transport of liquids. The yarn is composed of



Single fiber fiber area 11, 028 m cronsf[err] Single fiber

t ot al 45,316 . mcrons[err] 35 channel area WO
98/ 07909 PCT/ US97/ 14607

- 93 -  woosoBongl e fiber capillary 10, 195 m CcrRCIPs97/14607
channel area for flow Single fiber percent 0 . per cent
channel s <300 mcron wdth 5 Single fiber bulk factor 5.11

di mensi onl ess Single fiber total peppneter 2086 m crons
Single fiber specific 2.15 ccgm capillary vol une
Single fiber specific ' 1269 cnferr]/gm10 capillary

surface area 1o 1n819ﬂaaailbsbeﬁé?ndaenehav1ng a4&ekera11ymsymﬁaﬂ¥1595f
ratio ngl e.

|
fiber initial T-shapea d5ofS-SEEt)on EeRsaBtIng’ o, RS B paving
8- fi ber bundl egeneraidlly the samé. averageneiinal length thadumeetelcity

gafiber.bundle Egﬁlgﬂgbe ﬁFPrOQiﬁégzﬁYofgﬁéidiaOhrénc} ed dggegglfﬂ £1 ux -

S|ngle fi ‘potenti al
f1ux VPFEREF] FRPRLEP, fn three channels haV;mgs genera&we RIURY ess
Single fiber veiatial and equaloagaas, cm rise after 15 mn 25

Bundl e verti cal

VR err] VR err] " sgo.alf t ei:hyle?f ;erepht&%ﬁ?)dnl(gi%) ; bolymer having, 5,
shows a gener abhz3¥ ofr 0i.3@ ahdt boptaibdng30.2 percentstitiagyium

dioxide (TiO,) was used in preparing this yarn. The
10 polymer was dried to the same moisture level using the
same extruder as in example 1. The polymer was spun
through a spinnerette, numbered'I—lzos, containing 10
- individual orifices. The details of each orifice and
the general layout of the spinnerette holes are shown in
i5 Fig. 11a-~11D.

The fiber, which had an IV of 0.75, was spun in the
same spinning cabinet as in example 1. The cross flow
quench velocity was about 16.8 meters.min. The spinning
lubricant of Example 1 was appliedjto the fiber at a

20 level of 0.36 percent using the same equipment as in
example 1. The individual fibers averaged 77 dpf. The
yarn was taken up on a Leesona winder at 1000 meters per
minute. |

A typical fiber cross—section is shown in Fig. 12.

25 Fiber cross—section properties and liquid movement
properties for single fibers and 8-fiber fiber bundles
were measured using the same methods as described in
example 1.

Fiber and liquid movement properties are as

30 follows:

X~Factor : 1.09 dimensionless
Denier per fiber 77 apf
Channel width (avg.), 390 microns

channel 1 (x,, Fig 12)
35 Specific volume € 0.05 7.22 cc/gn



Exanpl e 6 (BALANCED Y, PET, EGAN) Thi s exanpl e describes the
production of an undrawn continuous fiber yarn useful in bundle

3;tucturqﬁvé®@§ﬁ€7909enhanced transport of liquids. The ygg@ﬁ#%ggg?gzggg_

- 94 - 10 individual fibers, each having a generally symetric .
Y- shaped cross-section consisting of three arnms having generally the
sanme average equal length that neet to-— 95 formthree approxi mately equa
120[ er] included angles. 5 This results in three channel s having
general |y equal mndths and ual areas. Pol y(et hyl ene . .
terepht hal at e) , J9EPfAeRIRY &8 ng an 1V of 0.77 and. eontai ni ng
0.2 percent Tigiaglen fiber ﬁmd&éé’i @) wa6,464d i n miepahisdg this yarn.

The 10  poly, é@{x%i:%%cﬁ&e%&%%he sanme noi sggrgsgeve EI!E&:Q khe sanme |

extruder as in lymer was spu an’ roug 53 ‘spi-nnerette,
nunber ed | -1208,channel Area 10. ~ individual orifi ces The:details of
each orifg ce adithgle fibé¥ g@gﬂﬂ ayout of g 5@ SPi NNgKeLbAsROl es are
shown in 15 %.ellA- r& The fiber, which had an IV of 0.75,

was spun in trthannels%ﬁ%asﬁﬁﬁnf%ﬁwcablnet as in exanple 1. ‘The cross flow
quench veIOC|tsiMQSeabﬂHérlﬁbﬁceﬁters/nln Tbe spi nni npercent | ubri cant of
Exanple 1 was ap | evel of 0.36 percent using

t he sane eqU|pné%&é§%eiﬁ £§8° £§Eﬂ€I¥§§%8The i ndi vi dual fibers averaged 77
dpf. The = SimghewbibenkewlkpfastarLeeson&.Mnder adivensiemless per

mnute. 10 ginglé f?{ﬂéfai;o{:&?efaefiﬁéﬁé§ec§.5§§ |s shgwerlgherig. 12. 25
Fi ber cross- SeCII on ggertl es nmovenent pr opertl es fOI’

single fibers %hﬂgheff ?rfFBGFgﬁﬁﬁdle ~ 1l-fére nea

S using the sane
met hods as desceapelllafy volumeéxanple 1.

single fiber specific 980 cm?/gm
capillary surface area
15 Specific liq. movement force 0.0613 dyne/den
Single fiber initial 27.6 msec
liquid velocity - . ' _
8—fiber bundle initial 69.7 n/sec
liquia velociﬁy
20 8—~fiber bundle maximum 0.3603 ccr(den*hr)
' potential flux '
‘Single fiber maximum 0.0246 cc/(den*hr)
potential flux -
MPFp/MPFgp . 14.7 dimensionless
25 Single fiber vertical rise 2.85 cm
after 15 min

Bundle vertical rise 6.64 cm
after 15 min '
VRg/VRgy 2.33 dimensionless
30 '
Fig. 23 shows a generalized version of the fiber
cross—section.



Fi ber and liquid novenent properties are as 30 fol | ows: X- Fact or

1.09 di nensi onl ess Deni er per fi ber 77 dpf
Channel width (avg.), 390 m crons channel 1 (x[err],
Fig 12) 3o9sn7Specific volume @0.05 7.22 cc/ greT/USI7/14560

987 07909 : PCT/ US97/ 14607

- 95 - gram deni er tension Single fiber fiber area

6, 464 m cronsferr] Single fiber_iotal 63, 657

m cronsferr] channel area 5 %éle fiber capillary 9490
nicrons[err] channel area for f|OM/ Single fiber percent

pergenh eﬁgggﬁb wi dt h Single fiber
bqu f act or épﬁﬁ 7 ( |nen5|oﬁ€esé %% ) Si ngl e fi ber total
perimeter 1519 Thigj example deSCE}hgﬁetthEF°§H§§ﬁPPc°f an undragn

crcT{ gm ¥ ca@duhi:ﬁwoﬁgl £iBer yarn Sh@éfﬂlfl %hebugaiﬁl Ets-ulctures £330 t

C err am ar Su rea pec I G |

foree 00615 ennapfiaf rihdpott Sf 1 hRing, | TnElRArn e Chnppped oF
‘misec 5 10| imdilvidhali fibers, eSehlhav1hgndlv—shapeﬂ cross— 69.7
m1 sec - 0 f I 0.3603
co/ (den*hr) sé&dibA ¥8£§§éf¥?$ of tho igﬁﬁ Pfﬂg E rTale}ly equal

0. 0246 cc/ (H%nm)that crosmtenfpmn 12250 arge dmnpenq iAamnel, -
14.7 di mewb 0al&sEisRal m&aaﬁ&eeiybmarqar thaahelsS®f gehetally Cm .

:;tg; ig 2}2 equalnggLeax i&gh Eha% are adjacen% to the(iarge

10 dominant channel, and one small channel opposite the
large dominant channel. The included angles of the
large doninant channel and smallest channel are
approximately equal and the included angles of the two
channels adjacent to the largest channel are

15 approximately equal.

Poly(ethylene terephthalate), (PET), polymer having
an IV of 0.77 and containing 0.2 percent Titanium
dioxide (TiO,) was used in preparing this yarn. The
polymer was dried to the same moisture level using the

20 same equipment as in example 1. The polymer was -
extruded at 281°C using the same extruder as in
example 1. The polymer was spun through a spinnerette,
numbered I-1206, containing 10 individual orifices. The
details of each orifice and the general layout of the

25 spinnerette holes are shown in Figs. 132-13D.

The fiber, which had an IV of 0.75, was spun in the
same spinning cabinet as in example 1. The cross flow
quench velocity was about 16.8 meters min. The spinning
lubricant of Example 1 was applied to the fiber at a

30 level of 0.76 percent using the same equipment as in
example 1. The individual fibers averaged 169 dpf. The
yarn was taken up on a Leesona winder at 450 meters per
minute.

A typical fiber cross-section is shown in Fig. 14.

35 Fiber cross—section properties and liquid movenment



VR err] VR err] 2.33 di mensi onl ess 30 Fi g.
23 shows a generalized version of the fiber Cross-section. WO
98/ 07909 PCT/ US97/ 14607 '

- 96 - WO L e 7 (CROSSED V, PET, EGAN) THEYUSHASA e
descri bes the production of an undrawn continuous fiber yarn -useful in
bundl e structures for enhanced transport of liquids. The yarmis
conposed of 5 10 individual fibers, eaeh baving a V-shaped cross-
section consisting of two long arns of generally equal | engt h t hat
cross to formone | arge dom nant channel, two additional noderately

| ar ge channelspnbpgehéealfpr singéquiﬁbarsaaaﬂdSMﬂﬂheniﬁiberebunﬂkasmt'to

the large 10 NJ&4 ng@Rfle0 el d&%ﬁ%ﬁ
| ar ge dgn1nant ghﬁgﬁéu$ﬁg PﬁéPﬁdgg a%% %gﬁbkm%ﬁ%p%g arge don1nant-

channel and snﬁFFEE@ecHannel are approxi mately equal and the included .
angles of the two Fiberchfangliguid aovenent Propertdes afwmnnel are 15
approxi mately %giiows . Poly(ethyl ene terephthalate), (PET),

pol ymer havi ng an IV of 0.77 and containing 0.2 percent Titanium

di oxi de (Ti qem-]:")im: used in preparing thid.dad n. Thalimensigules®r was
dried to the s | r el using the 24 sane i prent as in
exanple 1. Thggﬁlggnghg 2ibEY extruded at 5%1[err]c using the sane

extruder as inCh nneleﬂé#ﬁhe(fngﬂe pol yner Wd® spun t MAFKANS spi nnerette,
nunber ed |- 1206, caﬁhhéunungxlp Fagi yigglual orifices. The details of

each or| ce a the.g | ~|.ayoyt of the 2 splnnere1te hol es are
shown |n |gs E%? nf% width (a lf'The flberiﬁMnch had®:iF 9P of 0. 75, was

spun in the ChsamelsplﬁxbngFaeblnét as in exanple 1. The cross flow
guench. velocitbhg?& boMlath6- wers/mn. T pi nni n g | ubricant of
Exanpl e 1 was app 33 to t (?Vgel) 'at a 30 I%%.’(Savel g’bi% percent using
the sane equi prefbainel,3 (xs Fig 14) '

Specific volume @ 0.05 3.19 cc/gm
15 gramsdenier tension
Single fiber fiber area 14,181 microns?
Single fiber total 87,066 microns?
channel area L
Single fiber caplllary 8,795 ‘microns?
20 channel area for flow
Single fiber percent 25 percent
channels <300 micron width '
Single fiber bulk factor 6.14 dimensionless
Single fiber total perimeter 2334 " microns
25 Single fiber specific 0.67 cc/gm
capillary volume
Single fiber specific 688 cm?/gm

capillary surface area
Specific liq. movement force 0.0430 dyneden

30 Single fiber initial 26.1 nm/sec
liquid velocity
8—fiber bundle initial . 73.2 mn-sec
liquid velocity '
8—fiber bundle maximunm _ 0.1424 cc/ (den*hr)

35 potential flux



exanple 1. The individual fibers averaged 169 dpf. The yarn was taken

up on a Leesona w nder at 450 neters per m nut e. A typica
fi ber cross-section is shown in Fig. 14. 35 Fi ber cross-section
properti WO AMYI09 qui d novenent WO 98/ 07909 PCT/US97/14607
PCT/ US97/ 14607 - 97 - propertiies
for single fibers and 8-fiber fiber bundles were neasured using the
same net hods as descri-bed in. examde. L. Fi ber and liquid
novenent properties are as 5 fol |l ows: X- Fact or .
1.14 - di nensi onl ess Deni er per fiber 169 dpf
Ehangig ?%dtrlﬁih@ﬂéifiber maxiﬂ&? ' n1Q6226981 ccrtaanrar)l (x[err],
i g el wdt avg. ), _ m crons :
channel 2 (x[err §%é$%liﬂ)Piéx ~ Channel width (avg.), 837. _
m crons MPRLMPRYy 3 (x[err], Fig 14) BpeBific volunme [err] 0.05
3.19 cc/ tfdensi n deni er tension Single fiber fiber area
14,181 m crons?2 sionl ?ngle‘fiber t ot al 87, 066 m crons2
channel & ea Single; fiberiyeeticadi|jjary 1.71 g 7o6m m crons2 20
channel area forrisevatter 15imthe fiber percent 25
per cent channel s, <300 nmicron width Single fiber bulk factor
6. 14 dingﬁgwgﬂ?eggrtlcaf %&ﬁﬁle fiber tbt&P perinﬁ?er 2334
m crons 25 SiafterflSeminpecific 0. 67 ccgm
capillary vol ugR _~m Single fiber specificy ag B34 : geerr]/ gm
capil |l ar surfact ar¥a Specific lig. nmovenent forceeng}aggg

dyne/ de
Example 8 (TEE, PET, EGAN)

This example describes the production of an undrawn
continuous fiber yarn useful in bundle structures for
enhanced transport of liquids. The yarn is composed of

15 10 individual fibers, each having a T-shaped cross—
section consisting of two arms of generally equal length
forming the bar or top of the T and a third longer arm
forming the long or body member of the T. The two arms
forming the top of the T are of generally the same

20 length. The two included angles between the body of the
T and the arms forming the top of the T are
approximately egqual and are generally somewhat greater
than 90°, resulting in a lérge included angle between
the arms forming the top of the T. This results in the

25 formation of two channels having relatively large widths
and areas and a third channel having a relatively large
channel width but considerably less area.

Poly(ethylene terephthalate), (PET), polymer having
an IV of 0.77 and containing 0.2 percent Titanium

30 dioxide (TiO,) was used in preparing this yarn. The
polymer was dried to the same moisture level using the
same equipment as in example 1. The polymer was
extruded at 280°C using the same extruder as in example
1. The polymer was spun through a spinnerette, numbered

35 I-1205, containing 10 individual orifices. The details



30 Single fiber initial 26.1 mi sec liquid

velocity 8-fiber bundle initial 73.2 - sec _

liquid ve 8-fi ber bundl e maxi mum 0. 1424 *hr)
35 . g ki | WO 98/ 07909 24 et
PCT/ US97/ 14607 - 98 - . Si ngl'e fiber
maxi mum _ .0.00981 cc/(den*hr) potential flux =

MPF[ err] MPF[ err] 14.5 — 99 i nensionless 5 Si ngl e
fiber vertical 1.71 cm ' rise after 15 mn Bundl e

vertical rise 7. 45, ; i 15 . mn :
VR[err] VR err] ©f each orifice 49’395 the geRerRhsid¥PRtseigthe Exanpl e 8
(TEE, PET, EGAMpinnerette hdIE§ x@nghewneinr Fhgs.t h6ApaBDUCt i on of. an
undr awn cont| £ ul i 8y,bupdle.str ur, f QI S
enhanced transport 0 |quJUﬂ|’ &gﬁrﬁaléncgvnpggeé T$> E,gg SE’S‘“ %&’ \Flh(fual
fibers, each h&amey @M@M%‘% as in examplenleonThet cxgsss H2eW ar ns

of generalgy e%&x@f\ﬂétbcl wégrawetthe @aﬁeﬁéréi)ﬂlﬁf t Mel spiirArdi 1 d
| onger arm f oy m the The two arns

formng the t opt T 1%An O;}éY? ?HB gﬁﬂetﬁotﬁe fdbsEnat Phe two
i ncl uded angl esléxeé:w&ﬂn GJ‘IB hestycert ti#ing theTsand ethaipmentf asniizg t he
Lop of the T algampye FPP'ASL PAELysGUS #00-' GURIECE 1Y OB

greater ang | SPhet ween
the arnms form rl@PJtlhé@%ptdf»em mpTonTaubeeegnat Uinﬂe!'-'het2§00 mlamm iRAY of
two channg) s hagyimeedsel atively |arge widths and areas and a third

channel having a relative|ly lar channel, wi dth but cqn5|derabl | ess
ar ea. ol % (TRyfehot fore FraRPBeSLioPErF S 6.

Fiber cross—section properties and liquid movement

properties for single fibers and 8—fiber fiber bundles
were measured using the same methods as described in

15 example 1.
Fiber and liquid movement properties are as
follows: _
X—Factor - 1.07 dimensionless
Denier per fiber 160 apf
20 Channel width (avg.), 473 microns
channel 1 (x,, Fig 16)
Channel width (avg.), 572 : microns
channel 2 (x,, Fig 16)
Specific volume @ 0.05 - 5.93 cc/gn
25 gram-denier tension
single fiber fiber area 13,478 microns?
Single fiber total 106,592 microns?
channel area |
Single fiber capillary 13,365  microns?
30 channel area for flow
Single fiber percent o percent
channels <300 micron width
Single fiber bulk factor 7.91 dimensionless

Single fiber total perimeter 2130 microns



an IV of 0.77 and containing 0.2 percent Titanium 30 dioxide (Tigerr])

"was used in preparing this yarn. The polynmer was dried to the sane
noi sture | evel using the same equi pnent as in exanple 1. The pol yner
was WousI0meed at 280[err] C using the sanme extruder asPCIVUSKIM#GOTE
1. "The pol ymer was spun through a spinnerette, nunbered 35 | -1205,-
containing 10 individual orifices. The details WO 98/ 07902
PCT/ US97/ 14607 - 100 — - 99 - of each
orifice and the general |ayout of the spinnerette holes are shown in
Fi gs. 15A-15D. The fiber, which had an IV of 0.75, was spun in
t he sanesgagmglngggbggghlggcln exanpl g .53 The cr | ow 5- quench
velocity was abouf 1 neters/mn. The. spinning | ubri cant of
Exampl e 1 was apfPP& lﬁﬁytﬂﬂipﬁﬁer at a level of 0.73 percent using

the same equi pSéngles filber specdfdepl e 1. Thaiendi vi duamigaer s aver aged
160 dpf. The cap&iﬁ%f@aﬁuEQQ%% g%ebn a Leesona w nder at ‘500 neters per

10 m nut e. ATYpI er cross-section is shown in Fig. 16.
Fi ber croBs- seépepeificopdai movementi ForeennPotdii2 aynefdenties for
single fibers gRfglel itiderf 18R iRYNdl es gwge measy esbalsi Ng the sane
nmet hods as descriQed.,in 1 exanpl e 1. - Fiber and liquid
nmovenent properth guif, vedocity ¢ | ous: X- Fact or

1.07 di neBsifdblees bundle imdmiied per fib&i.3 mmsec 160 dpf
20 Channel w (sayv 473 nicrons channel 1
(x[err], Flg 16) QEQufﬁ.%ﬁhbcﬁt i dth (avg.), ~mcrons
channel 20 (x[elsr‘]flhﬂrgbli@ﬁle maxigyeei fi c volQnA®5® 0. oyc/(den*hn:,) 93

cc/ gm 25 gr pEtesiian &qmﬁgon Single fiber fiber area

13,478 m cr ns rr e fiber total 106, 592
m crons[err] i ]flber maxlﬁam .0219 cc/(den*hr)
potential flux

MPFy/MPFgp : - 13.4 dimensionless
15 Single fiber vertical 3.83 cnm
rise after 15 min
Bundle vertical rise 5.19 cn

after 15 min .
VRg/VRgp 1.36 dimensionless
20
Fig. 24 shows a generalized version of this fiber
cross—section. '

Example 9 (C, PET, EGAN)

25 This example describes the production of an undrawn
continuous fiber yarn useful in bundle structures for
enhanced trahsport of liguids. The yarn is composed of
11 individual fibers, each having a C—shaped cross—
section. This results in one major channel formed by

30 the C shape. | '

Poly (ethylene terephthalate), (PET), polymer having
an IV of 0.77 and containing 0.2 percent Titanium
dioxide (TiO,) was used in preparing this yarn. The
polymer was dried to the same moisture level using the

35 same equipment as in example 1. The polymer was



channel area Single fiber capillary- 13, 365 m crons[err] 30

channel area for flow Single fiber percent

per cent channel s <300 nicron width Single fiber_bulk factor
7.91 WQPHEME? onl ess Single fiber total perineter PCHPRY14607

m crons WD 98/.07909 C

PCT/ US97/ 14607 - 100 - Single fiber
specific 1.91 ccgm <apdilary vol ume Single fiber
specific 416 cnferr]/gm ‘capillary surface area 5
Specific liq. novenent force 0.0412 dyneden Single fiber initial
36.5 m se¥truded at|283P¢ usivgi the same @xtrmdemariidniniti al

71.3 M1 Segxample 1.! 1 §HbdpBEyAekt ¥akl spuxﬁﬁﬂrt&fglplﬁ‘dé%iﬂﬁéim,

0. 2950 cc/(dea;ﬁr poteg%lal flux .. Single fiher maxi mum
0.0219  cc/ (dRWmRefed I-1200,,coptpipipg i1 indi |Mifices. The

13. 4 di redetaiblssefleach Sriglicef andr the igerairal layoutSs. & the: cm .
rise afterg15 nj n erti.c IS R . : cm
5 nbﬂineﬁgﬁgﬁg 6hﬁg%r%EE gho&h Sn Fig. 17 _fﬁp’BG _

after 15 mn .
di nensi onl ess 20 ~ The fibefjgwhichshads an JéhafalQ.7&f, Wasispunfintthe
fiber crogaméespifiling cabine®XdBPki® LxampiEh. EG cPoss fiow This

A €, oso | Do e ReTaethiOba Bt VY neters i008! "ASS LSRN
lubricant of Example 1 was applied to the fiber at a
10 level of 0.61 percent using the same equipment as in
example 1. The individual fibers averaged 156 dpf. The
yarn was taken up on a Leesbna winder at 500 meters per
minute.
A typical fiber cross—section is shown in Fig. 18.
15 Fiber cross—section properties and liquid movement
properties for single fibers and 8—fiber fiber bundles
were measured using the same methods as described in
example 1. _
Fiber and liquid movement properties are as
20 follows: . '

X~-Factor o 1.20 dimensibnless

Denier per fiber 156 dpf
Channel width (avg.), ' 686 microns
channel 1 (x,, Fig 18)
25 Specific volume @ 0.05 3.56 cc/gm
gran-denier tension
Single fiber fiber area 13,133 microns?
Single fiber total channel 111,081 microns?
area
30 Single fiber capillary 5,608 microns?
channel area for flow |
Single fiber percent 0 percent
channels <300 micron width
Single fiber bulk factor 8.46 dimensionless

35 Single fiber total perimeter 2055 microns



enhanced transport of liquids. The yarn is conposed of 11 indivfdual

fibers, each having a C shaped cross- section. This results in one
maj or channel formed by 30 = the C shape. Pol y( et hyl ene

t er epht have9s®790¢ PET) , pol yner havi ng an |V of 0.77 ROWUSHHI4EONI ng
0.2 percent Titanium dioxide (Tiderr]) was used in preparing this
yarn. The polynmer was dried to the sanme noisture | evel using-the 35
same equi pnent as in exanple 1. The pQlyygs was WO 98/ 07909 '
PCT/ US97/ 14607 - 101 - extruded at
283C using the sanme extruder as in exanple 1. The polyner was spun

through a spi neingléefiber spaaheied |- 1200, ocqat ai ni ng=clAgm ndi vi dual .
orifices. The agggigﬁls oﬁ each orifice and the general |ayout of the 5

Spinnerette hol €% Hmﬁlg 17A-17D. The fiber, which
had an |V of 0S¥Bsgleafibpunspecifidc sam$58pi nni ng aefotgmet as in
exanple 1. The W, q h velocity was about 16.7 neters/m.n.
The spi nning Eéﬂii% kgaﬁ?rg?ce HQQFE 1 was a plled to the fiber at a 10
| evel of B.61 PepEéficudidy FﬁKeyﬁﬁﬁ £Q¥CEe - 0408 n dynedenple 1. The
i ndi vi dual fi bsj_ﬁguefagaﬁl 15@1:&511 The - 22/.& N Was ningkedgc UP ON a
Leesona w nder ailﬁgo ngt _ninute - A typical fiber
cross-section is”S ﬁﬁ ol ?F& Y18 15 Fi ber cross-section properties and

l i qui d nmovenmen8—fiber pnogéetnaatﬁaﬂ singl e fizb® s and W@uwfsder fi ber

bundl es : meigqggasggggcqg ng the same nmethods as described in
exanpl e %. Fi be l,i qui d nnvenent ropertles are as_ 20
fol lovs: 10 Bxfiheropundle maximim 0.1 SS
Deni er per fiberpotential £lux156 dpf Channel width (avg.),-

080 o og™ O BRhgte giner"halRkyl (X(7T] . b e (SBERRE] © VOI U

potential flux

MPFp/MPFgp . 27.6 dimensionless
15 Single fiber vertical 1.49 cm '

' rise after 15 min ' '

Bundle vertical rise 5.96 cm

after 15 min

VRg/VRgp 4.00 dimensionless
20

Example 10

This example pertains to the fibers described in
Figs. 192-19C. These fibers- bundles can be made on
eguipment described in example 1 and under similar

25 spinning conditions. Bundles of these fibers behave .
similarly to those shown in the other examples.

Cross sections of the type shown in Fig. 192 can
be difficult to make because the melt surface tension
tends to straighten out unbalanced intersectionms.

30 For example, to make the shallow channel polymeric
structure with the section shown in Fig. 19B, the steep
channel spinnerette aperture shown in Fig. 19C is
required.

The specific shape required depends on the polymer

35 being extruded, the extrusion conditions, and the



grani deni er tension Single fiber fiber area 13,133

nicrons[err] Single fiber total channel 111, 081 n1crons[err]

area 30 fiber capillary 5,608 n1crons[er0b

channel af% flom1 Single fiber percent S9TM46r cent
channel s <300 m cron width Single fiber bulk factor 8.46° -

di nensi onl ess 35 Single fiber total perineter 2055 m crons

WD 98/ 07909 — 103 — PCT/ US97/ 14607

- 102 - Single fiber specific 0.74 ~cc/gm .
capillary vol une Single fiher specific 458 cnferr]/gm

capillary surfamemh;iawgs condijeic;ms;c | Ths nbvdadnanfloerror i aequired
dyne/ den 'Eﬁéh{f#“ﬁ) splnner?tgg Role 5h§5¥§§%q%%red.

l'iquid velocity
liquid velocity 10 Th J@fjr%é?r‘kﬁlrﬂﬂ%"n%R nthe flbersOWiGQZthe EOARRS* hr )
potential flux shown ih Eig. {23228 HiEh require 8. 8pIAnerettd deivivg

otential fIlux err | \NPE[ ery 27.6 di mensi onl ess
25 sindle fiBe ?Rﬁﬁ#?ﬁﬁ sho IAJF%%' 22€. om rise after 15 nin
Bundl e vertical rise 5.96 cm after 15 mn
VR err] VRIerr] gxampie 11 4.00 di mensi onl ess 20 Exanpl e 10
This exanple pertains to the fibers descrlbed in 19A- 19C.

These fi bers/bundl esTREH $HATRIR discl °seseﬁﬁpﬁﬁ§n9fd$§6rl iSheWdie 1
and under snmlnﬂg. 21A. These fibers-sbundles can be made on equipment

10 " described in example .1 and under similar spinning
conditions. Bundles of these fibers behave similarly to
those shown in the other examples.

There is surprising difficulty in producing these
types of fibers without having a pronounced curl in the
1s sides of the “H” as shown in Fig. 21C, because of the
surface tension of the molten polymer.
' These fibers have a reduced specific volume as
compared to fibers with straight vertical arms. This
curvature is caused by the massive shortening of the

20 “bar” of the “H” because of surface tension. This
“shortening” pulls at the center of the vertical walls
during quenching and thereby produces the “C” shaped
vertical bar. This condition is corrected by designing
a spinnerette having the apertures shown in

25 Figs. 21D-21G. .

Obviously, the amount of the correction (i.e., bend
in the arms of the spinnerette) required depends on the
specific desigh being used and the size and spinning
conditions of the desired fiber. Therefore, some trial

30 and error is required.

Bundles of these fibers behave similarly to those
in the other examples.



25 spi nning conditions. Bundles of these fibers behave simlarly

to those shown in the othér exanples. Cross sections of the type
shown in Fig. 19A can be difficult to nake because the nelt surface

" tension WO9/MFWAds to strai ghten out unbal anced i ntersect iROTUSI2A4607
For exanple, to make the shall ow channel polyneric structure.with-the
section shown in Fig. 19B, the steep- channel spinnerette apetture
shown in Fig. 19Cis required. _ 104 — The specific shape required
depends on the polynmer 35 bei ng extruded, the extrusion conditions, and
t he WD 98/ 07909 _ ~ PCT/ US97/ 14607
- 103 - Comparatige CEramplens2 THUSPET,alEGAN) error is required

to specify the exa [ e . PR . kS_J S
true also for the fi ggsggﬁéﬁi%hggghgﬁggg Enk gﬁgﬁﬁgﬁ%ﬁﬂgff:ﬂﬁ¥€§&?3#$ch
require a spi nf@ptinuongvfibes yarnhusgfuld: dne bimsie istrugtures, for
Exanpl e 11 enhancedNtfafy eotti 36Rgas.l | RS yalrd Nt todifpSHedNoE N

Fig. 21A._ The fibers/bu es can be e Qn equi t 10 described in
exanple 2 andignaﬂ 1¥iﬁP?grf%BPFﬁPnﬁacggga”gﬁﬁH%¥ﬁgngn*ﬂﬁﬁﬂF%scﬁ?s?ﬁese

fi bers behave seotienl pohsisting bfofeurharms f hEermEraEll e XeqEars.

There is surprisi diLfficu ' r i . t L4 S
wi t hout havi ngh%i'l ron%ﬁée%db%é:rg%gla% ?’%g%f?lﬁ‘%gﬁ%’ees i hé/ecp" .Prgs&.sl gi\;/\xh
Fig. 21C, becalBe &purharms joinythgcerosshiash tef fiorm f51Q arapeF yner .

These fibers hap8nfeligdynge EPEPbEh%r%Qh&m&éﬁ%angulafxlﬂmﬁﬁﬁbéOaﬁaber5;
with strﬁ ght ¥ﬁr ical arns. Thi$§ %agvature i's caused b% t he ssive
short eni é of Fhatopre apprpxipatedy egual, in, ares feharped sYLdAth- 1 s
"shorteni ng" pBath ef the chahaelefl contaims itwad ivadlweied angllesi that
guenchi ng and Eggrgpé B%gﬂgggi tg%,"gacipaped vertical bar. This
condition is corrected Y eS|¥n|ng : )
Poly(ethylene terephthalate), (PET), polymer having
an IV of 0.89 and containing 0.2 percent Titanium
15 dioxide (Ti0,) was used in preparing this yarn. The
polymer was dried to the same moisture level using the
same equipment as in example 1. The polymer was
extruded at 296°C using the same extruder as in
example 1. The polymer was spun through a spinnerette,
20 numbered I-1011, containing 16 individual orifices. The
details of each orifice and the general layout of the
spinnerette holes are shown in Figs. 30A-30B.
The fiber, which had an IV of 0.68, was spun in the
same spinning cabinet as in example 1. -The cross flow
25 quench velocity was about 33.6 meters-min. The spinning
lubricant of Example 1 was appligd to the fiber at a
level of 0.82 percent using the same equipment as in
example 1. The individual fibers averaged 44.8 &pf.
The yarn was taken up on a Leesona winder at 500 meters
30 per nminute.

in

A typical fiber cross-section is shown in Fig. 31.
Fiber cross-section properties and ligquid movement
properties for single fibers and 8—fiber fiber bundles
were measured using the same methods as described in
35 example 1.



a spinnerette having the apertures shown in 25 Figs. 21D 21G

Qobvi ously, the anobunt of the correction (i.e., bend in the arns of
the spi nRgoosbRYe r €qui red depends on the speci fic degj ﬁﬂﬂ'used
and the size and spinning condi tions of the desired ?Fg@F$? E?Qfote,
some trial 30 and error is required. Bundl es of these fibers
behave simlarly to those in the other exanples. WO 98/ 07909
PCT/ US97/ 14607 = 105 - 104 - Conpar ati ve
Example 12 (H, PET, EGAN) Thi s exanpl e descri bes the production
of an undrawn t Lnuous.f.i ber. varn useful in bundl e structures for
enhanced transport ﬁﬁgFFqEP s?lﬁﬁgdyﬁPﬁﬁqfﬁi) FSEH B 3 185i ndi vi dua

fibers, each hfiolhgwsnm "H'-shaped cross- section consisting of four

arms of generaki-vaequ?' length and a crosspar conngghifgs bRged8EM 1O
e Tour ar

formthe H Ih arns join the crossbar to formtwo nmaj or
channel s that BfBLI§EnPLEl £3PEECt angul ar in sHbrd and 18PLthat are

appr oxi masel y epaphelnwdaeh gasrgihgnnel widtisy Eachi@fohBe channel s
contains two inclggﬁg inglgs th%L 31y &r€ approximately 90[err] each.

Pol y( et hyl ene tef a1 f}'( E?), Bolyner havi ng an IV of 0.89 and
contai ni ng 0. 2Sperd€dc Volameu® D505 di oxi de -BE  err])codg used in
preparing this ygim -athler tenllod™r Was dried to the sanme noisture |evel

usi ng the sanme equl prent,_as I n exanple 1. The pol yner was
extruded at 208EBBIPCTidieNy fikeTs ARaxt ruder3 k6T n  MiGXARSfe 1. The

pol yner pes spsingleowdber Totalerette, 20 - sypdmred ImiBfdnséontaining 16
i ndi vi dual orifi%ggh Ige details of each orifice and the general

| ayout of the ?ﬁ #&F& te holes are shown in Figs. 30A-30B

The fiber, whi Singde fibey chpilddrywas spun 5,4a%e micsansz.spi nni ng

cabinet as in examRh®el akdd FASSEldPW 25 quench vel ocity was about 33.6
meters/mn. The spinning '

Single fiber percent 100 percent
15 channels <300 micron width
) Single fiber bulk factor 1.55 dimensionless
Single fiber total perimeter 744 microns
Single fiber specific 1.11 cc/gm
capillary volume '
20 Single fiber specific - 747 cm? gm
capillary surface area
Single fiber slenderness’ 19.8 dimensionless
ratio
Specific liqg. movement force 0.0515 dyneden
25 Single fiber initial _ 31.9 mn/sec
liquid velocity
8—fiber bundle initial . 50.0 mm/sec
liquid velocity _
8—fiber bundle maximum 0.0637 cc/(den*hr)
30 potential flux |
Single fiber maximum 0.0277 cc/(den*hr)
potential flux
MPFp/MPFgp 2.30 dimensionless
Single fiber vertical 5.46 cm

35 rise after 15 min.



| ubricant of Exanple 1 was applied to the fiber at a | evel of 0.82

percent using the sane equipnent as in exanple 1. The i ndi vi dual

fi bers averaged 44.8 dpf. The yarn was taken up on a Leesona wi nder

at 500 net MQ9843909 per ni nute. A typical fiber creGHUSIIIH60TN iS
shown in Fig. 31. - Fi ber cross-section properties and |iquid novenent
properties for single fibers and 8-fiber fiber bundles wer e neasured
usi ng the sane nethods as described in 35 10exanple 1. WO 98/ 07909
PCT/ US97/ 14607 ' - 105 - Fi ber
and liquid novenent properties are as fol |l ows: - X-Fact or

1.78 di nenBupAlesyerticalpaiiser per fiberl2.4 cm 44.8. dpf . ..
5 Channel w dt Rf¢aydals min. 37 mcrons . . channel 1
(x[err], Fig 31 Specific volume @0.05 2.35 cc/ g’

gr ani deni er ten&?@ﬁVRsr Single fiber fiber &e¥l dimepsionlesscr ons2
10 Single fiber total 5, 845 m cronsferr] channe
area gSingle fi p I 05 ., crons2 _
channel area for floghi/%%l%% k:éa %gnﬁlggr °£ fiber é——”%@e‘Let our
percent 15 lénaﬁn§u9n<9¢0eunee@1ng<n414 (ccrdemtthe) f ihethbuBksibetor
1.55 dlnenﬁPPP|€§§t even §hBﬁbﬁ Ehge&ﬂd¥61dd§¥'f§g§¥s dfé

m crons S|ng n% ecif _
capi | l ary vol unE*%§ eFFber specific 747 cnferr]/ gm

capillary surface area Single fiber slenderness 19.8
CymerSuo 48 SomparebAYee muampn U5, i, NN 0102 00510

This example descrlbes the production of an undrawn
continuous fiber yarn useful in bundle structures for
enhanced transport of liquids. The yarn is composed of
32 individual fibers, each having an H-shaped cross—

15 section consisting of four arms of generally egual
length and a crossbar connecting the arms to form the H.
The four arms join the crossbar to form two major.
channels that are generally rectangular in shape and
that are approximately equal in area and channel width.

20 Each of the channels contains two included angles that
are approximately 90° each.

Poly(ethylene terephthalate), (PET), polymer having
an IV of 0.76 and containing 0.2 percent Titanium
dioxide (Ti0,) was used in preparing this yarn. The

25 polymer was dried to the same moisture level using the
same equipment as in example 1. The polymer was
extruded at 283°C using the same extruder as in
example 1. The polymer was spun through an oval
spinnerette, numbered I-1148, containing 32 individual

30 orifices. The details of each orifice and the general
layout of the spinnerette holes ére_shqwn in Figs. 32C.

The fiber, which had an IV of 0.63, was spun in the
same spinning cabinet as in example 1. The cross flow
quench velocity was about 42.7 meters.min. The spinning

35 lubricant of Example 1 was applied to the fiber at a



liquid velocity 8-fiber bundle initial 50.0 i sec

liquid velocity 8-fi ber bundl e maxi num 0. 0637 cc/ (den*hr)
fl ux Single fiber maxi mum

ccl(den*hrg)@‘%*'ag potential fl ux MPF[ err] MPF[ err ] PCQRQ@%J«mﬂ .

2.30 di nensi onl ess- Single fiber vertical S 5.46 ©° ~ cm

35 rise after 15 mn. WO 98/ 07909 T

PCT/ US97/ 14607 - 107 — - 106 - Bundl e

vertical rise 12. 4 cn1 after 15 mn.

VR err] VR err] di nensi onl ess | Noti ce

that bundles o#eYﬂls°$|be?deeﬁﬁﬁnﬁeﬁﬁlaarthe samq!ﬁEQ%RmﬁP¥ﬁa%xkéedlng
0. 14 (cc/ den* hexampléhe. 8-théeindividub®FFibelr's eslertics -t:#mmkaﬁfle

di vi dual f 107
15 (1 per, ECHG Yafn was SHER uBlbn R Rekona, Mnder OO HebRER) °

undr awn pentninote.fi ber yarn useful in bundle structures for
enhanced gransport th§tgaﬁﬂsf pag &%BQsLéeE&HRBFQQJQ hown 1n331%“d?¥'dua
fi bers, each hayin Cr oSss- secti_on consi sting our

arms of genera?%?eﬁqEﬁPss‘se"tP-Eﬁg?ﬁc’EﬁHtée& EsH AL BHRAYIERRe arms to
formthe H propébtiésUfof! Singlen fibere’ @D B —HibdOrMbew bBehdles

channel s t hat g neraII rectangul ar _in sh at .are
Spproxi mat o y A5EaPRRRERred GRARG EHEC At BEERGY ae aspor B0a Efannel s
contai ns two iexanpgde angl es that are approxi mately 90 each:.

Pol y(ethygene tereppijal-abfa, IQBEIB mBQE%@ﬂflﬁfﬂﬂgitles arfd & of 0.76 and

containing 0.2 _percent Titani

follows:. _
X~Factor 1.39 dimensionless
Denier per fiber 31.6 dpf
Channel width (avg.), - 124 microns
15 channel 1 (x,, Fig 33)
Specific volume @ 0.05 4.39 cc/gm
gram-denier tension-
Single fiber fiber area 2,659 microns?
Single fiber total 11,119 microns?
20 channel area .
Single fiber capillary 12,153 . microns?
channel area for flow _
Single fiber percent 100 percent
 channels <300 micron width
25 Single fiber bulk factor 4.18 dimensionless
Single fiber total perimeter 737 microns
Single fiber specific 2.84 cc/gm
capillary volume
Single fiber specific - 1244 cm?/gm
30 capillary surface area
Single fiber slenderness 27.1 dimensionless
ratio
Specific lig. movement force 0.0723 dyne/den
Single fiber initial 23.2 nm/sec

35 ' liguid velocity



dioxide (Tigerr) was used in preparing this yarn. The 25 pol ymer was

dried to the sane noisture | evel using the same equi pnent as in
exanple 1. The pol yner was extruded at 283[err]C using the sane. .

ext ruder we 98/07909 exanpl e 1. The pol ymer was spun t hr ouBOTAISYT4ED7

spi nnerette, nunbered 1-1148, containing 32 individual 30 orifices. ~The
details of each orifice and the general | ayout of the spinnerette

hol es are shown in Figs. 32C J6¢ Liber, which had an IV of

0.63, was spun in the samne splnnlng cabi net as in exanple 1. The

cross flow guench vel ocity was about 42.7 meters/mn. The spinning 35
| ubricant of EsafpberlbuAdiepPRhi€dano the filgar,zat a mm- sd® 98/07909 . ..
PCT/ US97/ 14607 - 107 - level of

1.02 percent usi hyH@ ¥&MRCELYi prent as in exanple 1. The

i ndi vi dual fi b8~€iberr byndle3thaginph Thasu® n waseA gdenshp) on a’
Leesona w nder aboégggiggtgiax per mnute. 5 A typical fiber
cross-section i s shown in Fi ber cross-section properties and

li qui d mo¥enenfingle fpbesemxéyuwor singl e 0643 and S {den*Rrher

bundl es wepatenesHledlusi ng the same nethods as described in

exanple 1. 10 Fi ber and liquid novengnt propertjigs arge a

fol | ous: MR g P Bge "opago O dipernioniresss
Deni er per fib&ingle fiber vergical dpf 3.49 Charewl width (avg.),
124 m Crons.s n 1 (x[err], Fig 33) Specific vol unme
@ 0. 05 %&éé after ?g R&h granidenler t ensi on Si ngl e
fiber fiB8r ar@&ndle VeZtGSQ risg crons[err]®-32 SirRe fiber total
11,119 m cr onglfeel] 180min. Cchannel area Single fiber capillary
12,153 nicrga§[ r] channel area fOF,;|OM/ ai g fak flber

per cent B per cent inensi8nfes

Notice that bundles of this excellently wetting
15 single fiber only slightly exceed the limitation of MPFy
exceeding 0.14 (cc- den*hr). This is very surprising!

Comparative Example 14 (H, PET, EGAN)
The spinnerette used was I-1148 with 32 holes (See

20 Fig. 32) and the spinning system was the same as example

1. The polymer was seﬁi dull PET with an IV of 0.778.

The spinning speed was 1500 meters~min. with a gquench

air flow of approximately 43 meters.min. at a melt

temperature of about 285°C. The spinning lubricant of
25 Example 1 was was applied at approximately a 1.1% level.

Fiber, bundle and liquid movement properties are
shown below:

X-Factor 1.76 dimensionless
30 Denier per fiber . 40 dpf |
Channel width (x,, Fig 34) 122 microns
Specific volume @ 0.05 4.96 cc/gm
gram-/denier tension
Single fiber fiber area 3,363 nicrons?

35 = Single fiber total 18,172 microns?



channel s <300 m cron wdth 25 Single fiber bulk factor 4.18

di nensi onl ess Single fiber total perineter 737 m crons
Single fi ific 2.84 cc/ gm capi | |

Si ngl e fiﬁ’??”ég’g‘% fic 1244 cnierr]/gm 30 ,J%,,%(ﬁ\@?@qe
surface area Single fiber slenderness 27.1 di mensi onl éss
ratio Specific liq. novenent force 0.0723 dyne/ den ~Single
fiber initial 23.2 nm see- A9 — |iquid velocity WO
98/ 07909 . PCT/ US97/ 14607 _

- 108 - 8-fiber bundle initial 53.2 - i sec

liquid vel ocity channel.arear pundl e naxi mum : 0. 1546 .cc/(den*hr)
potential fluxsfngle SEiee éapeiragpyi num 18,172 0. O4d%rong®/ (den*hr)
‘potential flux Mfﬁgerr] F[EérL . . 2.41 di nensi onl ess
Single fiber verfhdapel area'foy Hiow . ., " “riseafter 15 min. 10
Bundl e verti c#8ingle fiber percénB?2 cm 100 af tperddntni n.

VR err] VRt err] . I mensi onl ess _ Noti ce
that bundles of TrAEnelse %‘r’nt’?‘%"?\/\é{‘t‘u'ﬁg 5  single fiber only slightly

exceed the |infinglentipermplk factexceedi n§-6014 (ccimenpionless s
very surprisingingle fibefOtBeaRt pepilkeeP €924 (H PEhidi¥eid
%

The spinnerettg, used |-1148, w.th 32 hol e ee 20 Fig. 32) and the
spinning'syste§+ﬂﬁ etﬁgggﬁnﬁpﬁgl Gnpl e 3.49 ce/gu

capillary volume

10 Single fiber specific 1017 cm?/gm
capillary surface area
Single fiber slenderness " 30.6 dimensionless
ratio S
Specific iiq. movement force 0.0729 dyneden
15 Single fiber initial _ 31.3 mm/sec
liquid velocity '
8—fiber bundle initial - 57.6 mm/sec
ligquid velocity
8—fiber bundle maximum © . 0.19 ccs(den*hr)
20 potential flux
Single fiber maximum ' 0.10 cc/(den*hr)
potential flux
MPFg/MPFgp 1.90 dimensionless
Single fiber vertical 3.7 cm
25 rise after 15 min. _ '
Bundle vertical rise 9.7 cm
after 15 min.
VRB/VREF 2.6 dimensionless
30 This particular sample represents about the best

single fiber wetting “H” made to date. Yet, and very

surprisingly, the bundle performance exceeds 0.14

(ccrden*hr) by only 35% and the MPFz/MPFgy ratio is only

1.90. This compares to Example 6 which exceeds the 0.14
35 (ccrden*hr) limitation by 157% and has a MPFp/MPFgp



1. The polynmer was sem dull PET with an IV of 0.778. The spi nni ng

speed was 1500 nmeters/min. with a quench air flow of approximately 43

neters/mn. at a nelt tenperature of about 285C. The spinning

| ubri cant wef9os@B909 Exanple 1 was was applied at approxi nat eCT/aS%7/12667| evel

Fi ber, bundle and liquid novenent properties are shown bel ow. -

X- Fact or 1.76 - di nensi onl ess 30 Deni er per

fiber 40 dpf el width (x[err], Fig 34)

122 m crons Specific vol ume err] 0.05 4. 96 cc/gm

granl deni er tension Single fiber fiber area 3,363 :

mcrons[err] 3%Fraticid®lp4f7berciedly, better perigrin?x% buHIN 1 1 |

WD 98/ 07909 7/ 14607
- 109 - be Mads ST poorer %‘F’ﬁﬁ?’é“‘ﬁ‘%eﬁlngﬁl FaRprs. 18,172 .
m cronsferr] Baged npporarehe f Bightes of theScrgiss—isdotigqrs aefhitthe

100 h@ﬁ? d er
bul k factorperqgigmﬁhes and | N"en é?ﬁﬁfgggkféﬂg WE Eﬂfselﬁ§§§#%%6ﬂéﬂé)
- perimeter 3941 lengths and grkdths of fhe| armspef §BGCPFQ§S-SGCtl°Q517

cc/gm - aPgrd | meysweedane 10 Single fiber specific 1017

cnferr]/gm I1lary surface area . S ngl f| sl ender ness
30. 6 dlnen5|o§ﬁg tind of t951?5°ss-se°§b88ipgc%9 lﬁﬁVﬁhéﬁf force
0.0729 dymyekamnlb 1 Ikavegl tefigties betweeh about 2801§hd3360 micwrorsec
liquid velocityang a 18adtReto WiELE AL W) rangindy betwedH"55Can

liquid veIOC|ty
27 for the width of the arms about half way along the

arms.
For example 3, arm lengths are betﬁéen about 120
and 380 microns and LW is between about 10 and 28.
For example 4, the arm lengths are between about
15 100 and 400 microns and LW is between about 5 and 31.
For example 5, the arm lengths are between about 60
and 460 microns and the LW is between about 6 and 35.
For example 6, the arm lengths are between about
200 and 250 microns and LW is between about 22 and 25.
20 For example 7, the arm lengths are between about 40
and 700 microns and L-W is between about 3 and 35.
For example 9, the length of the "C" shaped cross—
section is between about 800 and 900 microns and LW for
the cross—section is between about 40 and 60.

25 For examples 1-8, the widths of the arms at their
midpoints are less than 20 microns and greater than 5
microns.

For example 9, the width of the cross—section at
the center of the "C" shape is less than 40 microns.

30 The fibers of examples 3 and 7 have two relatively
short arms and two relatively long arms. The two
relatively long arms of the fiber of example 7 form an
angle of about 120°. The arms of the fiber of example 3

- form angles of about 90°. The fiber of example 5 has

35 one relatively short arm and two relatively long arms.



8-fiber bundle maxi num : 0.19 - cc/(den*hr) 20 potential fl ux
Single fiber maxi num 0.10 cc/ (den*hr) potential flux
HPF[ err] MPF[ err] 1.90 di mensi onl ess Single fiber
vertical woo9s/07909. 7 cm 25 rise after 15 mn. PCT!US%‘)‘REHO’?
vertical rise : 9.7 cm after 15 mn. -
VR err] VR err] 2.6 . di nensi onl ess 30 ~This
particul ar sanpl e represents about the best single fiber wetting "H'
made to date. Yet, and very ~ surprirsi¥gt yr the bundl e perfornmance
exceeds 0. 14 (cc/den*hr) by only 35%and the MPF[err] MPF[err] ratio
is only 90. This, co res to Exappl e 6_whi.ch exceeds the 0.14 35
(cc/ den*hr) |i3ﬁ%t'~’r’fﬁ’f“%’f1 7%%%“-%%31’3 EVELY] Mo AYmS form ap .
98/ 07909 angle of about 180° and each reR@UIVEAY MYy arm forms

- 110 - tj.0. é. 5t elter rfQum.ng hundl es_can

be made from p(%?edrt?%gér f%fnizl?]%ug -@I-’_e*?‘?ge%ég r%e.‘l.atg.vel Basg'b?ft B the
figures of the crosThed@¥eperbieshef exampilesplleddamade summaprizedainons
of those fg gureapidanss. ALY hs and widths of the arns of the

Cross-sections wer e neasured. o The arns of the cross-section
of the fibers of exanpl e 1 have | engths between about 280 and 360

m crons and a length to width ratio (L/W rangi ng between 22 and 10

27 for the wwdth of the arns about half way al ong the ar ns.

For exanple 3, armlengths are between about 120 and 380 m crons and

L/ Wis between about 10 and 28. For exanple 4, the armlengths
are between about 15 100 and 400 microns and L/ Wis between about 5 and

31. For exanple 5, the armlengths are between about 60.



and 460 mcrons and the L/Wis between about 6 and 35. For
exanple 6, the armlengths are between about 200 and 250 m crons and
L/ Wis between about 22 and 25. 20 For exanple 7, the arm | engths

ar e. bet vveea,oaggw .and 700 mcrons and L/Wis between about 3 and
35. ¢P exanple 9, the length of the "C' shaped ECEASI14607
section is between about 800 and 900 m crons and L/ W for the =~
cross-section i s between about 40 ﬁig 60. 25 For exanples 178, the-
widths of the arns at their 50| nts are less than 20 mcrons.and-
greater than 5 m crons. For exanple 9, the width of the =
Cross-section at the center of the "C' shape is less than 40 m crons.
30 The fiRers of exanples 3 and 7 have two relatively short °
arms and two reI |vedu | ong arns. The two - ~ relatively long arns of
the fiber of exa faimaa v o angl e ob ahout 1X0[ abr]. ‘They ag My Of
the fiber of - gheﬁ;ﬁ S YomBngles & Jb@it 90[%”]8 The f iDef & -
exanpl e 5 has§3% ﬁqgl regatlgelhy ghort arc;'n fngatwo rel atjvel y Igpg cgns

WD 98/ 07909 @& S&39 SE PCF US97/ 14607

- 111 - For exa Ie5 thetworelatlvelylong arnms form an

angl e of about 180.and each relatively long armforns an angl e of
about 90[er] with Bheg@elativgl v short arg ~ o o Thegpropertd es

exanpl es 1-14%ar e, Qumghr |{zed 2ng§ Tabl e wog gA—I DS WOPBHOE909
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WO 98/ 07909

PCT/ US97/ 14607 - 115 - [err]
98/ 07909 PCT/ US97/ 14607
116 - npl es: Liquid Acquisition/Di stribution St
Exanpl es ﬂgﬂgﬁm%ﬁg In each of exanples 15-22, approxinate

milliliters (mM) of a textile tint was pour ed on the 5

structure at about 3 nl/sec.
fluff pulp was placed under the
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Pat ent No. 4, 245,001, which is the same as the net hod di scl.osed in

U S. Patent No. 4,829,761. The MPF[err]. 20 i ncreased dramatically from
0.002 (cc/den*hr) for the round cross section fibers to 0.171

( cc/ den* hr )WOSB0TML spont aneously wettable fibers. PCT/US97/1460e
cross-sections of the fibers of the bundle used in exanpl es 21: and 22
are shown in Figs. 46A-B. In 25 e | es 15-22, a perforated ~

pol yet hyl ene filmsold under~t bf and nanme Dri-Wave[err] was used
as the top | ayer and the flow resistance layer. It should be noted
t hat bundles of the fibers of exanples 1-9 formng the di stribution
| ayer in the absorbent article discussed 30 . for exanple 15-22 wl|
function to distribute the Iiquid reasonably uniformy along the

| ength of the absorbent Tg article. The propertles of

exanpl es 15-22 & 3 Y’k@dwi M o o ;anbed |° 35, R 5. .90 98/07909
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-118- ' [err] WO 98/ 07909

PCT/ US97/ 14607 - 119 -

[err] WD 98/ 07909 '

PCTL US97/ Ixyo®8107909 - 120 - PCT,US%@ e 23
Exanpl e 23 was a repeat of the test conducted in exanples 15-22 . .
except that the top sheet and the flow ' resi stance | ayer were_a
standard cal endar bonded 5 pol ypr opyl ene nonwoven. Essentially the
same results wer e achi eved usi ng thd3$ andard cal endar bonded

Examples: Liquid Acquisition/Distribution Structures
Exanmples 15-22
In each of examples 15-22, approximately 25
milliliters (ml) of a textile tint was poured-dn the
5 center of the structure at about 3 mlrssec. A 1-2-inch
thick layer of cellulose fluff pulp was placed under the
flow resistance layer to receive the insult. As shown
in Table II, the "best" liquid distributors of the
fibers tested in the sense of distributing the liquid
i0 uniformly over the length of the fluff were clearly the
bundles containing spontaneously wettable fibers.
. Bundles of fibers of the invention described herein will
perform at least as well also.
Table ITI also shows the actual measurements of the
15 maximum "pumping ability" of the respective bundles as
characterized by MPFy in (cc/den*hr). The specific
volume was measured by the method disclosed in U.S.
Patent No. 4,245,001, which is the same as the method
disclosed in U.S. Patent No. 4,829,761. The MPFy
20 increased dramatically from 0.002 (ccrden*hr) for the
round cross section fibers to 0.171 (ccrden*hr) for the
spontaneously wettable fibers.
The cross—sections of the fibers of the bundle used
in examples 21 and 22 are shown in Figs. 46A-B. In
25 examples 15-22, a perforated polyethylene film sold
under the brand name Dri-Weave® was used as the top
layer and the flow resistance layer. It should be noted
that bundles of the fibers of examples 1-9 forming the
distribution layer in the absorbent article discussed
30 for example 15-22 will function to distribute the liquid’
reasonably uniformly along the length of the absorbent
article.
The properties of examples 15—-22 are summarized in
Table II.
35



pol ypr opyl ene nonwoven as the top sheet and the fl ow

resi stance | ayer
as when the perforated pol yethyl ene

filmwas used. 10 Exanpl e
24 Exanmpl-e 24 was al so a repeat of exanples 15 1407 EXCept
t hat a towozis®@09avail able fromMerr]lnlycke (i.e LS

- anot her pol yirer

film was used for the top sheet and 15 fl ow resistance Iayer Agai n,

simlar results were obt aFn&d7as in exanples 15-22. Exanple
25 Exanpl e 25 was a repeat of exanple 19 except that 20 t he
fl ow resistance | ayer was the polynmer filmused in exanple 24. The
liquid acquisition distribution system of exanple 25 increased the
distribution of the liquid : toward the outer one third radius of the
structure. 25 Exanpl e 26 Exanple 26 is a conparison of
performance of hydrophilic surfaces to non-hydrophilic surfaces. The
acqui sition/distribution of a clean (i.e., uncoated) Dri - Weave[ err]
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Exanple 27 5 Exanpl e 27 involved a structure having Dri-Wave[err]

as the top layer and the flow resistance |ayer, and the di stribution
| ayer was a thermal bonded (85% fiber/15% bi nder powder) 4DG nonwoven
fabric. 4D®98070% Cr o0Ss- section of the fibers of tircTwsyihssonf
exanple 22 and 10 are shown in Fig. 46B. The 95.7 gns/neter[err]
nonwoven was aligned with t_hlg machi ne direction of the nonwpven
bei ng parallel to the major~aXis of the structure. This
systemdi stributed the |iquid but was not as effective : as the
structure used in exanple 19-22. 15 Exampl e 28 The
| iquid acquisition distribution structure used in exanple 28 is
shown in Figs 47A-B. Notice the 4 cm wi de section in the flow .
resi stance layer which is 20 inpernmeable to flow. This systemused. the
bundl e material used in exanple 21 (shown in Fib. 46A) as the
distributionlaﬁr and glve ex,cellent dlstrlbutlon of - . the liquid to
t he outer ke radi § ? yeture. 29 Exanpl e 29
An absor be Hog R on iq 4»-—! :>.cu-acqu [ tu@-m/::dmsml buti on
structure L? @I?fa%pl% %gq L' gs Ecﬁlcfﬂ;s st®wn3id BHg% 5 51A- B.
Notice the E&tﬂr’@iedﬂt o,ﬂ nsui§ Stk gprtz\ce‘;'(ﬁ ,,;_-{F;@srral |
apertur e 578 cs nﬁ%etﬁggé‘t{g%grgl o2 e“%"% §£m > 0
centime ersu,,:ﬂge er e
centimeters. Upon an | nsd{ﬁ t Ho th"é top gegtﬁ.n;eg 7fﬁ gb'g\fé %ﬁ’e perture
574, the liquid 35 distribution |ayer 572 subst antially uniformy
WD 98/ 07909 PCT/ US97/ 14607
- 122 -
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distributes the liquid through the apertures 573, 574, 575 in order
to nore uniformy communicate the liquid to . t he absorbent core. The
top | ayer maS'EXi-VEave[err]. The distribution layer 572 consisted of
a 30, 000 Ogw) gfore bundl e of the fibers of exanple 6. Themessraiance

| ayer 577 mas a polyethylene filmhaving the aperture 573, . -574,
and 575. The structure allowed the liquid to contact the absoxbent
core 578 at three distinct points- 3119 -to increase the utilization of the
absorbent core's 10 material. Cbviously, the nunber of openings, their
si ze, shape (e.g., round, rectangular crescent, semcircular), and.
| ocati on can be sel ected bo ngV|de the desired distribution of
liquid to the core. Each & openlng shoul d connect -the distribution

| ayer to the 15 absorbént;bﬁre and shoul d be in comunication with the
insult region via the dis rlgpgron | ayer. The distribution | ayer
572 may be a bundl e of an o8 of the fibers of exanples 1-9. Preferably,
t he di@trcﬂﬁtlon | a 3522 conprises a bundle of the fibers 20 of
exanple 6. 5 8 88 %Yiber ment System Fig. 27 shows a
fiber wetting3hga® §pﬁn 300 useful for determining a

liquids veI@ o fiber or the bundle of fibers. The
system 300 |®§Eyd5 @:’E

ge video display 301 for displaying high
quality ﬁ§$é$}bﬁ | i ir-solid interfaces moving al ong the
surf aces. of "E‘I'Té e Sr t“’n

dlve of fibers, a conput er anal ysi s
system general |l y indicate 2 530 i ncl udi ng a conputer conprising
i nput out put devi ces, a tr4l processing unit, and nenmory, all of
whi ch are functiona eﬂrelated as is well known in the art.
The system 390 al so inclu uid reservoir 305 in which there is
one end of &@tube 307 for reing 35 the liquid fromthe |iquid
reservoir 30 aliquidp _

WO 98/ 07909
PCT/ US97/ 14607
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306 for punping a netered anount of the liquid fromthe l'iquid

reservoir 305 through the tube 307 to a fiber - retaini ng mechani sm-
308. The fiber retaining nechanism 308 positions the fiber.or 'the
bundl e of flbers ret ai ned 5 t her eby between the video canera 304 and a
means for WO9070%, oy ding uniformbright field illumnati oRCSY87HAY
nmeans for prOV|d|ng the uniformbright field i1lum nation 309 may be
a conbination of a. light honogeni zer and a fluorescent ring shaped
i ght source 10 wherein the |ight honogepbgeL. i s between the fiber
retai ni ng mechani sm 308 and the ring. shaped |ight sour ce.

Fig. 28 is a top-sectional viewof a liquid di spensing tip 310 for
provi di ng a net erBanmpieirg3d of 15 liquid to the fiber 307 shown in Fig.

27. The radii - 315 2 063

I nches, 0.096 inches, ]%%aénpgl]eo% aa%es erespec c&?é tgs'l]: é°h$ﬁg€3 tg‘ -
punp (not shown)ﬂﬁﬁﬂp &ﬁnﬂﬁsﬁ%ﬂﬁptlﬁﬂﬁ%lthe t°Pd%h¢9§r9n@ntben§ﬂ9W 20
Fig. 29is a SI d&éﬂéﬁéﬂ&é 1& Qlexl Sé’eéﬁﬁidét& calendaBlBondBa | engths
316 and 317 Sﬁﬁft about ffheé res ectlvell¥:ﬁ

The system 36%"5"1? e’b%l’?%‘&’l%?r‘nf ?%ﬁ%na Y the ﬁa RohPRY
novenment of theIwena(hchievzﬂlublﬁgithelst&mdamé eadendakebbnlled or the

bundl e of fibers %prnegaﬁétéq&)& vl é .E)ﬁéll g?r’rgﬁg |§%3Q§e }Ij_%wsystem

300 prOV|JEs rn1ne herefore
to deternine NPFreﬁiﬁ%ﬁﬁﬁﬁnk#Y%ma?§§W%e%y%h%dP%UﬁOFQted polyeﬁbyﬂ&mmed to
identify the |iquthmiwasQldel] nterface 30 position along the fiber in

each frane q% i mage data and to calculate the Initial Velocity, Vo,
of the quJi air-solid interface using that data. Details of the
conput er programBxampke IHrth in the Appendi x. WO 98/ 07909

PCT/U597/14607 Example 24 was also a repeét18§ examples 15-22

except that a top sheet available from M&lnlycke (i.e.,

another polymef film) was used for the top sheet and
15 flow resistance layer. Again, similar results were

obtained as in .examples 15-22. |

Example 25
Example 25 was a repeat of example 19 except that
20 the flow resistance layer waé the polymer film used in

example 24. The liquid acquisitionsdistribution system
of example 25 increased the distribution of the liquid
toward the outer one third radius of the structure.

25 Exampie 26
Example 26 is a comparison of performance of

hydrophilic surfaces to non-hydrophilic surfaces. The
acquisitionrdistribution of a clean (i.e., uncoated)
Dri-Weave® top éheet and clean Dri-Weave® flow

30 resistance layer were compared to the
acquisition-sdistribution structure in which the Dri-
Weaves were -coated with a very low level of the
hydrophilic surface lubricant Pegasperse 200, available
from Lonza Inc. of Fairlawn, NJ. The structure with the



The liquid supply to the fiber or the bundle of fibers is controlled
by a netering system which includes the liquid punp 306 to provide
the desired quantity (a nmet ered anount) of the liquid to a | ocal
reservoir 3WOPSNOINS  of |jquid adjacent the fiber or the bun®GI6S9714683rs.
The metering systemincludes the dispensing tip 310 shown in Fi-gs: 28
and 29, for receiving the netered anount of the liquid. The ar¥ow at .
the bottom of Fig. 29 indicates the dir SFIOH of flow of the netered
anount 10 of the liquid fromthe tube 307Jto the |l ocal reservoir

310a in the dispensing tip 310. Fig. 52 is a photocopy of a

phot ograph of the gddiipers azd@tﬂgleﬂeaff@aahga}f@gﬁ ahowtaga&%%r& 1?13@@1

the fi ber retadl ni'ng, cl anps , and | ber 582 retain

the clanps 580, 5&APablhbity fdian &khe nphEurturgnhawinggthe clean

fiber 582 adjacent and directly above the. center of the | ocal
reservoir 310a. e ar{ow59n t he phot ocopy of the photograph points
in the up dlrectl The netered amount of the liquid is sufficient’
to over 20 5fill the Example e22r imvolgedaasstriaturke havinigd Dri-Weave®

prot [ udes above e UBRET co {266 odnalEnel 18k FE3EEKANCe 1ayertldhdihe

t hereby contacts and surro ortiron o

above the |ocal ré%%ﬁ?%#?“@ﬂ%%.layer was a theymad3bppdgd,{§565c Fhpa3r Ib*
phot ogf aph of an lmm@eQSPowdéf)antnwﬁoﬂﬁaeéﬁt deeact.hemw% WHHEE Crddls-by

h d 304, Th fib
the 11 quid di spencyoRetep a% othe £ TREFR 68 Ee) pradles or exemtie 3 ang
t he verticallQar keare | sho®d5in Thigho46Bont ®The 95.7 ghswmatbﬁé n@&mamdnlwas

a visual region of
582 i s suspended s ai{ﬁﬁé&s&iﬁﬁ t5d m??ﬁ%he g§§e%Q p&e??ly %bove t he, top &

t he I|qw(jEﬁ§$%%§1n§°tFBeEEBJ°FTﬁ§1§rPSW*BR S UG This { [ gne
590 shows the up déyetéhoaistributed the EuQula%lu& ezascliuwatalsﬁ efffddicive/ pe

of histogram 35 gggera §90L£9g1aggdlnaggx%%% e qr_&@e pur pose of
setting
PCT/U897/14@GY - 125 -

Example 28

The liquid acqulsltlon/dlstrlbutlon structure used
in example 28 is shown in Figs 47A-B. Notice the 4 cm
wide section in the flow resistance layer which is

20 impermeable to flow. This system used the bundle
material used in example 21 (shown in Fib. 46A) as the
distribution layer and gave excellent distribution of
the liquid to the outer one third radius of the
structure. o

25
Example 28 ,

An absorbent product containing the liquid
acquisitionsdistribution structure used in example 28 is
schematically shown in Figs. 51A-B. Notice the liquid

30 is intended to insult the surface over the small
aperture 574. The diameter of the small aperture 574 is
0.5 centimeters. The diameter of the larger apertures
573, 575 are 2.0 centimeters. Upon an insult to the top
layer 571 above the aperture 574, the liquid

35 distribution layer 572 substantially uniformly



a threshold for determ ning when to begin i nage data collection in

the systemshown in Fig. 27. The hori zontal axis in Fig. 54
identifies a digital value of intensity associated with the |ight
recei ved bYWOS897908] 5 in the video canmera 304. The ver pctalsofidesr i
Fig. 54 i dentifies the nunber of pixels having each digital . . -
val ue of intensity. Because of the bright field i1lumnation_due to
the illum nating neans 309, all pi xels_in the RO have an intensity
towards the upper 10 end of the intensTtV%c‘él e. - The histogramin Fig.
54 I ncludes data only for the pixels in the RO between the

l'ines 583, 584. g3 i Fi |: S0 4 hof i qital_ value
I ndi cat ed aésg:,é'b%;ﬁ?gslﬁo d%‘gﬁejﬁt k?rhg?ﬁg:hd tl%ze }p\%ﬁl}@%iaﬁ#‘af%"é’ 15
graphi cal |y det ePAPné® B¥dere topamozeounsdiformlys pemmunicate sthwiliquid ¢to

27. The threshol gheesagorbentn coMetNSithe top 1a{rSddBri-u /L |
| owest digital VS" P a‘&% n tjlhe %%Vnd%%ve

5y for . . I ntensi ty of an I xel |

the digital . §§F&§“F&P“t haYeEF: 212 ﬁ?n&“gﬁq@&ﬁ PP B0 Aeniry or 20
the bundl e Bf fibundlehef the fibersooft kxamid &.0f The redidiircd s1ayis ed
by the liquid in e ser yai ' i . Si st f 1 I mages
01}/ t he RICqu591I-SSZIa vas gaﬁgg?ﬂ:g?éﬁ{let F%£$%%§s%%}t§'}%e§eg ent igal
in time, sRéGirngPEn&7Reve@bst struchane @lilewsd the idiqsid tonterface

from where the | contdctoghaChbsbibentbeor® 578 at ith-du il Bicd i%l?ilflzs _
al ong the fiber 25 g_ fi.bers. shows the [1quid

e_bundl e. of . he 591
air interface %f&?*hghﬁdl%zm ﬂfe-gt"‘ieql%%ﬁ% N 1GRX ] er f ace
592a. The R 593atkmislt heObviouslyi,r thel mimbeiredfopeifings SAteir | n the
RO 594, the |iquWidsai chagk! Jel BLET | S d fhe right end edge
of Fig. 55. The con\?éx B _ qﬁeﬁféc%g% SoveR %}r%g:ql i"‘I uelsagea{ﬁ' i nterface
above t he FPBdrATEndpEdsi AGS lgcatdans camole iselentedOits Provide
Fig. 56 shows a thdedesiga Aisitydbi®idrdoNieRla I thd Ydpd 2 Usksh for
cal cul ati ng val ug‘% 601 dﬁta f,rom a \éo /,07909 . '
PCT/ US97/ 14607 ening should connect the distri on layer to the
15 absorbent core, and should be in communication with the
insult region via the distribution layer.
The distribution layer 572 may be a bundle of any
of the fibers of examples 1-9. Preferably, the
distribution layer 572 comprises a bundle of the fibers

20 of example 6.

Fiber Measurement System
Fig. 27 shows a fiber wetting measurement system

300 useful for determining a liquid’s velocity along the

25 fiber or the bundle of fibers. The system 300 includes
an image video display 301 for displaying high quality
images of liquid-air-solid interfaces moving along the
surfaces of the fiber or the bundle of fibérs, a
computer analysis system generally indicated as 302

30 including a computer comprising input-output devices, a°
central processing unit, and memory, all of which are
functionally interrelated as is well known in the art.
The system 300 also includes a ligquid reservoir 305 in
which there is one end of a tube 307 for transporting

35 the liquid from the liquid reservoir 305, a liquid pump '



series of tests 602, and cal cul ated val ues 603 based : upon the

experinental results shown in the graph 600. The graph 600 is a
graph of Rp6iepge versus tine for the | ocation of thg 4607
liquid-air-solid interface along the 5 | ength of the fIET ggb

Use of the Fi ber Measurenent System The Vo determination

i ncl udes the foll ow ng general ~procedure. A tensioned ([err]J0.1 g/d)
fiber or bundle is 10 nounted to the i B@B retai ni.ng nechanism 308 in a
predeterm ned location within the field of view of the vi deo canera
304. A fixed netered volune of test liquid (L.e. Syltint[err] Red or

Red Test Sol uti oPP§ % RHFRinGd metered RypPuRt wt#@h iguad| Exomhghe -
fixed volume of Niigiil réservobeBi®rtRroudy €hé i behe NPaUESTRNELIDAY -

opposed to a hundl e ne surene 00 77 mlliliters[err

vol ume of Iiqui d YRREPRE PisF n%@% r#l%% er reéal%é??. ﬂ&"—'{“ﬁé‘lgm
met eri ng punp I|@m&jpnﬂ:ﬁmnnsﬂthemﬁiheﬁjﬁr)the bundIhIafffbherblreyalned
digital vid fr gggwg§h n C e 02's
menory for %Operl 05 @ oﬁéﬁese%g%eo é%ﬁ%{-%leﬁ@ %'{; eﬁFHir'l% ge I ned
by the sqtP&'r%Wc#H!Q‘Ié‘%%‘?ﬁhc‘%r%gla‘?/ef-bﬂlﬁyi%%‘émﬂlﬁﬁianfPBﬁt— The _
versus time is deder{riB nisk p&dnem:tnch&mesnifémrbnght f£semdl ar procedure

d d ] | b
cotimted from o POEGHACGE 365 naY p&°a cofpfRRtiSh o8 ar A LBRRT) o
liquid vel ocity \npmogenizéxs amd cal ’él@drgscqgttnangoshapad light source
Vb(”“fsec)ihs‘N“%ﬂﬁﬁéiﬁ]éﬁégi%é 8h8ﬁgg§ﬁfie}[fér$etween Fhe £ibele

capillary channel area for deni_er pe I'anent (dpf)
are deternined. kﬁ&ﬂQIQRShanlsm 38R aand| theching, sShpBRY digBter m ned
as descri bed her eéddurce. s well known in the art how to determ ne

;2;/6;8;?;4607'l of tpe f'f?rls a top-¥%£g AQZ? viﬁv of a liquid
dispensing tip 310 for providing a metered amount of
15 liquid to the fiber 307 shown in Fig. 27. The radii
311-315 are about 0.029 inches, 0.125 inches, 0.063
inches, 0.096 inches, and 0.076 inches, respectively.
The metering pump {not shown) provides consistent liquid
delivery on demand.
20 Fig. 29 is a side-sectional view of dispenser tip
310. The lengths 316 and 317 are about 0.35 and about
0.60 inches, respectlvely
The system 300 provides for collection of image
data showing the movement of the liquid-air-solid
25 interface along the fiber or the bundle of fibers
- retained by the retaining mechanism 308. The system 300
provides a means to determine Vo, and therefore a means
to determine MPF. The computer analysis system 302 is
_ programmed to identify the liquid-air-solid interface
30 position along the fiber in each frame of image data and
to calculate the Initial Velocity, Vo, of the liquid-
air-solid interface using that data. Details of the
computer program are set forth in the Appendix.



From Vo, dpf, and capillary channel area for f |ow, t he (two-way)
MPF[err] in cubic centineters per gram per hour is cal cul ated as:
Two-way MPF[err] (cc/gmhr)=2*0.1620*Vo(rmi sec)*(capillary 5 channel

area for fwo®s/Tm2rons2))*( 1/ dpf) The arbitrary PeTrgséviaéort he
fiber used in the above formula is 20 centineters. Thus, the.weight

I n grans of the fiber is the weight of a 20 cm | ong pi ece of~.the
fiber. 10 The "two-way" cal culatio %f:counts for the fact

that the liquid noves along the fiber in'bgl[ directions even though
Vo is determi ned only on one side of the | drop contact, which is why

the two-way. MPF defi nit O ' ugdes f gq

measurenents and 15 rhe Ef'gull sghgigrggcg% ucte on atesﬁ%fﬁc e%[ onfurrber
of fil amehiRers aévspaﬁreﬁ#ﬂswcm petexing @ystem which finaludes
for a given typetné ﬂ.h?ﬁﬁ.d(puﬁp, 306f tBeproviae threomci-é‘d Qishtsiiy\n@ ette

aperture under a_s condi S nt s. of t-he fi ber are
cut and 20 tﬂFggrﬁgagﬂPMM ?g Fhﬁhi %IHF‘HV\%I"% %véietﬁﬁ ird

made on each of oficlijguid afljakenti n:hle fﬁ.beraou:otwie dfundle of sﬁ:bbgrs.

Lo detornine Vo, toe"BeBefify Lpeely TRETUAEE Td aispendiiy ﬁﬁ?ﬁ&je?ffdi s
quite 25  arbFheypyin i CATE ap§ ?ﬁe %ﬁm Faaedivene e, nater

fem ni ne napki n. afbuat €' thes 1ciqniader ThieOArdw at the IHBAHBWISE l:zeig.eve

that a nore stan nit.s m f.Qr FJsS C centlrret
deni er per hour gg/ s'ﬁ‘ Ffé It' e dlfﬁgitégﬁ' ff%gﬂﬁs% %"fnt
conver si on1Pr om of0the da..qyg.df Exrpnt dhec thdbensi07) md:i'ggasldda?l Ilsﬁmﬁﬂ'vwxrt he

equation for MPF3hiham;20+6@ cause 9,000 neters is
t he standard Iength ch)'r t& Eqs?,e%gqngett%saﬁe of the MPF val ues

reported herein are i Fige/ B@edsn@) !’1»'15"'-"°‘=°1-"|YnI"e!‘-ss?l (le’é@%t%ﬁ dehe Thiber
conversi on of MPretaininged%Haniddd 308 showing the tlp 310, the fiber

PCT/ US97/ 14607 retaining clamps 580, 581, and a fiber 582 retained by
15 the clamps 580, 581. The fiber retaining mechanism 308
retains the fiber 582 adjacent and directly above the
center of the local reservoir 310a. (The arrow on the
photocopy of the photograph points in the up direction.)
The metered amount of the liquid is sufficient to over
20 £ill the local reservoir 310a so that the liquid
protrudes above the upper surface of the local reservoir
310a and thereby contacts and surrounds the portion of
the fiber 582 directly above the local reservoir 310a.
Fig. 53 is a photocopy of a photograph of an image
25 frame 590 generated on the image video 301 by the video
camera 304. The image frame 590 shows the fiber 582,
the liquid dispensing tip 310, the horizontal lines 583,
584, and the vertical marker line 585. The horizontal
lines 583, 584 delimit a visual region of interest or
30 ROI. As shown in Fig. 53, the fiber 582 is suspended so
that a portion 586 is directly above the top of the
liquid dispensing tip 310. (The arrow on the image
frame 590 shows the up direction.)'
Fig. 54 is a schematic of the type of histogram
35 generated from the image data for the purpose of settiné




(cc/gnthr.) to MPF (ccden*hr.) is acconplished by the foll ow ng

equat i on: MPF(ccgm hr) * (20cm 900, 000cm = MPF(cc/ gnthr)

*(1/ 45,0 (cc-den*hr) 5 Thus dividing by 45,000 converts to
VPE fron3969w0%@g/(gnfhour) to cco(den*hr). Dur E&SYS

procedures for determ ning the val ues for MPF of a flber or of a
bundl e of fibers care is taken to avoid stretching the fibers, to
avoid crinmps in 10 the fiber, to avoi-d gepakation of wetting liquid in
t he © punping system to maintain roomtenperature (21.1[err]C :
and normal hunmidity (65% Rel ative Hum dity) thereby avoi di ng

condensati on, t® th¥eshohdsferi detarmipingawhen to dwgimsimage atdl e to

observe the pOSééiPéb@ioﬁhfn tRe sybtap Qn@samt fi% fpllger,zvto appd d novement
of the fiber peasyr enent g, t.0 avoi d cont ami nati on of

du g the
the fibers. h°r12°nta¥r%¥ﬁ-§| B Fagei pé F'quné'- S&digiFal, value of he

met eri ng punp tinténsﬁﬁythséoelgtédnwiehlth&eUhMME(rbcéIbedtﬂyiaN§EXe1
corresponq§ to livere

Thi
acconpl i shed by ege??u@gr\é?%rp OE‘h?eygFé‘Il - ’gt,salllg‘s e’t‘-ﬁ r%% (say
100, 200, 300, Ima)tlf es theanuubky pél pixelshdhawimyg edch ghigiteabr of

tines at v&Pee OF iﬁeéﬁsﬁeyt' Ng3 o %%Orth@% igb a' mes, 25
respectively), and djiverting_t tint _di scharge unp into

a cal i brated 101¥+“B+B§§1€?I¢HGeF° FH@ il umlnﬂﬂ%ﬂﬁamﬁaQScﬁﬂﬁi 1ected at
each setting ispilkg¥igefinb¥he ROI hbke awThigitedsity wavdrds Qﬂ%)upp@ﬁi

that settjhg to alib ate.the net er|n u etti he v une of
30 I|qiu(|pd deT (\i/e?gdtg? f‘ﬂ F“?& |ﬁ§ e' el %ﬁ%’%}'? SJC%1 f the
syst em 300 shouincbuéeSbéata onlyc £loirh thiee ¢ ivze Jan sy echeh RO Heetween he
automatically j33ineg ggserggped in the conputer based upon the imge data
correspond to physical |éngths. The videg scale should 35 be_ calibrated
when a change has beEi9nmnif RASPhddgngdSies a digidmbApjgle indicated

PCT/ US97/ 14607 as the threshold. The threshold -isl3d value that may be
15 graphically determined by the operator of the system
shown in Fig. 27. The threshold is set to an intensity
value that is below the lowest digital value for
intensity of any pixel in the ROI and -above the digital
value for the intensity at a location of the fiber or
20 the bundle of fibers when the fiber or the bundle of
fibers is wetted by the liquid in the reservoir.

FPig. 55 consists of four images of the ROI 591-594
at different times. Images 591-594 are sequential in
time, showing the movement of the liguid-air-solid

25 interface from where the liquid contacts the fiber or
the bundle of fibers along the fiber or the bundle of
fibers. The ROI 591 shows the liguid air interface
591a. The ROI 592 shows the liquid—air—solid interface
592a. The ROI 593 shows the liguid-air-solid interface

30 593a. In the ROI 594, the liquid—air-—solid interface is:
beyond the right end edge of Fig. 55. The convex
meniscus 595 forming the liquid-air interface above the
liguid dispensing tip 310 is shown in the ROI 594.

Fig. 56 shows a video image including a graph 600,

35 formula used for calculating values 601, data from a



canera or in the lighting system such as a change in t he vi deo

canera's position or focus. The video calibration may be acconplished
by placing a ruler in the location of the fiber sanple holder so that
aten 5WOIO09 neter section is in the field of view andPGCRPSATIRENT

the external |ight source so that the ruler divisions are clearly”
visible. The ten centineter length of the rul er can be defired in the
i mage data and the conputer's variabheg Ldentifying the scale may be
10 adj usted so that the conputer's cal cul ati ons define the

centineter section of the ruler as ten centineters.
Det er mi nati on ofseiticed ruf itRlstéelena | yarmd ¢aXpiilhted vahhwgswebasédl eis

very simlar to ter atlon of oci t quid
al ong the singl é'&?rb%bdtﬁi ’b"'ra}]rm‘ﬁf"&‘%]e% vhi Jra"é ‘}f{h q’F@éE %8 nts
are made Peen gz'apln(ﬂw dfs fa learaplyrefipes itoien eersus bime hfiorathe
single fiber. Thgd a@l-%oﬂ P HL! &Jé&f@r‘fnterfacéofigﬁ% used

for single fibers. ferences bet nmeasur enent s fibers
and bundl e® of T ff the £ %éq%'ed bel ow. Sarrpl e

preparation for use in the system 300 of a bundl e -of fibers includes
separating singl I ber nmeter long full yarn
strand and thennesé é)f i ﬂ;ﬁ?ﬁ) lf%aés‘f%%%e%faf& ers into an 8 fiber
bundle 25 of essdfhe HNo yderexmpinationcincludes the followingi ganeradr
tensioning are Cﬂf&%ﬁ& et &éionea (i1t ﬁdj’“f‘fﬁdrcéf‘tbﬁﬁéﬁé kang

bundl e to _produce a bun ensi on out. 0. denier on the

bundl e (bdfed ofrcunted ?%é‘q%t%}b%rﬁ%FaHI-?%é“mﬁm IPR bBndle is
pl aced 30 i rpﬁwbarximed)fldmimbahmimtmg fiepaesfoviéweof the

Loget hor and as FRISh | aia ol £ixed Wbeefid Wiflme of, s8Rk catifia
three separate |Qceei BS¥lint® Red erackedi Pesy Selutihenkrisohyoughtl énto

Measur ement s ar ontact WP WP$hdle. The fixed volume of liquid
PCT/ US97/ 14607 13 9

used for a single fiber measuremént'(aé opposed to a
bundle measurement) is 0.00677 milliliters®. (This
volume of liquid was provided in the system 300 by
setting the metering pump ligquid volume setting to 115.)
Data from thirty digital video frames per second are
20 recorded in the computer 302’'s memory for a period of
four seconds. The slope of the line defined by the
square of the distance traveled by the liquid front
versus time is determined. A least squares fit or
similar procedure may used to determine a value for the
25 slope, or the slope may be estimated from a plot of the
data. From this slope, the initial liquid velocity Vo
is calculated using the formula:
Vo (mmsec)=[Slope (mm?/sec)/(4%0.022 sec)]1/2,
The capillary channel area for flow and the denier
30 per filament (dpf) are determined. The capillary
channel area for flow is determined as described herein.
It is well known in the art how to determine the denier
of the fiber.



obt ai ned from approxi mately 20-bundles for a total of Si xty wets.

A volunme of liquid of 0.013984 m for a bundle of ei ght 50 dpf
fibers and a volune of liquid of 0.033198 5 m for a bundl e of eight
150 dpf Wdapeser9ems net er ed. The volunme of |iquid thBETAUSIHA68T ed may
be det er m ned in accordance with the netering of |iquid described
for _ nmeasuring individual fibers. Generally, the anount of -

liquid netered per neasurenent is a consfajyyplus a 10 vol une linearly
proportional to the dpf of the fibers of t he bundl e. However, the
exact amount of liquid netered per measurement is not critical.

The use of the systerraﬁovbordgﬂeamnmimary channelXi 2&a ppbenElal,f | ux

(MPF) and the | Vbloc t i s described hereinbel ow in'the
di scussi on of F]Egé el 7i&8€SFd|8 ‘(é‘ﬁgéﬁ ?i TS M5t eqrr??(ﬁ?ﬁm f or
det er mi ni ng MPFheyrsée tedehlatedhasAppendi x. : Fig. 57 is a
fl owmchart show v | e - @

Hofag/ REYLCVCELah M) =240, 1808 %t(g@l/fs%ﬁ %% £114

and Vo using the sys Wwn i n gure
i ncludes the © ann?&ba§F30fPFhﬁlﬂﬂ)Gﬂicﬁﬂaﬁ R system 300 for
data - coll ecti ghe aiBitwaryl g.@rngtﬁnn&o}tﬁé)rfﬁaswmsw fat ahe above

t he sub-al gorithm 702 fqr alyzin ata, a t he rout
703. 25 28 ziass} s%@vm TS go% f‘l)‘?l%‘él‘tf‘ﬂggﬁﬁms ©
for data coll ecthsnf\mnecrhlsncthedmm ofalee 2fetam Miongigpiece ofakherithm

704 and the thre setting al gorithm 705. . The scal e
determ nin algorlt m 704 |ncludes t he step 705 of pIaC|ng a ruler
in the fidPd of viewThe {"t¥wo—say" Q§%ﬁ¥¥ﬂ§ﬁQﬂuﬁqu¥ﬂﬁ¥ripﬁlHBS afdra 304

as the fiber that the 1I161u§hemom al:wh Gumésrﬂeér niMdbéthi Alieewdionsong
the i mage of the_rul egiln AL deo 301 - narked
wi th graphical ﬁXFE‘eﬁé‘ &9%[ 1 %d%"ef ‘b]'r pcﬁ‘?c%xf' |ﬁf'3?f gge &uch as
a nouse. |n stégop0tonthaet,3Whichadisiathy rithe vwommtdefﬁ.mtpomt sis
IrD?:'Ia'? UfSSrB(lemlzlg& inc1u¥eP% FaWdr of two. These mea?ur':ements and
i5 calculations are conducted on-a sufficient number of
filaments to develop statistically sound data.
Typically for a given type of fiber (i.e., a fiber
produced from a spinnerette aperture under a set of
conditions), twenty pieces of the fiber are cut and
20 three measurements of the initial liquid velocity are
made on each of the piece of the fiber, for a total of
sixty measurements. The average of the 60 measurements
(or wets)'is used to determine Vo.
- The 20 cm length used to calculate MPFg, is gquite
25 arbitrary although it is the approximate length of a
feminine napkin. After serious consideration the
inventors believe that a more standard unit system for
MPF is cubic centimeter per denier per hour cc/(den*hr)
instead of cc/(gm*hr). The units of conversion from
- 30 cc/(gm*hr) to cc/(den*hr) changes the length in the
equation for MPF from 20 cm to 9,000 neters, because
9,000 meters is the standard length for the denier unit.
All of the MPF values reported herein are in cc/(den*hr)
unless otherwise stated. The conversion of MPF



- 131 - indicia on the image of the ruler and input into the

conputer via the keyboard. The conputer runs an algorithmto

determ t nber of pixels spanning the i nt erval t he
two poi ﬁgﬁﬁ’ﬁﬁgt ep 708, the 5 conput er cal cul ates thet (gﬁ%%qg pi-xel s
per | ength by di vidi ng the determ ned nunber of pixels spanning the
interval by the length of the interval, thereby determ ningthe scal e
of the image of the fiber or the - bturnR® -of fibers 582. 10 The
purpose of the algorithm 705 for setting the threshold is to enable
the conputer to automatically recogni ze and | ocate the

|'i qui d-ai r-sol i (FFATRFREED, tﬁnHPF (ccggnthxr-dbyisrasaanplishedvhyickhent of
t he I|qU|d alongolloWlnghg haegbf;of the fiber or the bundle of fibers. In

Lo S0 R RS e e B T T
e region in i ber e
RO in Figure 53 *$1kuﬁmoed)te'MPF(ccVHenﬂupkwlbetmeen the two |ines 583,
584. In stgp 710, t e ogr am of

t he 20 ngtjrrber ver sus gﬁaﬁppz >€e| I nt gﬁ%#%/é)f% %ﬁ Héﬁ' pi xel s
in the region d?c(hgé?bgﬂrhnﬁodP§ﬁK§?th§)plot on t he i mage vi deo
301. SI ncpui-if Siﬁﬁbeﬁk%@th&@sU%i- Td@:é}.&hﬁhin i ehé values

backgr ound prov s 309, e p| have,an
intensity tomar ?ﬂ§¥uﬁge?ngﬁ e%; Ofh & S@;%3n41 e?% FAY St HE
hlstogran1shomntaheﬁ|go 8¥olids sitredehiing the fibé@e;dﬂnrdwoiﬂecnmmps dmd
of the diggtiz n ty C h o]
appearlngﬂ?n “nt t§9§k54t? ﬁgfég %E%g' |ntengﬂ% re ré%e%%ghiﬁ ggecrease
30 in |ntensPF?P#§g sMstpmxeltes Fﬁ&@ﬁ%}ﬂlﬁ?qmtkﬁmEEE?§%6§n(21 .1° Cﬂn Fig.

53 relative to 4ha herall haﬁxliariwnctssﬂw@elauvéi%mfey ntRegeb
because the flber bl.ocks scatters sone of € pon

t h B
the data in the® °1d1nﬁ| EPB&F%at&ﬁq'ntté’nﬂac’;P %ﬁ?ﬁ%‘{?ﬂ?ﬁﬁsf’g 58 he 35
pi xel s that arecpnetrast to becakle ito ddfserve dhé hposition ¥O 8B07909

PCT/USQ?/&§6O7 liguid on the fiber, to avoid movement of the fiber
during the measurements, and to avoid contamination of
the fibers. ' .

From time to time it is nécessary to calibrate the
metering pump to ensure that a given scale setting on

20 the pump corresponds to a known delivered volume of
ligquid. This can be ‘accomplished by setting a series of
several pump scale settings (say 106, 200, 300, 400),
manually pulsing the pump a large number of times at
each of these settings (say 400, 200, 150, 100 times,

25 respectively), and diverting the Syltint discharge of
the pump into a calibrated 10 ml glass cylinder. The
volume of liquid collected at each sétting is divided by
the number of pulses (strokes) used at that setting to
calibrate the metering pump setting to the volume of

30  liquid delivered at that setting.

The video scale of the system 300 should also be
calibrated to ensure that the lengths automatically
determined in the computer based upon the image data
correspond to physical lengths. The video scale should

. 35 be calibrated when a change has been made in the video



- 132 - threshold. The intensity of the threshold is set bel ow

the intensity of any pixel in the RO and above the intensity of the
i mage of iker when the fiber is wetted by the |

Setting t‘-'%’ies‘al’:3 ‘{9§§h0| dis step 711. In step 712, theb&lt e-r' o%atLon
for the threshold is set. Fig. 53 shows the mar ker | ocation 585 for
the threshold. The mar ker | ocation for the threshold is set laterally
di spl aced fromthe region of the fiber i TmedPatel y above 10 the liquid

di spensing tip 310 so that the threshold (1) will not be triggered by

he roservorr candEar 8 Th tne 3 IFHEAR wEee” AR fs 04 Lhphpllan” 1O

triggered when the Migfgiod qg@garras' qomaaijmqmwalmshe e vidser or-the

bundl e of fi ber%atlh.%&%@icﬂ Hom llsﬂ@dkﬁ‘f P&é‘ih%”a%ler in
The threshold angﬁt marker Ioc&ﬂlon,for th threshold are usedto_ '
begi n data col | & e & %ﬁ)(ﬁ%@lm‘?ﬁ’é o EhatcenteRi s the

fiber. Data 20 cemdzlnfaﬁexorsetmgIm wetnt&welﬁemmf viewhandi xajusting

aver age i ntensi ou at t he
mar ker - | ocat i ontt?(l eg&bg-n%,\ll t%ﬁgl}%rseos % go Oéh&:ﬁ% hﬁ.‘%r ﬁigﬁgﬁ% of the
pi xel or pixel saxe dearly visikdes. | dl‘hﬁ i ten feentinetew lengthr efhthe

val ue when the 2Rer |datHivd G Hed %fﬂ@@riﬁgé hgafangh8 ehefibers at the

mar ker | ocation. Since the nmar ker | ocati on I medi at el y, adj acent to
the liquid di sp&?&%ﬁq F ¥A¥iables &} rﬁé%n? hehe; Bepl8 DBYnBL: of
fibers arao adsiustiean aspidhat rins mﬁﬂ)\ﬁlﬂertbecélﬁﬂldttﬁﬁsraeEIiﬁef ey 30

at the marker n.Vv ortly terth Li gui contacts the .
fibers. By ext r%%&tﬂaﬁq? thee:fr rl't"'hoé’ a%f ufer ggqﬁ?ﬁ-ﬁ??‘-"%ﬁﬁ%%rﬁﬁt erface
versus time, it apped)%teﬁmatlon afhethe (nitt tal cVelobdtynoLed igudst i on
along the fiber dibng the BudPIE id'Afedy fE¥hiiat! SC'Eﬁgsdet?:?hﬁﬁﬁtEQ?\ of

[
system 300 35 recards a new | mage frdne, every tfﬁl rtiet second
WD 98/ 07909 the Initial Velocity of liquid alp@g/'gggﬁsgggég fa.ber.

15 The primary difference is that measurements are made
upon a bundle of fibers grouped together rather than a
single fiber. The test is pérformed using the same
system 300 used.for single fibers. Differences between
measurements of single fibers and bundles of fibers are

20 described below.

Sample preparatlon for use in the system 300 of a
bundle of fibers includes separating single fibers from
a ninety centimeter long full yarn strand and then
combining the individual fibers into an 8 fiber bundle

25 of essentially parallel fibers.

The weights for tensioning are clipped to each end
of the ninety centimeter long bundle to produce a bundle
tension of about 0.1 gm-/denier on the bundle (based on
the total denier of the bundle). The bundle is placed

30 in and on top of the fiber mounting grooves of the
mounting system in a manner to keep the fibers grouped
as close together and as parallel as practical.
Measurements are made on three separate locations on
each ninety centimeter long bundle. Measurements are

I-L



- 133 - the time at which the intensity at the marker | ocation

falls below the threshold is a good approxi mation to the time when
the liquid contacts the fiber. - Fig. 55 shows a display on the

| mage vi M»95re09 5 reconstructing four inages 591-594 afcwbss7RE07at f our
consecutive tines. Inmage 591 shows the liquid-air-solid I nterface-
591a at a position along the fiber or bundle of fibers 582 that is
relatively close to the top of the §¢ud di spensing tip 310 as
conpared to the 10 liquid-air-solid i nt'ert ace positions 592a and 593a in

the images 592 and 593 that occur sequentially at subsequent ti nes.

| mage 594 Showsobﬁﬁlﬁéaefrgﬁl Q#Ei‘bﬁlmatelyobof bhaB) eaB%dr) Neotdl I4£! Y
coated with the e nmetered anmount of liquid is sufficient to

fill the 15 Fb§gV ¥&E&rvoir of the |iquid dispensing tip 310 such

that the liquid projAcvelupef ofnilifaifir ofh Dh@18v8KoNM for a bundkerepir of
the tip and for | S a g Shtsl h
that the |Lqui doAIEEn0 Spp £3Bard sl o yotume BEMIHRL UL AR

Fig. 59 shBws t®mé 5pgoa| bupfier oficgdvhtnd5@adpf fibexng wap tmﬂé:estg@dem 300

Dat a acquisiti omhevauuheabedhquid 2hbe ishmeteredmizds Hie e tsimied OF
data col | ection

| gorithm shown in_Eig., 58, However, _it
shoul d be not edlf’hﬁ‘f":f’ﬁgaf’gsawllﬁsa?' n WS- eEHESs & I &%géescz‘%ﬁ%@‘ﬁ%‘éﬂi ng
of the threshol neasnringméintividysfiefibers. CGeneemldys dthe smidwnt bof not
~essential . liquid mE@e?EappZ%Ome BRrSRhEM;isS d @SﬂéﬁaﬂﬁiﬁthQQ'“ the

data acquisition. Jn st e system conpares tensity at
the thresi8i d WHPQBWEIéé&FP€AYWPFHPPﬁ$¥9@a chF&ﬁuﬂRf °ﬁfth?m;¥hﬁﬁﬂs?§y

i's not bel ow ththehmla%d Howeve&hetwte@mcexm SRR IRZid onéeéLedi ne

I f a tinmeout has occurrg ?f% Qut has occurred, the system
ends the data agaﬁlgﬁfﬁgﬁepﬁn téﬁ z%%ﬁ%ﬁeout has not occurred,

pursuant to step 722,Tbheuspsbénthepewm$e®530&lﬁpnxﬂqnsrminﬁmm thep 721
maximum potential flux (MPF) and the Initial Velocity

15 (Vo) is described hereinbelow in the discussion of Figs.
57-60. One embodiment of a computer program for
determining MPF is set forth in the Appendix.

Fig. 57 is a flowchart showing an overview of the
élgorithm for calculating MPF and Vo using the system

20 300 shown in Figure 27. That algorithm includes the
sub-algorithm 700 for setting up the system 300 for data
collection, the sub-algorithm 701 for acquiring data,
the sub-algorithm 702 for analyzlng data, and the end of
the routine 703.

- 25 Fig. 58 shows the sub-algorithm 700 for setting up
for data collection which includes the scale determining
algorithm 704 and the threshold setting algorithm 705.

The scale determining algorithm 704 includes the
step 705 of placing a ruler in the field of view at the

30 same distance from the video camera 304 as the fiber
582, In step 706, two points defining an interval along
the image of the ruler appearing in the image video 301
are marked with graphical markers controlled by a
graphical interface, such as a mouse. In step 707, tlie

35 actual interval between the two points is read from the
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- 134 - If, in step 721, the system 300 determ nes that the

i ntensi t yoas odifiggoer ker | ocation is bel ow the threshold ?ﬁ, LY,
the system 300 sets a running variable n=0in step 721,(.:'1"b L e

Next, in step 725, the system acquires data for the i mage frane n at
the time T[err]. Next, in step 726, the system exani nes the data in
the RO to determne the | ocation, -Xp8ar} of the liquid-air-solid
interface for i mage frame n. The systemrecords the |ocation of the
10 liquid-air-solid interface and the tine of the_inmage frame n
(X[err], T[err]pndicia on thendmage pEttdhe aaylex hendyinput3dotonthement s
‘the val ue coinpitt Yia\NtHe kdybdd:fd. 72fhe t B8mBUEELFuns andet ernines
whether n is greagter ,120. .If n.is not reat er thap 1ig, t he stem
returns to step ?Sgim to defsming é#% Y "@hePH¥&NE. SPR &S s
set so t hdmtielreralll diefiriete Gy ithe ctvo qpeints. 1/ BAt step F08¢C e
(0. 033 secgnds). for = Sf cqQuj ring
Gai a for - agpr ox CoMRHEEr? cho il eite, Aiiba¥ bETbIRR1S, per, JRRBLE B
greater than 12@iviigding dihemdeterminged munbertefnpivelscfPanrning ddquire
nore dat a. interval i) theafsten 18P, thoei AtbavatJuthete®y for the
wetting of the %#ggr or the hundl e of fibers ends. A% this gpl t, the
operator can st qﬂﬂ&ﬂiﬁ%iéhﬁﬂﬁ%ﬁ%? okhe image; q EBSiﬁlgFFeP m#%%u;
the fiber or thoundld ofbffibers 582bers to a |ocation so that the
di spensi n ip 310 i j n eghen f.i he r the
pundr 6 of 19 fi bhe p&%ﬁ%t%eﬁ? 21808 Tkph b8 28 %Et%rt&k@ i
system to begi n Whireshedd sis % enablaitheoconpuberetp aggomatiicadily
39??'redtdgt? (X&ﬁ&ddniégfﬂﬂé)iéﬁﬁ%g tﬁéhﬁiéﬂbéﬁéiPLsgl&af&?%grfﬁpe,tﬁﬁd
i fferent data duri a .single wetting. e subscript, | .refers to
data for di fferg?ﬂ %’ﬁ%s“gﬁane th agﬁ?“ﬁﬁg@{‘tmﬂgntgévgﬁﬁulﬂlata&% s
for several distthetlength oficthe nBikbet bdhethebbundlebutfidifdbelrsf.i bars have
been 35 35 recqiigl7dde AIULLLAELINES' EHEAELBYoR B Tniedlest, RoT,
: which is the region in the video image containing the
image of the fiber. The ROI in Figure 53 is limited to
the region between the two lines 583, 584. In step 710,
the computer is instructed to plot a histogram of the
20 number versus the digitized pixel intensity for the
pixels in the region of interest and display the plot on
the image video 301. .
Since the system 300 includes the bright field
background provided by the means 309, all of the pixels
25 have an intensity towards the upper end of the scale.
This is why the histogram shown in Fig. 54 has intensity
only towards the upper end of the digitized intensity
scale. The shoulder in the histogram appearing in
Fig. 54 towards lower intensity represents the decrease
30 in intensity for the pixels imaging the fiber 582 shown
in Fig. 53 relative to the bright background. The
decreased intensity is because the fiber blocks or
scatters some of the light. Based upon the data in the
histogram, an intensity below the intensity of the
'35 - pixels that are present in the ROI is defined as the
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- 135 - Velocity Vo and the Maxi mum Potential Flux MPF is
execut ed. That algorlthn1|s shown in Fig. 60. In step 729, the
system pdVO8¥AWOY curve fit for the 120 pairs of vaPGBYSYIH464The
position of the 5 liquid-air-solid interface at the times T to the =
equation X[err] equals a constant, K, tines the tine, T. (X[err] =
Klerr] * T[err] for i=1 to 120 and for a @xified i ntegral val ue of -
j.) Step 729 is performed for each of the data sets, j, that has

been acquired for a 10 particular fiber or bundle of fibers. That is,
posi tion thresheldi neThé ihtehsibydofi theothiteshoddf dee set below

acqui red at ”U'thw'fni:&ﬁ%%)gnéfa#ﬂfgﬁi‘xéln%etﬁlebﬁbl%ndf anove’ 't € of -

fibers, or is acquired a e sane type of
fiber. Each setiRfeRgity af thepipags of, the fébPFtWPGntmbq: Skt ks
formula in ordegetted byt@hgel a¢ a value of Klerr] for . the jth wetting

f th fib b Next t 730,
gn avgr age® val ule g; %T'é?e tRE g@?@?i}f’ggd"sTﬁ‘ée&gr‘&ge ¥R )L(?é;%’lf rl’if?gpt he
average of 20 theaharkgerldcationsfopt theetthrrshpdgd 1%99hh'tlﬁig&aﬂﬂstype
of fi bersﬁéwéhghégxﬁgfﬁe?f %BEQ@&S kﬁst ?bi* %ﬂ%t %trest)'{kﬁd. ‘The SaME

undl'es o

- type neans fibers or ers same process
as one anot her BREkeFeiaeytien; far| the thresﬁ&&ﬂnéstﬁ@tséﬁ§QH§%k¥sectlona

shape and surfaas':spizsced fﬁaﬁoﬁhél Q&glon of the fibRX¥ inmedil=e1idlabdve

t | Vi it I I Vi | f of
Phe quantt¥y | Ehe' Tigui aienepaipg Fipr siS Re.Fhat, %&’?ﬁ%}%ﬂﬁ ’
second (€h) ewillsmo¥ uevtﬂeggerGEstethndforﬁatmmnyuﬁtghekcmnweﬁo

terned the In|théthghﬁcbgytﬁgcggéglatggggggéhg%t%i #42?13ﬁ% i ?|rst

that the liquid wou ave
contacts the fiBerthe thgubdndispensing tip pilgebut (Rdt wedok &8 nation is

based upon ‘a phﬁ?iﬁ@éred whenrreael 1aqhaac b@glfn%r PRopRiatEay tdronl i the'd
force andifhe  Frper $8' AL ¥uRa2ROLY 22Reth YhIEALY 'ceking e 'S the
marker location 585,

The threshold and the marker location for the
threshold are used to begin data collection and to
extrapolate when the ligquid contacts the fiber. Data -

20 collection begins when the intensity of the pixel (or
average intensity of the pixels, if a group of pixels is
used) at the marker location falls below the threshold
value. The intensity of the pixel or pixels at the
marker location falls below the threshold value when the

25 liquid covers the fiber or the bundle of fibers at the
marker location. Since the marker location is
immediately adjacent to the liquid dispensing tip 310,
and since the fiber or bundle of fibers are

) spontaneously transporting, the ligquid covers the fiber

30 at the marker location very shortly after the liquid
contacts the fibers. By extrapolation from the data of
liquid-air-solid interface versus time, it appears that
the liquid covers the marker location along the fiber in
no more than a few milliseconds. Since the system 300

35 records a new image frame every thirtieth of a second,
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- 136 - nodel (which results in the equation of notion X err]=KT)
i's g@xi mation assuming a solution to the equati

notion for thegqqu|d that ignores inertial terns. Note Peﬂwﬁ{?‘”t“actual
gravitational forces do not exist along the 5 | ength of the fiber or
the bundl e of fibers because the fiber or the bundle of fibefs are
hel d hori zontal during t he neasurerel®3¥.— The value for time of 0. 022
seconds after the tine of which the optical intensity falls

bel ow threshol d at the marker /|ocation in step 721 is in 10 the
definition of VEhBetimeecatnhwhichyhesipsegsity gl the magker legahienal

tinme at which thalnsqhedo\s}oahacmrbbnom is & Igeioct RadprbtigeieRstoetneen

t he nodel's vel geity. V and.the acty I at t = 0.022 seconds
are i nsi gﬁﬁn cgﬁfn ey Fi?'gué nFeR G% s:%‘rﬁ TC# "nmeans 15 that the
difference is | ess t Rig.abSushbows peddspﬂay on the imagevarideoi 0t eps
732, the MgF, “@é&ﬂnb&rﬁc&ii}gt EBE: ima e%f ¥Q-Hih RIEASE RO OpaaLi ti es,

S calculated nposi ti on and Preparation: 20
In preparing a SSRFPEUSAVR-Fipes: S@Pﬂﬁﬁbﬁ?l Sh°ws(§%ﬁ) i rrRedigh

Egg ggm;ri sing mterfa(c&) 5984. atgtaaas&s(&lw IR el NEiheat &5 Ophhazeat e,
. rans

sodi osul f o s0ph{°% %éis R 5 %?g) Ee}a&ﬁé’ﬁs‘% Frope & Hje FR§F hbe

gl ycol . (Ld)zuia dlgp@llﬁl@@ 23 pnBlids as] compaxtesh ebarkhi net hanol ,

(e) 0.75 gpams § %&ﬁ—%@%lﬁﬁhﬁﬂrt%%awwlﬁ% %92a dand 5§§a199 ppm

Tltanlun1catal yst "as tit ral sopr opoxi
98/ 07909 the images 592 and 593 that oqmgplgggqqpmxﬁily at

- 137 - subsequent times. Image 594 shows the fiber or bundle
of fibers 582 in ROI entirely coated with the liguid.
The metered amount of liquid is sufficient to £ill the

15 local reservoir of the liquid dispensing tip 310 such
that the liquid projects up from the from the rim of the
reservoir of the tip and forms a meniscus 595 having a
positive curvature such that the liquid extends around
the fiber or the bundle of fibers.

20 Fig. 59 shpws-the algorithm for acquiring data
using the system 300. Data acquisition is initiated
after the system has been set up for data collection
using the algorithm shown in Fig. 58. However, it
should be noted that the recalibration of the scale and

25 the resetting of the threshold each time the system is
used are advisable, but not essential.

In step 720, the system is instructed to begin the
data acquisition. In step 721, the system compares the
_ intensity at the threshold marker location with the
30 threshold. If the intensity is not below the threshold,
" the system executes step 722 to determine if a timeout

has occurred. If a timeout has occurred, the system
ends the data acquisition in step 723. If a timeout has
not occurred, pursuant to step 722, the system repeats

35 the comparison in step 721.



(9) 15.0 granms (0.037 noles) of red col orant

[err] 15 20 - are added to a 50 nL round bottom flask. The flask
is 25 fitted with a stirrer, condensate take of f and nitrogen i nl et
head. TheVOOWO_Nd contents are imersed into a Bel POTVUSIH24607 bat h
and heated for two hours at 200-220C whi l e ester interchange occurs.
To carry out the pol ycondensati on reaction, the tenperature-~is

i ncreased 30 to about 250[err]C and the f3@sk is held under vacuum < 0.5
mm Hg for about 20 minutes. A dark red polymer is produced which is
granul ated by grinding in a Wley mill. The dark red

polymer is a water difpeini steppdR}nethds sysiren ﬁW@gdatqnminaa ttha eyt
of the red col OifBbnsity atTeﬁedﬁskﬁg%dlee@e%&; Ras u@id&/ﬂi t 3 hzéa 5.

T[err] at kerr a wel ght avera nmol ecul ar wei g 7
nurber aver age ﬁBF%Eﬁ Y mEhﬁhFYBFeB 899 sptecp r“nnlnﬁbﬂﬁﬁﬁﬁhiﬁ n=0 in
Chr onot ogr aphy aﬁdpa7pqud|sperS|ty val ue of 40 2. 53. After
granul atio slowy gdd 100 gLg dar k es to
250 M s ofgb0|llng nﬁ po?g 9&3fe heTﬁgﬁﬁ§F5P91¥ HU?

with stirring lmageuﬁratnet heatti tper time Mg .unNextn dm lsdcapol'?iaﬁ,r ddiedue 45
remains. The regykitefidelh P.ﬁé@ ‘Eﬁe""a;a%ﬁh 1%3%% H®IT to  de ésthe
pol yne

equi valent to 30 per ¢cent
nillipore water1OCA§aong ﬁhs Bf Fhé éequld“aiﬁéﬁeéﬁ@'B?mﬁ§§$ﬁ?(ﬁ9ﬁstion
to an equal portimageoframe n.n thepeyeted tedorddithel Idvdfich oL rthen.

Add 10 m g4 ligquid—-air-solid interface and the time of the image
frame n (X,, T,). _ _

Next, in step 727, the system 300 increments the
value of n by 1. Next, in step 728, the system
determines whether n is greater 120. If n is not

15 greater than 120, the system returns to step 725 and
acquires the next image frame. The system is set so
that the time between image frames is 1.30th of a second
(0.033 seconds). Therefore, when n=120, the system has
been acquiring data for approximately four seconds.

20 If, in step 728, n is greater than 120, the system
does not return to step 729 to acquire more data.

When n exceeds 120, the data acquisition for the
wetting of the fiber or the bundle of fibers ends. At
this point, the operator can start the data acguisition

25 routine again after moving the fiber or the bundle of
fibers to a location so that the dispensing tip 310 is
not adjacent a wet region of the fiber or the bundle of
fibers. Alternatively, the operator can instruct the

_ system to begin the analysis of the data for some set,

30 Jj, of acquired data (X;, Ti)5. (The subscript i refers
to different data during a single wetting. The
subscript j refers to data for different wettings.) 1In
any case, when several data sets for several distinct
wettings of the fiber or bundle of fibers have been

35 recorded, the algorithm for calculating the Initial
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- 138 - of the 50/50 dispersion to 5 mMs of distilled water to

make the g bghropsst solution which is a 90/10 water/red  permReidess

di sper si on. The Red Test Solution while appearing to e very.5
stable, should be stirred or m xed thoroughly once a month to insure
a uniformtest fluid. The Red Test Ftlon has a shear viscosity of
1.5 centipoise and a surface ten5|on of 56 dynes/cm : Not e
t hat any aqueous fluid with sufficient color 10 contrast and viscosity

|l ess than 3 CenV‘eB.@cSﬁtyCW @nlda \the Maxmﬂiﬁ@rpdﬁéﬂ:i?él tieukegprf hui d.
However, the resultsqg% MPF depend str he surface tension

and the = v©® onHﬁgiﬁ%ﬂp f Qi 1B0ebls 1 uid-
wi t h hi gher surface ﬂ:mstap am,equm sysitmslpe_,rﬂmrmmea l&urveesgitf Fords

above is used, the NBhH iﬁfﬁfdldé? f?] ?# éfg a.glgﬁg fiber test

sanple. If _an a ueous équal surface

| SCoSIt
tension S J{%Q'@s‘tr"ﬁ%i@s inrerface @%dzhe Helmgs iumetbew |
be snal | er. 20 equation X? @Qﬁbmsslay,cdwms Kmehlnié?@ttﬂélstﬁﬂé T.

variations of t pres eption p of the
above teachlngswg |s§ﬁher H %rtb ge oP133 ﬁﬂgefgfoﬁd %%qﬁw n the
scope of the apderteepradl aialzie of j.)t hestew 729 ais perberpedcforedach of

ot herwi se t han fiscal 98/ 07909
PCT LSO 14607 the’data FRY, I éﬂa@% %@éﬂ%«ad for 40 CLAI NG

What is clh8i med RaFtianlar fikeu oy dundle off fibexmdl cThatsify hbosdtiiaer s
for transportingrersus tAGCRS tHeli Ui Sid@1 P4 ifeekrhue fikbers in a

acquired at multiple locations along a single fiber or
bundle of fibers, or is acquired along different
segments of the same type of fiber. Each set of data

i5 peints (X, T) is fit to the foregoing formula in order
to determine a value of K for the jth wetting of the
fiber or the bundle of flbers.

Next, in step 730, an average value of K is

determined. The average value of K is the average of

20 all Ky values obtained in step 729 for the same type of
fiber or the bundle of fibers. In this context, the
same type means fibers or bundles of fibers formed using
the same process as one another and thereby nominally
having the same cross—sectional shape and surface

25 composition.

Next, in step 731, the parameter Vo (Initial

Velocity) is calculated as Vo = one half of the quantity
of the square root of K in square centimeters per second
(cm?/sec) divided 0.022 seconds. The guantity Vo is

30 termed the Initial Velocity because it approximates the
velocity that the liquid would have at 0.022 seconds
after the liquid first contacts the fiber or the bundles
of fibers. That approximation is based upon a physical
model balancing forces between the driving force and the

35 velocity-proportionally viscous force. That is, the



5 bundl e, at |east one of said two fibers having a non- round
cross-section and a Single Fiber Bul k Factor greater than 4.0 and
sai d bundl e havi ng (A) a Specific Volume greater than 4.0
cc/gm WO9807909 (B) a MPF[err]MPF[err] greater than or BGL/ASYYH6® 0, 10
(C) a MPF[err] greater than or equal to 0.14 cc/ (den*hr). -~

2. The .bundl e of synthetic fibers of claim1 having an average
inter-fiber capillary width of from25 to 49§¢ 15 m crons. - 3.
The bundl e of synthetic fibers of claim2 wherein t he average
inter-fiber capillary wwdth is from60 to 300 microns. 20 4.
The bundl e of smo@lb2t i(whiicheresafits! AnmtAenkeeeaition of mdﬁndn%x%%KT) is

t fib | 0
The bundi e of - ooft EPFxindtsbn, p8EblA & soruestw 8 Yl equation of
and the surfacemebiposiforothef liguia- thathugaqreﬁnmnﬁthaketemmmaJ|m9te.
(Plerr] cos([erhat) agtaal- B%av1tat1@%@ﬂ$%@?bes do not exist aﬂ@ﬁ%eﬂﬁ Pis

the perineger of th cross sectlon of the fiber err surface

tensi on of >t he EFBE he f&F@FfFE) PNQ@%ﬁuﬂﬁ:ﬁ&#?ﬁﬁn?&ﬁaﬁﬁﬁlth
the liquid £1ibepasur tdeObu&h&'lleabe wibere made HémnﬁmmrBdﬂfiﬁb

as the Tiber andniaying LIGERRI® SHALACEILCHP YR el 0,022 sbdohds
PCT/ US97/ 4607 after the time of which the opticalifintensity falls
below threshold at the marker location in step 721 is ln
10 the definition of Vo because that time is long enough
after the actual time at which the liquid contacts the
fiber that differences between the model’s velocity Vo
and the actual velocity at .t = 0.022 seconds are
insignificant. 1In this context, insignificant means
15 that the difference is less than about ten percent.
Finally, in steps 732, the MPF, which is a function
of Vo and predetermined quantities, is calculated.

Red Test Solution: Composition and Preparation
20 In preparing a sample of Red Test Solution,
components (a) through (g) comprising
(a) 80.3 grams (0.414 moles) dimethyl isophthalate,
(b) 26.9 grams (0.091 moles) dimethyl-5-—
sodiosulfoisophthalate, .
25 (c) 54.1 grams (0.51 moles) diethylené glycolQ
(a) 37.4 grams (0.26 moles) 1,4—cyclohexanedimethanol,
(e) 0.75 grams (.0091 moles)'anhydrous sodium acetate,
(£) 100 ppm Titanium catalyst as titanium
tetraisopropoxide, and



6. The bundl e of synthetic fibers of claim1 wherein said fibers

have a | ubricant coated thereon conprising 90 wei ght percent water
and 10 ' cent solids conponent, said solids conponent
conpris?ﬁgg?%maﬁgght 5 percent solution of poly[polyet REFTEISAHN4687|
(1400) - terephthal ate], 44.1 wei ght percent polyethylene glyeol-
(400) .nonol aurate, 44.1 wei ght percent polyethyl ene gl ycol <€600)
nonol aurate, and 1.8 wei ght percent 4- - 137 <etyl, 4-ethyl norpholinium
et hosul fate. 10 7. The bundl e of synthetic fibers of claim1l
wher ein ?aid cross-section of said fiber defines a first arm

havi ng a | engt h{$t eatr Ot HEAMS0 (R OBInmoles) 19f red cofprantdl e of
synthetic fibers of claim7 wherein said fir arm has a | ength
greater than 100 microns. 9. The bugnd) f Xgihetic fibers of
claim1 wherein said Single Fiber Bk ' tween 4.0 and
10.0. 20 10. The-bundl e of syppehetjs¢ fjeQers claim1l1l wherein
said Spec}®ic Volume is between 4.0 q%EjQ];@( &ﬁ) Q 3 11. The bundl e of

syntheti-c fibers of claim10 wherein*\2%°\ ,sqjg}Specific Vol une i s between
4.0 and 7N12. 12. The bundk€j30ff synthet'ic fibers of claim1 wherein
said ratio of said NPF[err]NPﬁbeH% CH§ gred er than 5. 30 13. The
bundl e of,synthetic fibers of cla 12 wherein - said ratio of said
NPF[err]ﬁEﬁ[err] is greater than 1I73 14. The bundl e of synthetic
fibers of claim1l wherein said ratio of said MPF[err] MPF[err] is

between 3 and agpetaded tda 50 mL round bottom flask. The flask is
25  fitted with a stirrer, condensate take off and nitrogen
inlet head. The flask and contents are immersed into a
Belmont metal bath and heated for two hours at 200—220°C
while ester interchange occurs. To carry out the
polycondensation reaction, the temperature is increased
30 to about 250°C and the flask is held under vacuum < 0.5
mm Hg for about 20 minutes. A dark red polymer is
produced which is granulated by grinding in a wiley
mill. _
The dark red polymer is a water dispersible polymer
35 containing 10 percent by weight of the red colorant.
The dark red polymer has an IV of 0.235, a Tg at
57.51°C, a weight average molecular weight of 12,728, a
number average molecular weight of 5,035 by Gel
Permeation Chromotography and a polydispersity value of
40 2.53.

‘After granulation, slowly add 100 grams of the dark
red polymer granules to 250 mls of boiling millipore
water. The water is then slowly cooled with stirring
until the dispersion is uniform so no solid residue

45 remains. The resulting dispersion weighs 333 grams

' which is equivalent to 30 percent by weight of the dark _
red polymer in millipore water. . Add 10 mls of the 30
percent by weight dispersion to an equal portion of
millipore water to make a 5050 dispersion. 2dd 10 mls
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- 141 - 15. The bundl e of synthetic fibers of claim1 wherein

said MPF[err] is between 0.14 and 2. 00 cc/(den*hr). 16. The bundl e
of synt heftW@98/M1989 s of claim 15 wherein 5 . said MPF[err]ecrUSSIMsEM 0. 20
and 2. 00 cc/(den*hr). 17. The bundl e of synthetic fibers of claim
1 wherein said MPF[err] is greater than 0.20 cc/(den*hr). 10 18.
The bundl e of synthetic fibers of claim1 ein said fibers each
have a deni er between 15 and 250. 19." The bundl e of synthetic
fibers of claim18 wherein said fibers each have a denier between 30

and 170. 15  of2fheThe bondispetssyit &6t 5Cmisbers adlstdiaidd lradsr obtd
aroup cons st ngPBkepbhscbiAl £eBe SRTLLIORURIED 1a mo o0 AteRGER
esters. 20 . polymer TAispendionof syntthic beers of claim 20 wherein
the polyester is a po e I t 3 ' . i ent

Vi scgsi %/y of between gﬁé tkgaogggﬁegégﬁggg?‘ne’hghe Qﬁg@%&l&? B:aor'fgs.é#%i ght
sol uti on” of 5phenBFpbder a8RPBLE- besstirredapr mixed shoroushlyatonce a

cz:gnc$ﬂt rgt i gln ofmaheni ﬁei _5n§¥1_i‘%1 a unfifo.?h_ leals%mxﬂia.l%ué Rﬁdt Eﬂ@s@ol vent.
. e un e o0 et]c Ipers or ¢ilalm, erelrn R lne
pol ypr opyl ene haé°§¥ﬁéPP #PﬁmPrﬁﬁ@aﬁfVB?FWééﬁylggt&'§0°en§i?°1se and a3

An absor bent art surfabevtegsiompfr 56xdynescmaor axis and a length
in excess of a width gagdeSghdeahhiChGueous fluid with sufficient color
10 contrast and viscosity less than 3 centipoise -could have
been used as the test fluid. However, the results for
MPF depend strongly on the surface tension and the
viscosity of the test fluid. Thus, if an aqueous fluid
with higher surface tension and egqual viscosity to the
15 test fluids above is used, the MPF numbers will be
larger for a given fiber test sample. If an aqueous
fluid with a higher viscosity and equal surface tension
to the test fluids above is used, the MPF numbers will
be smaller. '
20 Obviously, numerous modifications and-

‘ variations of the present invention are possible in
light of the above teachings. It is therefore to be
understood that within the scope of the appended claims,
the invention may be practiced otherwise than as

25 specifically described herein.



conprises a top sheet, a back sheet and an absorbent 35 core; said

absorbent core conprises at | east one WO 98/ 07909

PCT/ USO7 /+yéffa - 142 - ahbsor bent

| ayer; and Wit P %he i nprovement of said article conpmSYYR"494%ndl e
of synthetic fibers of claim1l between said top sheet and said back
sheet. 5 24. A bundle of synthetic fibers for transporting -~

aqueous fluids conprising at |least tw f+rbd39 i a bundl e, at | east
one of said two fibers having a non- round cross-section and said
bundl e havi ng (A) a specific volune greater than 4.0 cc/gm 10
(B) a MPF[err] @RBIYS 1 greater than or equal to 3.0, : (O a

'VPF[eLr] bgrgﬁtemﬁtaf ris;rclwmﬁf d tas (hdfm ajmd uséeflrz]l is: cc/(den*hr). .
25. The bundl e SWn tysc. fibers cl ai 4 hayi ng, 15 an, average -
inter-fiber _cap;ll'l a%ytg}ﬁ}ﬂ]ﬁa (ﬁtbﬁlmﬁqﬁﬁt% rs ¥or21:16?5ﬁgprt1ng 26.
The bundl e of spauesus:e Slividiss aomptising@Aathkeasth two fibeescinsa section
and the suiface RIS Hi0N st hel ' saty shregqualdty:
(P[err] cos([erlrljogg&id > 0. OBS _hﬁ‘ %dg/nsegggﬁo £ibaty ﬁQ@;h& g‘v\%le&rng/n P
is the perinete (EFassseddan and a Single(Riber ,Brlk| ERCEOYS t he
surface tensiongxfedtier |th@n d.0 and s3di®@rBuedlée shaveéngdvanci ng contact
angle of the liquid SLA flat_surfacg md romthe sanme
mat eri al as thé{af i%eﬁ%ﬁﬁcay?ﬁ%e%ﬁﬁeguﬁﬁﬂeifLegfzﬁgﬁ't' and d
is the denier of the (B)o& MPFg/MPFg, greater than or equal to 3.0,

10 - (C) a MPFg greater than or equal to 0.14

' cc/(den*hr) . '

2. The bundle of synthetic fibers of claim 1 having an

average inter—fiber capillary width of from 25 to 400
15 microns. '

3. The bundle of synthetic fibers of claim 2 wherein
the average inter—fiber capillary width is from 60 to
300 microns. '

20 _
4. The bundle of synthetic fibers of claim 3 wherein
the average inter—fiber capillary width is from 100 to
300 microns.

25 5. The bundle of synthetic fibers of claim 1 wherein

the cross-section and the surface composition of the
fibers satisfy the inequality: (Py cos(f#a))d > 0.03
dynes/den;
. wherein P is the perimeter of the cross-section
30 of the fiber, ¥y is the surface tension of the liquid,
(fa) is the advancing contact angle of the liquid
measured on a flat surface made from the same material
as the fiber and having the same surface treatment and 4
is the denier of the fiber.
35
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27. The bundl e of synthetic fibers of claim?24 wherein 30  said fibers

have a | ubricant coated thereon conprising 90 wei ght percent water
and 10 wei ght percent solids . conponent, said solids conponent
conpri si W@ 987908 ght percent solution of poly[pol y®CTUSIHE4H0YCcol
(1400) terephthal ate], 44.1 wei ght percent polyethylene glycol 35
(400) nonol aurate, 44.1 wei ght percent polyethyl ene WO 98/ 04909
PCT/ US97/ 1407 — 140 — - 143 - gl yco
(600) nonol aurate, and 1.8 wei ght percent 4-cetyl, 4-ethyl

nor phol i ni um et hosul { The bundl e of synthetic fibers of

cl ai m 24 wherei f* 5 %eséauald&eo&; Q&Mj& f3hers iverciprinnisvhereint arm
havi ng a | engt hsgidattiberzamatfe W Qubrdicant coatéH)tH&Eebundbﬁpﬁ151ng

orcater than 108mesight WRpit Sdter apa [ badoly SHRARE dorfR [
cl ai m 24 wher ei ﬁomponentt.h@as;sb@crh@s\/&mn@tb&mmmaq weight -
31. The busdle %r%éﬁth@dlﬁﬁl&i‘?rosf Fory) dmg&ﬂ{féhdl 3 Of (1466) Specific

Vol une i s betwe nthetlc fibers

S
of claim 24 \/\he%&rﬁpg‘thalafs%{ll o Ytk d”%‘fgh:%lﬁﬁq\m'%rP?}\m’é%;fnPsgbl(Ea@er
than 5.0. 20 (40033 monBlandratd e 4f . syweigtit pdrdent pélgethyidnevnherein

said ratio of S@i‘}é@’ [(E‘BrJ(J)NPn@ orllaﬂzsaigbf Sl fr@r’w&%glgt percent 4—

cetyl, 4—ethyl morpholinium ethosulfate.
10 : ‘
7. The bundle of synthetic fibers of claim 1 wherein
said cross-section of said fiber defines a first arm
having a lengtp greater than 40 microns.

15 8. The buridle of synthetic fibers of claim 7 wherein
said first arm has a length greater than 100 microns.

9. The bundle of synthetic fibers of claim 1 wherein

said Single'Fiber Bulk Pactor is between 4.0 and 10.0.
20 : . .

10. The bundle of synthetic fibers of claim 1 wherein

said Specific Volume is between 4.0 and 10.0.

11. The bundle of synthetic fibers of claim 10 wherein
25 said Specific Volume is between 4.0 and 7.2.

.12. The bundle of synthetic fibers of claim 1 wherein
said ratio of said MPFy/MPFg; is greater than 5.

30 13. The bundle of synthetic fibers of claim 12 wherein
said ratio of said MPFp/MPFg, is greater than 11.

14. The bundle of synthetic fibers of claim 1 wherein

said ratio of said MPFp/MPFgp is between 3 and about 28.
35
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34. The bundle of synthetic fibers of claim24 wherein said ratio of
said MPF[err] divided by said MPF[err] is between 25 3 and about 28.

35. The bqp g%ég synthetic fibers of claim?24 wherein said MPF[ err]
i s between 9 T9°8%d 2. 00 ‘cc/ (den*hr). 30 36. The bun&CEBPOTI4687 het i C
fibers of claim35 wherein said MPF[err] is between 0.20 and- 2.00"
cc/ (den*hr). 37. The bundle of synthetic fibers of claim24
wherein said MPF[err] is greater t-hapsa®.<20 cc/(den*hr). 35

WD 98/ 07909 PCT/ US97/ 14607

- 144 - 38. The bundl e of synthetic fibers of claim24 wherein

the fibers have 35denThe bunddenofSsyndihefic fibers &8.clnimblmsherefin

synthetic fiberssggdch§§n1§%ngégﬁg%ﬂ 0214 ahb??ib%ﬁgﬁ%{ﬁﬁgﬁfhf¥ﬂﬂ er between

30 and 170. 40. R synthetic fiber ansporting
aqueous fluids conmprising at least two fibers in a bundl e, at | east

gnedf)f ﬁaid t wo i'aber@hba?gﬁala %Esy&&het{g‘.@@ih‘éﬁ%ﬁ&ﬂ%m £5dwﬁa’rléin
undl e havi gg . ' a err rr reatesr. than or equal to
510, ° "VIBY spia yeperdd pBEPRRh LAY, NG, A Y S ladnA
cc/ (den*hr). _
17. The bundle of synthetic fibers of claim 1 wherein
said MPF; is greater than 0.20 cc~/(den*hr).

10 18. The bundle of synthetic'fibers of claim 1 wherein
said fibers each have a denier between 15 and 250.

19. The bundle of synthetic fibers of claim 18 wherein .
said fibers each have a denier between 30 and 170.

15
20. The bundle of synthetic fibers of claim 1 wherein
said synthetic fibers comprise a polymeric material
selected from the group consisting of pblyester,
polypropylene, nylon and cellulose esters.

20

21. The bundle of synthetic'fibers of claim 20 wherein
the polyester is a poly(ethylene terephthalate) having
an inherent viscosity of between 0.6 to 0.9 measured in
a 60740 parts by weight solution of phenol.tetrachloro—

25 - ethane at 25°C and at a concentration of about 0.5 gram
of polymer in 100 mL of the solvent.

22. The bundle of synthetic fibers of claim 20 wherein

the polypropylene has a melt flow rate of between 15 to
30 25,

23. An absorbent article having a major axis, a minor
axis and a length in excess of a width and said article
comprises a top sheet, a back sheet and an absorbent

35 core; said absorbent core comprises at least one

/
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15 41. The bundle of synthetic fibers of claim40 having an
average inter-fiber capillary wdth of from25 to 400 m crons.

42. The bundl e of synthetic fibers of claim40 wherein 20 t he

cross- seWO%BA7WAd t he surface conposition of the f i bECHUSSTIs60Ty the
inequality: (P[err] cos([err]a)),d > 0.03 . dynes/ den, -
wherein P is the perineter of the cross-section of the flbeL y is
the surface tension of the liquid, 25 _ gerrla) is the advancing contact
angle of the liquid measured on a flat surface nade fromthe same
mat eri al as the fiber and having the sane surface treatnent and d

is the denier’ beédi%éﬂﬁ?qraarer3(hnd Elhe bﬁﬁébeeﬁtnty&tfh%afdfl bers of

cl ai m 40 mhereln said fibers ha rica d there ,
comprising | SSRGS i 2 atadLe o 1 BYREPETAS s
conponent, sal¢laﬂmct;hzhwuznﬁsaxdnm»pssngethmdl§hud.back|shaatu _
sol ution of poly[polyethyleneglycol (1400) 35 terephthal ate], 44.1 wei ght

per cent pol yet hyl ene %:ycol ~ WD 98/ 07909
PCT/U897/§460724- ndle of synthetic fibers. f915transport1nq4oo)

monol aur at e, ‘ﬁa ssfﬁmﬁ§%m§>@iyfﬁ@yéen§east twoglﬁwrs( GiP)a

nonol aur at e, 8 mel er cent hol i ni um
et hosul f at e. leyp Eﬁ%‘f)lﬁﬁﬁ e°€fs§§7ﬂtm§?| %W@r &’%1’1’{9 rﬁ‘%‘
wher ei n :ﬁpuhdnannssﬁsﬁctibmfandldaidbbnndéélhayxmgflrst arm
having a | ength greag th r e ,b

synthetic fibers of a??iil Jéfr%gng(?gme E"’e&tfé -gar r% lry;s a ‘ﬁangt h

greater t4fan 100 ni cé®hs.a MPFg/MPFg, greater than or equal to 3.0,
(C) a MPFg greater than or equal to 0.14

cc/(den*hr).

25. The bundle of synthetic fibers of claim 24'having
15 an average inter—fiber capillary width of from 25 to 400
microns. '

26. The bundle of synthetic fibers of claim 24 wherein
the cross—section and the surface composition of the

20 fibers satisfy the inequality: (Py cos(fa))~d > 0.03
dynesden, _ _

wherein P is the perimeter of the cross—section

of the fiber, ¥ is the surface tension of the liquid,
(6a) is the advancing contact angle of the liquid

25 measured on a flat surface made from the same material
as the fiber and having the same surface treatment and 4
is the denier of the fiber. '

27. The bundle of synthetic fibers of claim 24 wherein
30 said fibers have a lubricant coated thereon comprising
90 weight percent water and 10 weight percent solids
component, said solids component comprising 10 weight
percent solution of poly[polyethyleneglycol (1400)
. terephthalate], 44.1 weight percent polyethylene glycol
35 - (400) monolaurate, 44.1 weight percent polyethylene

NS




46. The bundl e of synthetic fibers of claim40 wherein said ratio of
said MPF[err] MPF[err] is greater than 5.0. 15 47. The bundl e of

synt heti ¢ ¢ f claim46 wherein said ratio of sai

MPF[-err] I\/PVPZ tegrﬁlri'rﬁ‘iog greater than 11.0. 48. The bundle o §59)‘/”r}t 0é’t_i C.
fibers of claim40 wherein said ratio of said MPF[err] MPF[err is

bet ween 3 and about 28. 20 49. The bundle of synthetic fibers of

cl ai m 40 wherein said MPF[err] is bet®&n—0.14 and 2.00 cc/ (den*hr).

50. The bundle of synthetic fibers of claim49 wherein 25 said MPF[err]

I's between 0.20 and 2.0 / (den*hr). 51. h ndl e of .,synthetic
fibers of clain1ggyﬁﬁ rgﬁﬁ%) m°“4¥#??3ﬁﬁ{eﬁ?? %Ssg§$§?§ PRESSS S0

cc/ (den*hr). 3@-cetyl, 4Hethylndicrptokimivmtethésbdfatef cl ai m 40

wher ei n the fibers have a denier between 15 and 250. 53. The
bundl e of synthetic fibers of claimb52 wherein the fihers have a
deni er between 3@8and Theobusile of symthetigofibers of claim 24 wherein

ECTGPS97414§07h sai%rﬁgossjgection of said fiber dé€ines a f%féﬁlaﬁh_ _
undl e of synthetic .fibers for transporti agueous fluids conprising
at | east two fibbﬁyyqﬁ'g.iength greé%er éghn 40 mlgrons. - .

29. The bundle of synthetic fibers of claim 28 wherein
said first arm has a length greater than 100 microns.

10
30. The bundle of synthetic fibers of claim 24 wherein
the Specific Volume is between 4.0 and 10.0.
31. The bundle of synthetic fibers of claim 30 wherein
15 the Specific Volume is between 4.0 and 7.2.
32. The bundle of synthetic fibers of claim 24 wherein
said ratio of said MPFg/MPFg is greater than 5.0.
20 33. The bundle of synthetic fibers of claim 32 wherein
said ratio of said MPFy/MPFg; is greater than 11.0.
34. The bundle of synthetic fibers of claim 24 wherein
said ratio of said MPFy divided by said MPFgp is between
25 3 and about 28.
35. The bundle of synthetic fibers of claim 24 wherein
said MPFp is between 0.14 and 2.00 cc/(den*hr).
30 36. The bundle of synthetic fibers of claim 35 wherein
said MPFy is between 0.20 and 2.00 cc/(den*hr).
37. The bundle of synthetic fibers of claim 24 wherein
said MPFy is greater than 0.20 ccs/(den*hr).
35 '
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bundl e, at |east one of said two fibers having a non- round
cross-section and said bundle having 5 (A) a Specific Vol une
greater téﬁg%m% 3 cc/ gm (B) a VRlerr]VR err] greater than or
equal to 1.3, Lot (O a VRl er] greater than or PEJVES97M4602. O
centineters. 55. The bundl e of synthetic fibers of claim54 having
10 an average inter-fiber capillary wwdth of from25 to 400 -

m crons. 56. The bundl e of synthetjgsfibers of claim54 wherein

t he cross-section and the surface conposition of the 15 fibers satisfy
the inequality: (P[err] cos([err]a))/d > 0.03 dynes/ den,

wherein P is thasper et bundlie! b eyathetsd ifibers of €laife2hi RRerelisr ]

cont act angr o oFinEsPes haso = "deier, papuset 49 Hnd 28t de rom the

same naterial ~as the fiber and having the same surface treatnent:and
d is thesgeni @heObunldel b¥elsynthetic ££ ergTﬁfhﬁfgiﬁ Sk %%QE%QH‘3
fibers of a lubricant coate

Ialn%ﬁ4 %h rein, 25 sai,d fibers have

t her eon co%pris § fibers bgvigeaydenjsr: Aatvean 3% And 01%R: ght per cent

sol i ds conponent, said solids conponent conprising 10 wei ght

percent sol utiopa,of RO lyethyl e ly:col . ,1400) . - _terepht hal ate],
44.1 wei ght perggﬁt %o%‘é‘?ﬁrﬁ §§2%§1’6‘§‘%ﬁ%§{be’ﬁ rr&ﬁ%?ﬁﬁ?ﬁ'ggf’g44. 1

wei ght percent pangeusyifdndds conmprjising zxtcABastorovaufdbersadn a. 8 wei ght

ercent 4- I | | %I t : _
88/07909 bunftky! at41ehi¢ dﬂEW3f3édld”@ﬁ%;?%%%é?&ﬁ%gyng_a ¥Bn

- 147 - 10 - reyndrgroggmgection gnd,&aid thynpdle a¥ingm 54 wherein
said cross-section of(Ajai & MPFgLMIFL ngBeaterr thadt Br equal to 3.0,

(B) a MPFz greater than or equal to 0.14
cc/(den*hr) .

15 41. The bundle of synthetic fibers of claim 40 having

an average inter—fiber capillary width of from 25 to 400
microns. |

42. The bundle of synthetic fibers of claim 40 wherein

20 the cross—-section and the surface composition of the
fibers satisfy the inequality: (Py cos(fa))..d > 0.03
dynes den,

wherein P is the perimeter of the cross—section
of the fiber, ¥ is the surface tension of the liquid,
25 (fa) is the advancing contact angle of the liquid
measured on a flat surface made from the same material
as the fiber and having the same surface treatment and d
is the denier of the fiber.

30 43. The bundle of synthetic fibers of claim 40 wherein
said fibers have a lubricant coated thereon comprising
90 weight percent water and 10 weight percent solids
component, said solids component comprising 10 weight
percent solution of poly[polyethyleneglycol (1400)

35 terephthalate], 44.1 weight percent polyethylene glycol

S
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having a | ength greater than 40 m crons. 5 59. The bundl e of

synthetic fibers of claim58 wherein ] bsah? fi;st agﬂlhas allengthf
reater m crons. 60. The bundl e of synthe rs.o

glain154“&g2?g?ﬁ9 said fibers have a Single Fiber BulkkégQ#QﬁA§F

greater 10 than 4.0. 61. The bundl e of synthetic fibers "of clalm

60 wherein the Specific Volune is be en 4.0 and 10.0. 15~  62.

The bundl e of synthetic fibers of claimb®&1 erein the Specific

Vol une is between 4.0 and 7. 2. 63. The bundl e of synthetic fibers

of claim54 wheaod) mono1¥izarid, Vet lwéf%ggfgéf&eh'ﬂaﬁo@%%t% ] o

The bundl e of sypthetic flbers of claimé6 S
about 2. 3. &Eyce . (FRQ)p el arakisy ARd c11 8 pRedgbt Dexioer8s viher ei n

25 VR er r] VRitecekyils koot hdiphoThirdiun ethosulfa®é. The bundle of -
synthetic fibers of claimb54 wherein - VRlerr] is between 4.0 and 15

centineters. 30 67. The bundl e of synthetic fibers of cltaimb54
wherein 5  tHKé&.fi Fwes bundden oo yrthmtiwchiérandf26laim 40 wheédeinhe
bundl e of Syntnghiie Lirkdles sfotdld BH Gl Fifler aerihBE b BIrsd' Wk ?

n 30 gnd 17Q
deni er "bet vee ﬁ ing 1ength greater than 40 microns.

45. The bundle of synthetic fibers of claim 44 wherein
1o said first arm has a length greater than 100 microns.

46. The bundle of synthetic fibers of claim 40 wherein
said ratio of said MPF;/MPFg; is greater than 5.0.

is5 47. The bundle of synthetic fibers of claim 46 wherein
said ratio of said MPF;/MPFg; is greater than 11.0.

48. The bundle of synthetic fibers of claim 40 wherein
said ratio of said MPFy/MPFg; is between 3 and about 28.

20 .
49. The bundle of synthetic fibers of claim 40 wherein
said MPFp is between 0.14 and 2.00 cc/(den*hr).
50. The bundle of synthetic fibers of claim 49 wherein
25 said MPFgp is between 0.20 and 2.00 cc/(den*hr) .
51. The bundle of synthetic fibers of claim 40 wherein
said MPFy is greater than 0.20 cc/(den*hr).
30 52. The bundle of synthetic fibers of claim 40 wherein
the fibers have a denier between 15 and 250.
53. The bundle of synthetic fibers of claim 52 wherein
the fibers have a denier between 30 and 170.
35 '
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- 148 - 69. A bundle of synthetic fibers for transporting

aqueous fluids conprising at least two fibers in a bundl e, at | east
one of sWQIBPWOPi bers having a non- round cross- sec®CIPAHA4687 _
VR err] less than or equal to 4.0 5 centinmeters and said bundl e havihg
a Specific Volunme greater than 4.0 cc/gmand a VRlerr]VR erri greater
t han or equal to 1.3. 70. Fhd4burdl e of synthetic fibers of
claim69 having 10 an average inter-fiber capillary width of from25 to
400 m crons. 71. The bundle of, synthetic fibers of claim®69

wher ei n. Bhe cPodundle iof, synthekic i cbAbotFepsRostinge 15
fibers satisfy hhaebnsqtauﬂds dbﬂprﬂdiﬁQE&¢€ﬁé&s#)tﬂo 2iBefd in a

dynes/ den, E3 f ros sécfion
of the fiber, [er 1‘@3"% a’e %Pedrél%gn& oﬁ%@%géﬁg hgogn& ?‘f r] a) .
is the advanC|ngovmﬂtaupsangagtﬁbntnnd|Sﬂiilb@ndledbagunqd on a flat
surface nage fron1th Fgagpg@@gifﬁa Volume d¥ed @@rftggﬁ and Bavywg the sane

surface treatnment an s the denier of the fi r. 72. The

bundl e of synthetic fFlePs VRe VRsenPESaRRAE, LhAN 8F equal $9iheis 288e a
| ubricant coated ther(@)n e MRy ig¥ieater than Vi veqgal dPersecotcentimetesslo

wei ght percent solids conponent, said solids conponent conprising 10
wei ght percent sol ution of poly[ pol yethyl enegl ycol (1400)
terephthalate],554.1ﬂh§gﬁﬂh@iﬁwﬂﬁnsxn#96£i§IﬁhbegSyoﬁl013 m 54( hey)ing
monol aur ahg, 44ah ‘éﬁi&@g R - PP Ep £ Par Wldtﬂl $20krbi09s to 400
nonol aurate, and 8 weight percent -cé¥y ethyl nmor phol I ni um

et hosul f at e. mlcrons.

56. The bundle of synthetic fibers of claim 54 wherein
the cross—section and the surface composition of the

15 fibers satisfy the inequality: (Py cos(fa))~d > 0.03
dynes/den,

wherein P is the perimeter of the cross—section

of the fiber, ¥ is the surface tension of the liquid,
(fa) is the advancing contact angle of the liquiad

20 measured on a flat surface made from the same material
as the fiber and having the same surface treatment and 4
is the denier of the fiber.

57. The bundle of synthetic fibers of claim 54 wherein

25 said fibers have a lubricant coated thereon comprising
90 weight percent water and 10 weight percent solids
component, said solids component comprising 10 weight
percent solution of poly[polyethyleneglycol (1400)
terephthalate], 44.1 weight percent polyethylene glycol

30 (400) monolaurate, 44.1 weight percent polyethyiene
glycel (600) monolaurate, and 1.8 weight percent 4-
cetyl, 4-—ethyl morpholinium ethosulfate.

) ) A
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- 149 - . 73. The bundle of synthetic fibers of claim®69 wherein

sai d crosgosBfebdegn of said fiber defines a first arm engt h
greater tsﬁan 4‘6“rgn crons. 5 74. The bundl e of synt hetl'!?‘ar¥l %’g‘@m{_)f .
claim 73 wherein said first armhas a |length greater than 100

m crons. 75. The bundl e of synthetlc fibers of claim69 whérein
said fibers have a Single Fiber Bul k Facto}df—greater 10 t han 4.0.

76. The bundle of synthetic fibers of claim75 mhereln t he Specific

Vol une i s betwe

of claim 76 whe Tﬁlghgng“%%%géﬁchYPﬁhG q% 9&;?#%}%y§% g'c f;ibers

78. The bundl e s&idyorbss+settbonsofif salis mﬁﬁENdefimes a firEtearhMR[erH
is greater than, 2? 7 Qgeg] f tic fibers of claim
78 herein %&fn? v%f ?t? ?reg%%% A6 n A 30. The bundl e of :

synthetic fibers of claim69 wherein 25 VR err]VR err] is between 1.66

and 11.7. s 59. 81rhdhpuhdndl BfOEny‘ﬂHéﬂtd G {1hd¥ee SoPf cTh 2589 whleeiedin)
the fibers have a, gegler bet ween 15 e hundl e of

e hetr et borBaif BAERH S Rass P, 1EngtE gredter, wign, 100 BaRFERSI0! veen
30 and 170.

60. The bundle of synthetic fibers of claim 54 wherein

said fibers have a Single Fiber Bulk Factor of greater
10 than 4.0. '

61. The bundle of synthetic fibers of claim 60 wherein
the Specific Volume is between 4.0 and 10.0.

15 62. The bundle of synthetic fibers of claim 61 wherein
the Specific Volume is between 4.0 and 7.2.

63. The bundle of synthetic fibers of claim 54 wherein

VRg/VRgp is greater than 2.0.

20 | _
64. The bundle of synthetic fibers of claim 63 wherein
VRg/VRgy is about 2.3.

65. The bundle of synthetic fibers of claim 54 wherein
25 VRg/VRgp is between 1.66 and 11.7.

66. The bundle of synthetic fibers of claim 54 wherein
VR is between 4.0 and 15 centimeters.

30 67. The bundle of synthetic fibers of claim 54 wherein
the fibers have a denier between 15 and 250.

68. The bundle of synthetic fibers of claim 67 wherein

the fibers have a denier between 30 and 170.
as
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83. A bundle of synthetic fibers for transporting aqueous fl ui ds

conprising at least two fibers in a 35 bundl e, at |east one of said two
fi bers having WO 98/ 07909 ;
PCT/ US97/W288/97909 _ - 150 - PCT/US9714607 ( A) a
non-round cross-section; (B) a Siyggle Fiber Bulk Factor- greater
than 4.0; (C) (i) a Specific Capl I'lary Volunme less thar 2.0
cc/gmor a Specific Capillary Surface Area 5 | ess than 2000 .

cc/gm and (ii) esoreal bundi@of synthet:l.c fibéfsi fbrattahepositdmae! s
having a capill

T o

surface great er bundiles ady desysgmori® of sai@4twq hélbendl halv'h.ngylat hneini—€
fibers of clai m33nees; ég__ tidd & svﬁect]l_ e
conposition of ther1 r‘?ﬂ seercs lsatl l%?/ t he éljgaﬁlt A1¢to 4. O_
cos([err]af)/d cgn(;:t@gters angy faididpndle hav:mg a Jume he

perineter of thq:@aaﬁa&-mﬂ &AL 0 ccr faﬁaleafvhgm;,erqﬂeaﬁefhensﬁraﬁce
tensi on of the I| ([err]a) is the advancing contact angle of the

l'i quid - me& h 23 at surface made fromthe sane nmateri al
as the fiber and having the sarre surface treatnent and d 20 S the

deni er of the fisher ,?%hqgé of h isher | m 84
wherein tglebeP[ er re] cos er ri;% f%e 1)8&9& 88381233% G%O(ﬂ(? nes’/ den.
25 86. 10The MMhAVEXFHIS iMYRST 11?$¥)e¢§Pb¥-1@FH| Wé;trhm@r &xem 25 tq 00

Plerr] cos([err mdordhd.s between 0.04 and 0.073 dynes/den. 87. The
bundl e of synthetic fibers of claim 83 wherein

71. The bundle of synthetic fibers of claim 69 wherein-
the cross—section and the surface composition of the

15 fibers satisfy the inequality: (Py cos(fa))d > 0.03
dynes.den, '

wherein P is the perimeter of the cross—section

of the fiber, 4 is the surface tension of the liquid,
(8a) is the advancing contact angle of the liquid

20 measured on a flat surface made from the same material
as the fiber and having the same surface treatment and 4
is the denier of the fiber.

72. The bundle of synthetic fibers of claim 69 wherein

25 said fibers have a lubricant coated thereon comprising
90 weight percent water and 10 weight percent solids
component, said solids component comprising 10 weight
percent solution of poly(polyethyleneglycol (1400)
terephthalate], 44.1 weight percent polyethylene glycol

30 (400) monolaurate, 44.1 weight percent polyethylene
glycol (600) monolaurate, and 1.8 weight percent
4—cetyl, 4-ethyl morpholinium ethosulfate.

* c L L} s *



said fibers have a |ubricant coated thereon conprising 30 90 wei ght

percent water and 10 wei ght percent solids conponent, said solids
conponentwedglahdesi Ng 10 wei ght percent sol ution of 97

pot y[ pol yet hyl enegl ycol (1400) terephthal ate], 44.1 mel ¢ B@ﬁgént
pol yet hyl ene gl ycol - (400) nonol aurate, 44.1 wei ght percent -

pol yet hyl ene WO 98/ 07909 : , =

PCT/ US97/ 14607 — 149 - 157 - gl ycol (600)
monol aurate, and 1.8 meight percent 4- cetyl, 4-ethyl norpholinium
et hosul fate. %% bundl e_of, .s nIhe Lc fibers of .cl aim 83 having
5 an average it er: 95 S¥PERhIE oF1PeEH 95 e£daipy 69 wherein

m crons. saigd, dﬁmsdmseﬁtaaﬁ QﬁnadmdlfnbebedefmﬁeslalEu&%twh&mEIn

sai d cross-sect haQiQl g‘n?a'ﬁn%ergf%ﬁ#ﬁ%ﬁa having a length

greater than 40 mcr syn hetic fibers of
claim 89 wherein said first armhas a Iength greater than 100

{n'hcrgns.l 5|1:_5b 7491I m&%@m@ Q:f{sy&%ﬁé@iécfibéﬁésoff cﬁhaw&?vv)mffﬁ:{l
e Single Fiber or et ween
bund! e gf synthgﬁgg % \ﬁ;?ﬁﬁﬁﬁégﬁea er tPﬁQ éﬂ@bﬁﬁq?9§ﬁnllary

Vol une is between 0.0 and 1 5 cc 20 93. The bundl e of synthetic

f Be;ﬁdoﬂ cl glcmz%Z WilePifinale of MymifAL{d CeEBREL! BEY cYRiW Y WHSIGE"

said fibers have a Single Fiber Bulk Factor of greater
10 than 4.0. '

76. The bundle of synthetic fibers of claim 75 wherein
the Specific Volume is between 4.0 and 10.0.

15 77. The bundle of synthetic fibers of claim 76 wherein
the Specific Volume is between 4.0 and 7.2.

78. The bundle of synthetic fibers of claim 69 wherein
VRg/VRgy is greater than 2.0.

20
79. The bundle of synthetic fibers of clain 78.herein
VRg/VRgp is about 2.3.

80. The bundle of synthetic fibers of claim 69 wherein
25 VRg~VRgp is between 1.66 and 11.7.

81. The bundle of synthetic fibers of claim 69 wherein
the fibers have a denier between 15 and 250.

30 82. The bundle of synthetic fibers of claim 74 wherein
the fibers have a denier between 30 and 170.

83. A bundle of synthetic fibers for transporting
aqueous fluids comprising at least two fibers in a
35 bundle, at least one of said two fibers having
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94. The bundl e of synthetic fibers of claim84 wherein 25 t he Specific
Capillary Surface Area is |ess than 1500 cnferr]/gm 95. The
bundl e of _synthetic fibers of claim83 wherein the fibers have a
deni er beWHEA™M8 and 250. 30 96. The bundl e of synt RETESIUNTs of
cl aim 95 wherein the fibers have a denier between 30 and 170.- '
WD 98/ 07909 PCT/ US97/ 14607 ~

- 152 - 97. A bundle of syntheti< fsbers for transporting non-
pol ar fluids conprising at least two fibers in a bundle, at | east one
of said two fi.ber having (A) a non-round cross-section; 5

(B) a Single Fiber B{Ak Zanbunrrgned: erossasettdion; (O (i) a
Specific Capillary V h / rsdpe .
Specific Capillary S ??gge%iﬁgég ga?%foBulk.FaCt?%§%r?%%%£28§éﬂcgf8&1 and
(ii) more than 70% ofl€)nt (&) f ppEPeCAFiq £aRillary Volume lesshkhang2a0-
channel width greater thage3gfd or a Specific cdpilDasy Sififace Area (D

. g Y :

i bors of Bl i m o7 havi ngLass tBan 2090 corqly andr (LS CaBrd) cPUR, A56" o

from 25 to 400 m cr ofis intra—fibego clitrndils dhavingsanchpiildarybers of

S oS! it ary o ERSSAAT SACKIORANLD Sl 280 FABRERKL) gl (1

dynesden, (D) an adhesion tension of distilled water on the

surface greater than 25 dynes.cn.

10 |
84. The bundle of synthetic fibers of claim 83 wherein
the cross~section and the surface composition of the
fibers satisfy the inequality: (Py cos(fa))d > 0.03
dynes.rden,

15 wherein P is the perimeter of the cross—section
of the fiber, 4 is the surface tension of the liquidqd,
(¢a) is the advancing contact angle of the liquid
measured on a flat surface made from the same material
as the fiber and having the same surface treatment and a4

20 is the denier of the fiber.

85. The bundle of synthetic fibers of claim 84 wherein
the Py cos(fa)).d is between 0.03 and 0.10 dynes.den.

25 86. The bundle of synthetic fibers of claim 85 wherein
the Py cos(fa)) d is between 0.04 and 0.073 dynes-den.

87. The bundle of synthetic fibers of claim 83 wherein
said fibers have a lubricant coated thereon comprising
30 90 weight percent water and 10 ﬁeight percent solids
component, said solids compdnent comprising 10 weight
percent solution of poly(polyethyleneglycol (1400)
terephthalate], 44.1 weight percent polyethylene glycol
(400) monolaurate, 44.1 weight percent polyethylene

RN A



wherein P is the perineter of the cross-section of the fiber, y is
the surface tension of the |iquid, ([err]a) is the advancing contact
angle of the liquid 25 nmeasured on a flat surface nade fromthe sane
mat er i al WO980790%s the fiber and having the sane surface tPexiussmidsond d
is"the denier of the fiber. 100. The bundl e of synthetic fibers of
claim97 wherein 30 sai d cross-section of said fiber defines a first
arm having a | ength greater than 40,&} crons. 101. The
bundl e of synthetic fibers of claim 100 wherein said first arm has a
| ength greater than 100 mcrons. 35 WO 98/ 07909

ECTGP8974146OZhleCO% (600) monolaurate%hand 1. 8'w51§ht(F%§ce?t1%2b Thg ™
undl e of syn c,fi erein sai i ngl e Fiber Bu
Factor is betme§%£ g %E330m°rpgb%1nlﬂﬁ3etﬁﬂ?“iﬁﬁﬁ%?cﬁ synt hetic ‘fibers
of claim 97 wherein said Specific Capillary Volune is between 0.0 and
1.5 cc. 0 n t fibe | m 103
wherein : sg?a S'[l)‘le%l é E Q}tl %&%t%ﬁtﬁﬁtél}%éor% véeée)ré %ﬁ; # a’l 2918

cc. 5 1052nTA¥epade| énﬁﬁrs-fnhm capiliary stidtimiof Erame2®ito 400
said Specific Gapekrbagy Surface Area is | ess than 1500 . cc/gm 15

89. The bundle of synthetic fibers of claim 83 wherein
said cross-section of said fiber defines a first arm
10 having a length greater than 40 microns.

90. The bundle of synthetic fibers of claim 89 wherein
said first arm has a length greater than 100 microns.

15 91. The bundle of synthetic fibers of claim 83 wherein
the Single Fiber Bulk Factor is between 4.0 and 10.0.

92. The bundle of synthetic fibers of claim 83 wherein

the Specific Capillary Volume is between 0.0 and 1.5 cc.
20 |

93. The bundle of synthetic fibers of claim 92 wherein
the Specific Capillary Volume is between 0.0 and 1.0 cc.

94. The bundle of synthetic fibers of claim 84 wherein
25 the Specific Capillary Surface Area is less than 1500

cm?/gm.

95. The bundle of'synthetic fibers of claim 83 wherein
the fibers have a denier between 15 and 250.
30

96. The bundle of synthetic fibers of claim 95 wherein
the fibers have a denier between 30 and 170.

-
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106. The bundle of synthetic fibers of claim97 wherein said fibers
each have a denier between 15 and 250. 107. The bundl e of synthetic "
fibers of claim106 wherein 20 said fibers each have a denier between 30

and 170. woogm7909 108. A bundle of synthetic fibers for ”%@f Fria
aqueous fluids conprising at least two fibers in a uﬁgﬁi, &EéreLn

25 (1) at least one of said two fibers has (A a Qpn-round
cross-section defined by a first arm having a length greater
than 40 mcrons and a second'a}%?ﬁéving a length greater than
40 m crons and 30 (B) a Single Fiber Bulk Factor

greater than 4. n : ' : _
7 A bundle o?hgxnmté.gf %alﬁb%@’éj :é%}i:ndéx% r%llng non:

(A) a Specific Volune greafer ! .
MPF[ er r ] MPF[ er r PodpEafdnidragonprigdag At deast two Lijpigy/Oyomdbundle,

PCT/ US97/ 14607 at least one of said two fiber havingp4 - . (O a
MPF[err] greater thaqﬁsr equal ton%i14 cc/ (den*hr). 1009.
The bundl e of synt hetPd Pi BOPSTORNG grasfr®eptdoni, 5 the cross-section

and the subface conpd8)t aosintjleh®Fiber Bullh@actent igfeatdre timmnual 0} y:
(P[err] cos([err]a))/ > Q0,0 : Qﬁ#ﬁ , ebn P is
the perineter of the(gposégge%tﬁgﬁlegglo %9€ﬁ¥J¥§l %H% s?éﬂﬁﬁé %U?face

tension of the |iquid, 10cc/gp OFr PaSHesific faniddiany cHHItREe MEER of the
l'iquid measured on 3eklsatthal 2000 Bem,” @hRd he sane nateri al

(ii) more than 70% of intra—fiber capillaries
10 having a channel width greater than 300
| microns; and
(D) a hydrophobic surface composition.

98. The bundle of synthetic fibers of claim 97 having
15 an average inter—fiber capillary width of from 25 to 400
microns.

99. The bundle of synthetic fibers of claim 97 wherein
the cross—section and the surface composition of the

20 fibers satisfy the inequality: (Py cos(fa))~d > 0.03
.dynes/den,

wvherein P is the perimeter of the cross—section

of the fiber, 4 is the surface tension of the liquig,
(8a) is the advancing contact angle of the liquid

25 ‘'measured on a flat surface made from the same material
as the fiber and having the same surface treatment and 4
is the denier of the fiber.

100. The bundle of synthetic fibers of claim 97 wherein
30 said cross-section of said fiber defines a first arm
having a length greater than 40 microns.

101. The bundle of synthetic fibers of claim 100 wherein

said first arm has a length greater than 100 microns.
35
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as the fiber and having the sane surface treatnent and d Is the
denier of the fiber. 15 110. The bundl e of synthetic fibers of claim
108 wherein said fibers have a lubricant coated thereon conprising
90 wei ghtWB&BBA? water and 10 wei ght percent solids Pcﬁﬁﬁﬁﬂbﬁv7 sai d
sol i ds conponent conpri.sing 10 wei ght percent sol ution of .

pol y[ pol yet hyl enegl ycol (1400) 20 terephthal ate], 44.1 wei ght percent
pol yet hyl ene gl ycol (400) ronol aw-ai®s3 44.1 meight per cent

pol yet hyl ene gl ycol (600) nonol aurate, and 1.8 wei ght percent 4-
cetyl, 4-ethyl norpholinium ethosulfate. 25 111. The bundl e of :
synthetlc fi ber502f Thei hund3ewnsr sypthetic fikens ofs-alain B7 Whexein
fiber further d§£i&e.§1ﬁﬁia' ?S'I.ber Bull' FaltdurG 2 dldh U SRt &g L1800 40

m crons. e bundl e of synthetic fibers of claim 11l wherein
30 said first arm said second armand said third arm al | radi ate

froma commopn axos. The bundlia3ofTb§thh&d:|1@ i e icldimes® Wheetphm

35 "onal 8 naPRidaspertEkL. Febing Al Y A ARG R AT 2.5

PCT/ US97/ 14607 cec. - 155 - said
second arm and said third armdefine a second angl e having a vertex
at said conmon axi s said third armand said f1rst arm define a
t hird andP8 - hThensundder ok synthetic dikArs,e% clatm 163 wherein

said first angl eaidasgesddded @@gjle.arqndrcﬂamté tis rmhtween oamgiﬂdawoal |
substantlgbly 1%g[err]

105. The bundle of synthetic fibers of claim 97 wherein
said Specific Capillary Surface Area is less than 1500

cc/gnm.
15 .
106. The bundle of synthetic fibers of claim 97 wherein
said fibers each have a denier between 15 and 250.
107. The bundle of synthetic fibers of claim 106 wherein
20 said fibers each have a denier between 30 and 170.

108. A bundle of synthetic fibers for transporting
agueous fluids comprising at least two fibers in a
bundle, wherein |
25 (1) at least one of said two fibers has
(A) a non—round cross-section defined by a first
arm having a length greater than 40 microns and a
second arm having a length greater than 40 microns
and '
30 (B) a Single Fiber Bulk Factor greater than 4.0,
and ' :
(2) said bundle has
(A) a Specific Volume greater than 4.0 ccs/gm,
(B) a MPFg/MPFgp greater than or equal to 3.0,
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114. The bundl e of synthetic fibers of claim 113 wherein said first

armhas a first distal tip, said second arm 10 has a second distal tinp,
said third armhas a third distal tip, and the distal tips of .
adj acent WOo8/0wW09t he first, second, and third arns pceusepsseted b
between about 330 and about 390 m crons. - 15 115. The bundl e of
synthetic fibers of claim 112 wherein said first armand said
second arm define a first angl e hgwggg.g vertex at said conmon axis,
sai d second armand said third arm define econd angl e having a
vertex at said common axis, 20 said third armand said first arm
define a third ngl avy e Ld1CeEMRN 4gxi s, and _
said first angle and(ggi gchnngﬁgfg g%gﬁ 8k éﬁh?&bgtanfﬁglly 90[err] and
said third angle is SG5$AgRLAEI Ly 180[err]. 25 116. The |
bundl e of synthetic fibers of claim 115 wherein said first armhas a

fi di | tip,aSaj 1d. di | tiDb, id
third arm has atPRrraneBaRATG"oF pvpepet]ss ARRSiPHE Piady 108 whdetn,,
armand 38 thiedcyossneeatinar ande rhea s fagey compes ittion 290 the _
m cr ons. fibeté sab s?k}n@h@ Q.Beﬁg:r'&tlg.;%:y'::ﬁ e(fgqggo} Swa)c)lffgjm;%.ﬁ‘@er ern

sai d cross-secti.on of _sai I ber furt rth arm havi ng
a length great eRYPRE(A2D i crons. WO 98/ 07909

PCT/ US97/ 14607 ~ wherein P is the perimeterl®f the cross-—dd8tidhe
second arm. sai A% FPPd TAPRFand’ F doe SuttacE Repsiop £F they Ligafa ), 3
conmon axie. (fa) is the advancing contact angle of the liquid

measured on a flat surface made from the same material

as the fiber and having the same surface treatment and 4

is the denier of the fiber.

15 110. The bundle of synthetic fibers of claim 108 wherein
said fibers have a lubricant coated thereon comprising
90 weight percent water and 10 weight percent solids
component, said sclids component comprising 10 weight
percent solution of poly[polyethyleneglycol (1400)

20 terephthalate]}, 44.1 weight percent polyethylene glycol
(400) monolaurate, 44.1 weight percent polyethylene
glycol (600) monolaurate, and 1.8 weight percent 4-—
cetyl, 4—ethyl morpholinium ethosulfate.

25 111. The bundle of synthetic fibers of claim 108 wherein
said cross—section of said fiber further dQefines a third
arm having a length greater than 40 microns.

112. The bundle of synthetic fibers of claim 111 wherein
30 said first arm, said second arm and said third arm all
radiate from a common axis. '

113. The bundle of synthetic fibers of claim 112 wherein
said first arm and said second arm define a first
35 angle having a vertex at said common axis,

—

.



5 119. The bundl e of synthetic fibers of claim 118 wherein said

first armhas a first distal tip, said second arm has a second
distal tyg idd third armhas a third distal tip, i h arm
has a fow%%1 I'Stal tip and said first distal tipié?%g%gﬁg@gd fr.om
said second 10 distal tip by at |east about 125 m crons. - 120.
The bundl e of synthetic fibers of claim119 wherein said second arm
is adjacent said third arm and said = 153 ¢Tond distal tip of said
second armis separate from 15 said third distal tip of said third arm

?Yb2£s| g?szl aim1l Wneg néééoﬂhcéﬁsangr 8?§'dset&111%]ah gn (%ugﬁl‘?ebg %é?? Stslg

substantially angle beninglacuEateshapeShaﬂ ePmne ks r egi on, a first

end region in | @ f t skal gt

regi on includlng sgégﬁ g%ﬁ?aﬁiﬁ aﬁh 5 %géFngﬁPqnﬁh dls?t? ¥|p 1s
separated from B?HQSBEBHBgdPsYﬁFtFFpaEysa comparn @A%is nAPP00 ni crons.

25 8422. The bzaflaefotstyanbtel, Cshidesecdnd latigld2landes®id third
said first dlstgnﬁﬁlp IS sEEaraEe% fron&iﬂ econd distal tip by
greater than 40 & BRE. 2+ 8P°S e ndl e of synthetic fibers of
claim1l1 wherein .said cross-section of said fiber defines

(a) a first ar xt [ g |ﬂ§H fﬁ%ht s
distal tip and g%S|nQﬁg eﬂﬁ?@”é?ea?h%hé%ﬁ3< ers<ﬁ§rﬁ 13 hesk Wﬁ
98/ 07909 - said first arm has a first dlsq@-mggg,?/qm?second arm

- 157 - ao has a second distal tip, said third arm has a third
distal tip, and the distal tips of adjacent ones of the
first, second, and third arms are separated by between
about 330 and about 390 microns.

15 115. The bundle of synthetic fibers of claim 112 wherein
said first arm and said second arm define a first
angle having a vertex at said common axis,
said second arm and said third arm define a second
angle having a vertex at said common axis,
20 said third arm and said first arm define a third
' angle having a vertex at said common axis, and
sajid first angle and said second angle are
sﬁbstantially 90° and said third angle is substantially

i180°,

25
116. The bundle of synthetic fibers of claim 115 wherein
said first arm has a first distal tip, said second arm
has a second distal tip, said third arm has a third
distal tip, and the distal tips of said first arm and

30 said second arm are separated by greater than 200
microns.
117. The bundle of synthetic fibers of claim 111 wherein
said cross-section of said fiber further defines a

35 fourth arm having a length greater than 40 microns.
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(b) a second armextending froma second proxi nmal end to a second
distal tip and having a |l ength greater than 40 m crons,

(c) athird armextending froma third proxinal 5 end to a third

di stal tMO®MAP®aving a length greater than 40 ni cPGFAISS7/14607
(d) a fourth armextending froma fourth proxinmal end to a-fourth
distal tip and having a |l ength greater than 40 mcrons, 16 _

(e) a base extending froma first base -engsdg ~a second base end and
having a |l ength greater than 200 m crons, wherein said
first proximal end and said second proxi mal end join said first base
end and said thiit8. The bpndienmaf syrnthetticafdbers of mladmallZzrwherein
said sec b ng,...t h y wixn g r el .
154 The bundl coaf orEeRe, frmy 'ERTE splORN AR, JEAIL enira S Una £3i4,
distal tip is sEpaFhRedr®r aklsupdiaker §rompa cogmengasiisy and said fourth
distal tip by at |east 200 m crons. 125. A process of

Ki bundl thetig.fib . h i Sing the,
Ctopelor 8a¢ C8b. SHHG Bhoi1 6o PR, SYBPEt is, EARERS P AL AP AheT e
of a spinnerettsaid fiorstaarmxhasded fiysthdiistal tip, said fsemondtdem
aperture havi ngnasnQngpauAg ﬁﬁgﬁﬁlugég, ggid e 12 ML ird (B)

qguenchi ng and | ubricating the extr synthet;c?fl er, the
synthetic fiber h&FRrhgtiPnofaid fourth arm hagac Rt disinhiein andgl e

Fiber Bulk Factgaia first dist@lealip’ ishaephr@tadl frvm HaKH sdwondg a
oroater 10 aistal BiBTByCRE hGagk ahctin 13¥ Hhadna PLU T than or
35 equal to 0.14 cc/(den*hr). . WO 98/ 07909
PCT/ US97/ 14607 330, The bundle of synthetic fibers of claim 119 wherein
said second arm is adjacent said third arm, and said
second distal tip of said second arm is separate from
15 said third distal tip of said third arm by at least
about 333 microns. -

121. The bundle of synthetic fibers of claim 1 wherein
said cross—section of said fiber defines a substantially
20 semi—~circular shape having a center region, a first end
region including a first distal tip, and a second end
region including a second distal tip; and said first
distal tip is separated from said second distal tip by
greater than 200 microns.
25
122. The bundle of synthetic fibers of claim 121 wherein
said first distal tip is separated from said second
distal tip by greater than 400 microns.

30 123. The bundle of synthetic fibers of claim 1 wherein
said cross-section of said fiber defines |
(a) a first arm extending from a first proximal
end to a first distal tip and having a length greater
than 40 microns,

* [+ L M S *



- 158 - 126. The process of claim 125 further conprising heating

the polyner to a tenperature between about 270 and about 300[err]
centigrade during the step of extrusion and wherein the polynmer is
pol yet hyméme8/q788%pht hal ate. 5 127. The process of cPEI/HSIA36er ei n
the step of extruding is fromthe aperture having a wdth of- | ess~
than 0.12 mllineters. 10 128. The process of claim 127 wherein the
step of extruding is fromthe apeer#ﬁ having a wdth of the

| ess than 0.090 mllineters. 129 e process of claim 127 wherein

the step of 15 extruding is fromthe aperture having a length of an arm

of the aperture great@y t@%e@bﬂdr@ﬁnté‘é@téﬂﬂiﬁq from a seédfa pPOYAINAGESS

of claim 129 wher gj he ste ex r romthe_ aperture:
having a | ength qﬁb a ’ﬂ?c‘g‘%rqﬁﬂf%]at ‘ﬁ li%ﬁ’-’i‘?r@sl?ﬁgtﬁl greater
131. The processhein claimicehs\her ei n the step of extruding is from
t he aperture having Ie 3
Spinnerette for extru Rng a ghape B%?teﬁﬁ fgém athhﬁér§FP§1ﬂ591ng
surfaces dé& ini Rpttte enthiord aispal tip and shavingea iengtbhgpeatsperture
havi ng: _ than(ﬂd wididrid, afn1haV|ng a first width and a first . 30
| engt h, (2). a second arnlhaV|%%ma second wi dth and a second
| engt h, and (d) (B LoYrkh AER S¥ESRAING FRPRJaWERURtR, Broximaly
| ength, 35 end tdex efdurth distal tip and having a length greater
than 40 microns, _
10 (e) a base extending from a first base end to a
~second base end and having a length greater than 200
microns, -

wherein said first proximal end and said second
proximal end join said first base end and said third

15 proximal end and said fourth proximal end join said
second base end, thereby forming a general "I" shape.

124. The bundle of synthetic fibers of claim 123 wherein
said first distal tip is separated from said third '

20 distal tip and said fourth distal tip by at least 200
microns. | -

125. A process of making a bundle of synthetic flbers,
the process comprising the steps of
25 (A) extruding molten polymer from a shaped aperture
of a spinnerette to form an extruded synthetic
fiber, the aperture having a non-round cross-—
section and
(B) quenching and lubricating the extruded
30 synthetic fiber, the synthetic fiber having a non—
' round cross-—section and a Single Fiber Bulk Factor
greater than 4.0 and the bundle having a Specific
Volume greater than 4.0 ccrgm, a MPFR/MPFg, greater
than or equal to 3.0; and a MPFz greater than or

35 equal to 0.14 cc/(den*hr).
-
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WO 98/ 07909 PCT/ US97/ 14607

- 159 - (4) said first arm said second arm and said third
armall radiate froma conmon axis, (5) said first width is

| ess tha Il linmeters and 5 (6) said f his
greater M@éﬂ@ut forty times said first wdth. ﬂéﬁﬁsygé@&&rhe—.
spinnerette of claim 132 wherein said first | ength is greateéer than
about sixty tines said first 10 w dth. 134. The spinnerette of
claim 132 wherein said second Ienmﬁ??qs greater than about seventy
times said first wi dth. 15 135. The spinnerette of claim 132
wherein said fi h_ kS t t u l,hes, said
first o 55 The Brass Jan p ISR, Tos' SRELRLY CORRVARRN MR

fifteen tines s%\h%l mlmem tieha temperaturelbstwen@ apowte 20 % and claim
135 wherein Sa'ﬂbéﬁtr§%0° centi&PS&E &ﬁrﬂh&aEﬁE Ehap FOWxIRSEY ﬁﬂgfeln

said first I nnerette of claim 132"

d
(1) said first V%ﬁﬁ?ﬁn|§h§rEai¥Pthiﬁ HB&HP ¥lene terephthalatesaig first

wi dt h, 5 (2) said second length is greater than about

seventy times Sfﬁ? f&ﬁatp¥bQLQs of%claim 128( ersdid @'§¥éﬁﬂg¥h s

greater than abou seventy tInes sai rst W (4)
said first |engeﬁtrgénngséeoﬁuomehgghapanﬁuyaubavzng awﬂﬂdﬁhIQﬁuﬁ¢S%fe al |

equal . than 0.12 millimeters.

1o 128. The process of claim 127 wherein the step of
extruding is from the aperture having a width of the
less than 0.090 millimeters. '

129. The process of claim 127 wherein the step of
15 extruding is from the aperture having a length of an arm
of the aperture greater than 50 times the width..

130. The process of claim 129 wherein the step of
extruding is from the aperture having a length of the
20 arm greater than 100 times the width. '

131. The process of claim 129 wherein the step of
extruding is from the aperture having at least three
arms. -
25 .
132. A spinherette for extruding a shaped fiber, said
spinnerette having surfaces defining at least one shaped
aperture, said shaped aperture having:
(1) a first arm having a first width and a first
30 length,
(2) a second arm having a second width and a second
length, and
(3) a third arm having a third width and a third
length,

35 wherein
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WD 98/ 07909 PCT/ US97/ 14607
- 160 - 138. The spinnerette of claim 137 wherein said first -

| engt h, nd Iength and said third length are about
i nﬁ@hqgiﬁﬁg fxa%erelﬁ&ﬁ

said co 139. The spinnerette of claim13

(1) said first Iength I s greater than about seventy times said first
wi dt h, (2) said second length is greater than about

seventy tines said first width, 10 — Y89 —said third length is
greater than about seventy tinmes said first wdth, (4)
said first armand said second arm define an ngl e of |ess, than
180[err], and said tHi4)d S&id Lixst (agm, said §ﬁ§PdeétheGQQL%4*9f?h%ﬁd

arm and the secenth @11 rabfiate from 4. c&hﬁoﬁpanﬁerette of claim 132 .

ourtharm o hast®) R ARG kA ey TR RAR - T iR
| engt h bei ng gr@aﬁbr than about . ten tlnes salg fourth 20 wi dt h.
second i deh. "and sai D dd“ﬁ%}% "PBsnoRkgkbater than Al SR

spi nnerette for ‘@WasFEaHG %HﬁﬁmﬂP¢?%er sai d splnnerette havi ng
surfaces defining at Ieast one shaped aperture, said shaped aperture

havi ng a subst antj.al | sen1 irc n aV|n radi us_and a
W dthounerein 307 The FRITSETSEr B8 Fhatto el whBHh A eV

radi us i sength timoxdaker fthay abrut sixtywitdmes sald firg®3. The
spi nneret 4@ of G}sdeR 142 wherein said radius is

134. The spinnerette of claim 132 wherein said second
length is greater than about ‘seventy times said first

width.

15
135. The spinnerette of claim 132 wherein said first
length is greater than about seventy times said first
width and said second length is greater than about
fifteen times said first width.

20 _ .
136. The spinnerette of claim 135 wherein said third
length is greater than about seventy times said first
width.

25 137. The spinnerette of claim 132 wherein

(1) said first length is greater than -about seventy
times said first width,

(2) said second length is greater than about
seventy times said first width,

30 (3) said third length is greater than about

seventy times said first width,

(4) said first length, said second léngth, and said
third length are all equal.
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nore than 100 tinmes said width. 35 WO 98/ 07909

PCT/ US97/ 14607 - 161 - 144. The
spinnerette of claim 142 wherein said shaped aperture includes
protrusi wo9$/0m09 sai d sem circul ar. portion havi ng aPOTASIUBIEM

| ength of no nore than about five times said wdth. 5 . 145. A

| iquid acquisition/distribution structure conpri si ng: ~ (D)
a top layer that is pernmeable to a liquid, 369 — (2) a distribution

| ayer conprising a capillary 10 system providing capillary forces on the
liquid when the - liquid is in contact with said distribution |ayer

tending to trangpert ThEGSbiimﬂdi'dw’ealdﬁlclalﬁaiﬁ txﬂ[b.reln sal@ygirsend -

(3) a resistanc r hawgijng a r e | 0 urface and a
resi st ance Iayeﬁebgﬁldms %@é: "?313”‘% gﬁ%sﬁ%’t‘i ?‘gyi %%v?ﬁss”
resi stance to tsymmeitydicoabgut said admmon qagiEfrom said resistance
| ayer top surface to sai d resistance layer bottom surface. 20
146. An absorbent product conprising the liguid
ach|S|t|oﬁ/dlsﬂ??bu@?&h5&%ﬂ&ﬁﬁﬁﬁ¥%ﬁ°§ﬂQﬁ?ﬂ@ﬁ&?%ﬂﬁpefelﬂ further:

conpri sing an absor bgnf e@malsﬂrﬁﬁfnéngﬁh is gred®©ér Sthancaboit seventy
acqii o1 t1 ondi ot FHEUE S8 FHRAT $FE ai m 145 and further
conpri sing an absor bei2) @@m§[§§anﬂI%ength is yyreatexcthan shout
di stribution |a§%&éﬂ%§.%ﬁﬁés said - fffg@tﬁ{@fhlayer 30
10 (3) said third 1ength is greater than about 3
seventy times said first width,

-(4) said first arm and said second arm define an
angle of less than 180°, and said third arm is in the
angle defined by the first arm and the second arm.:

15
140. The spinnerette of claim 132 wherein said shaped
aperture further has a fourth arm and said fourth arm
has a fourth length and a fourth width, said fourth
length being greater than about ten times said fourth
20 width.

141. The spinnerette of claim 132 wherein said first
width, said second width, and said third width are
equal.
25 ,
142. A spinnerette for extruding a shaped fiber, said
spinnerette having surfaces defining at least one shaped
aperture, said shaped aperture having a substantially
senmicircular portion having a radius and a width wherein
30 said width is less than 0.12 millimeters and said radius
is more than about fifty times said width.

143. The spinnerette of claim 142 wherein said radius is
more than 100 times said width.
35
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148. The structure of claim 145 wherein said top |ayer conprises a
perforated film a cal endar bonded sheet, or a spun bonded sheet.

35 149._. ucture of claim 145 wherein WO 98/

DoT/ Usoy) TG gguis _ 162 - %9”“‘.‘“(_1) .
said top layer has a top | ayer upper surface “and a top layer [ower
surface, said top |layer |ower surface opposing said distributlon

| ayer, (2) said top |layer upper 3@ifacte has a first 5

contact angle with said liquid, (3) said top layer |lower surface
has a second contact gngle wi.th s

| | gquj d . 4) said
second contact afffte FHq & F@ﬁﬁ(?fuéaaiggig? @gﬁfﬁép §ﬁ§Fe§h¥§Ld | |
150. The struct uapextutiediingludes Protiviisidmes cinomasdid semicdmiculary

Thei 1 bwes ar o pEPELIER BaVind, gy SRR tonaty®8s' A pe’ thEH Ybout

structure accor difiye: &izes matish widthi n sai d capillary system
conpri ses agbundl e of spontaneously transporting fibers arranged so
that in a region their . .axes are, essentjall arallel to. said top
layer. 20 o 8. ndigwid ARBIRLEF R ebr LPUEAPIASEGRITE sai d
capillary syst emcomiprrissigsy:a bundl e of fibers of claiml arranged so

{het 10,2 realon LSS ahF SPEE R e perpBARil, Bk, R0 LD
MPF[err] of the fibers{(2)n a Kiistwibubionohayayeronprisingea capillary
10 system providing capillary forces on the liguid when the
liguid is in contact with said distribution layer
tending to transport the liquid parallel to said top
layer, and
(3) a resistance layer having a resistance layer
15 top surface and a resistance layer bottom surface, said
resistance. layer provides resistance to transmission of
the liquid from said resistance layer top surface to
said resistance layer bottom surface.

20 146. An absorbent product comprising the liquid
acquisition-sdistribution structure of claim 145 and
further comprising an absorbent core beneath said
resistance layer.

25 147. An absorbent product comprising the liquid
acquisition/distribution structure of claim 145 and
further comprising an absorbent core partially
surrounded by said distribution layer and said
resistance layer. ' '

30
148. The structure of claim 145 wherein said top layer
comprises a perforated film, a calendar bonded sheet, or
a spun bonded sheet.

35 149. The structure of claim 145 wherein
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t han 0. 005 cc/den*hr. 30 154. The structure according to claim 145

wherein said capillary system conprises a bundle fibers of claim1l
arranged so that in a region their axes are essentially parallel to
sai d top |W98[07909 WO 98/ 07909 PCT/US97/14607
PCT/ US97/ 14607 - 163 - . '
structure according to claim 145 wherein said resi stance | ayer

i ncl udes regions of relatively high. liquid resistivity and a
plurality of spatially distinct regi 882 of relatively low liquid
resistivity. 5 156. The- structure according to claim 154 wherein

sai d regions of,relatively lowliquid resistivity are sized |
shaped and arranged tg)dissi]r‘#/&ﬁ%e fﬁjﬁ?ﬁg’gib%tgﬁ?i ?Y?i{ upperuﬁPFSFFny to
an absorbent commdendmmh yer rswaexr ssuefdde, saddetop layer lower The
structure of cl aypdr vgkgligf c?‘é{héaéﬂ&a@iééﬁiﬁtﬁion 1§¥§%gm i's designed with

capill aries fanni ng out om a regl on. . The structure of
cl ai m 145 wherei n sai Rk fA1G QP layer YpPeF, pUrfasehas i £Arskpi|laries
providing & t w-contact g iwith .sdievpgaia)n. 20 159. The:

Sai d capil Lary cystert Dot e, Tafet ENES sureacgiRal A BRESRY Tn o o
maj or axis in adenkAct anglewith ssaidthigeide ande than one inch.
(4) said second contact angle is less than said

first contact angle.

10
150. The structure according to claim 145 wherein said
capillary system comprises a bundle of fibers arranged
so that in a region their axes are parallel to said top
layer.

15 . | ,
151. The structure according to claim 145 wherein said
capillary system comprises a bundle of spontaneously
transporting fibers arranged so that in a region their
axes are essentially parallel to said top layer.

20
152. The structure according to claim 145 wherein said
capillary system comprises a bundle of fibers of claim 1
arranged so that in a region their axes are essentially
parallel to the top layer.

25 ’
153. The structure according to claim 145 wherein the
MPFy of the fibers in the distribution layer is greater
than 0.005 cc-/den*hr.

30 154. The structure according to claim 145 wherein said
capillary system comprises a bundle fibers of claim 1
arranged so that in a region their axes are essentially
parallel to said top layer. '

A



25 160. The structure of claim 145 wherein said di stribution |ayer
wei ghs between one and ten grans and conprises fibers having | engths

bet ween ten and seventy centineters. = 30 161. The structure of

cl ai m 145 WRIBBTNIsai d . distribution |ayer wei ghs bet wrar/ussyiasorf and
f our grans and conprises fibers having | engths between ten . -and

forty centineters. WO 98/ 07909 -

PCT/ US97/ 14607 — 163 = 164 - 162. The .

structure of claim 145 wherein said distribution | ayer wei ghs between
one quarter and two grans and conprises fibers having | engths between

seven and 1880t yhéi gtraeturetaticording to cldffn 4% whérei' sa®h
cl aim 145 wherein_s '

i distribytion layer co ise | bers of, first
Cengtn - andEefherenge Ja¥eloinaludsn, neons Of prarehivelg hioh '
said first |engthigadd resistévitix anfuiad pHomakity of dspatidllyodistinet -
structure Q8Pbhhs! BE: $ %#ihl ,s pernmeable to
a liquid and £ gﬁgb?nggar$%8F3X%l tggﬁééaf rlléﬁﬁisééﬁéf*fquid; 15 ‘
(2) a resisPance layer having a resistance |ayer top surface and a

resistance | ayeribett ®Hesgttaeturediatcording & PR 19y ewhereihdeaia
resi stance to transm ssi o

f . id liguid ' i st I
op surface (o Featops 88 Beletived A Thitid SepfotivieR g slzed ™'
(3) a distributishapageandeanrangelde ticodistpeibulrel 1igquidsaubstantibaiye
layer conprisi ”QPﬂi‘E?g-hh&a% 2% b¥%rbent %&%%é@ed&%?'s%%l YFEQEQ%%% the

liquid when the 1 qu IS In contact wth sal ution layer
sai d 1@api | LB¥$Tforces tending to transport the Iiquid .

157. The structure of claim 145 wherein said capillary
system is designed with capillaries fanning out from a

region.

15
158. The structure 6f claim 145 wherein said capillary
system is-designed with capillaries providing a two-
dimensional flow pattern. . '

20 159. The structure of claim 145 wherein said structure
has a major axis and said capillary system comprises a
bundle of fibers aligned with said major axis in a band
having a width of no more than one inch.

25 160. The structure of claim 145 wherein said
distribution layer weighs between one and ten grams and
comprises fibers having lengths between ten and seventy
centimeters. |

30 161. The structure of claim 145 wherein said

distribution layer weighs between one half and four
grams and comprises fibers having lengths between ten
and forty centimeters.
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25 substantially parallel to said top surface; (4) wherein

sai d resistance | ayer conprises (a) a first region
directly beneath said region intended for insult by said I|qU|d
(b) a seowodspmgbon that is separated 30 from sai dptirffsbriket ON.
(c) a third region that separates said first region fromsaid
second region, and (d) said first and second regions have
a : | ower resistance to transmfxﬁéglof.said 35 i quid
fromsaid resistance |ayer top surface VID 98/ 07909

PCT/ US97/ 14607 - 165 - to said
resi stance | ay ot h ' st 1 g £91 on

165. The struc?%r? #ﬂ %hg?e°13§§|%4P %ﬁb@%yw %%3§1N1|s smal | er

than said secorﬂil%@;mtwn layermslgluﬁebstwe@nup@eomr&qn B \#wQ ei n

said first grafsi &Mdi SoRpLites. Elﬁéﬂhl REVEhY NendtiE titween Geverd 67
A synthetic flber ald sy ﬁi etic %Lbe having (1) an axis, _
(2) a cross-secti®n %Pf¥? ¥8I GFn EsaXIS sai d cross-section
havi ng a c®oss- sectlonal shape, (3) said cross-sectional shape
defines a firstyggm r a I f&9th greater

t han 40 m c?%nsTﬁgals {"éaé% gg&gl ?‘ﬁi%&?ﬁl\?\'ﬁ[ ?Jh at the

m dpoi nt of thed¥$F§%bEF§?na%GY§rfFP@PrﬁéﬁﬁofépeFWEOf a fimsh lgngthngt h

to the first ararnan ﬁliheré 8feat secbhanlengthl@hatl is differieht Sfriéh
cross-secti onal pg ; Ees ghsecond arm said second arn1has a
second arn1|eng§ﬂ g 38

10

164. A liquid acquisition-distribution structure
comprising:

(1) a top layer that is permeable to a liquid and
having a region intended for insult by a liquid;

15 (2) a resistance layer having a resistance layer
top surface and a resistance layer bottom surface, said
resistance layer provides resistance to transmission of
said liquid from said resistance layer top surface to
said resistance layer botﬁomﬁsurface; and

20 (3) a distribution 1ayef between the top layer and
said resistance layer comprising a capillary system
providing capillary forces on the liguid when the liguia
is in contact with said distribution layer, said
capillary forces tending to transport the liquid

25 substantially parallel to said top surface;

(4) wherein said resistance layer comprises
(a) a first region directly beneath said
region intended for insult by said liquid,
(b) a second region that is separated
30 from said first region,
| | (c) a third region that separates said
first region from said second region, and
(d) said first and second regions have a
lower resistance to transmission of said
35 liguid from said resistance layer top surface
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than 40 m crons, said second arm has a second arm wi dth at” the

m dpoi nt of said second arm and a second ratio of the second arm

| engt h torkhﬁ% ond armwidth is 25 greater than 10, (5) said
Cross-sec A hape defines a third arm sai d thir dPETISHUBGET

| ength greater than 40 m crons, said third armhas a third armw dth
at the m dpoint of said third arm and 30 (6) said f~rst
arm said second arm and said t hi +d1&bnral | radiate froma conmon
poi nt . 168. The synthetic fiber of claim 167 wherein (7)
said first armand said second grmdefine a 35 first angle having a
vertex at said connnﬁ op§pAel resistange gpyemdetton surface than

PCT/ US97/ 14607 said third region. - 166 - T (8)
said second armand said third armdefine a second angl e having a
vertex at said common point, and (9) said third armand said

first arm defi néd68. The stﬁﬂﬁ&&mqﬂ&fiﬂiﬁim)kﬁ%e#hexean saiid €dwstn point,

and 5 5 iofdid Ehalhed " ¥Han T fhsseée%\?? n2nd said
third angle are aﬁ substantially 120[err sal |rg% ratlo and sald
second ratio are each greater than about 20, and a third ratio of

said third arn1leagtmhbost&u&thMQbe c%a1§”IB4Mwhéréingéﬁiaefa&%%ﬂ about
20. 10 n cfi claim 168 ereln sail i rst
arm has a flrstgﬁnggli% EB%E?’ EP %ﬂ?ﬁ?ﬁ% %pségﬂﬂﬂ£ - distal tip

said third armhas a thlrd distal tip, and the distal tips of .

adj acent ppes oisyheal eyfithetde0HpelS, safdbyiis Rakg ed ed by
bet ween about 330 an ¥ ahout 390'm§§(nu;§ gtfénﬁ’gégTﬁg er
claim 167 wherein 1) an axis,

(2) a cross—section perpendicular to said axis,
said cross—section having a cross—sectional shape,

(3) said cross—sectional shape defines a first arm,

15 said first arm has a first arm length greater than 40
microns, said first arm has a first arm width at the
midpoint of the first arm, and a first ratio of the
first arm length to the first arm width is greater than
10,

20 (4) said cross—sectional shape defines a second
arm, said second arm has a second arm length gréater
than 40 microns, said second arm has a second arm width
at the midpoint of said second arm, and a second ratio
of the second arm length to the second arm width is

25 greater than 10,

(5) said cross—sectional shape defines a third arm,
said third arm has a length greater than 40 microns,
said third arm has a third arm width at the midpoiht of

- said third arm, and

30 (6) said first arm, said second arm, and said

third arm all radiate from a common point.

168. The synthetic fiber of claim 167 wherein
(7) said first arm and said@ second arm define a
35 first angle having a vertex at said common point,

/ .
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(7) said first armand said second armdefine a 20 first angle having a

vertex at said conmon point, (8) said second armand said third
arm define a second angl e having a vertex at said common point, and
(9) said tworsg/ozeom and said first armdefine a third anginesdradeorg a
vertex at said common point, and 25 (10) said first angle and said
second angle are | ess than 120[err], and said third angle is greater
t han 120[err]. 171. The synt ééq_fiber of claim 170 wherein
30 (11) said first angle and said second angle are

substantially 90[err], (12) said third angle is substantially
180[err], and (85 £434 8abEnhl bth bNd @A 137110 SHER def #hkOalr €
greater than about 25. 35 WO 98/ 07909

PCT/ US97/ 14607 Second angle having a vertex at spjd common point, apgd
synthetic fiber of clgo lédiahentra azahavid said firsk farstdefimesaid

second arm and pdathi di_gt ddp nd the.djst tips.
of said first ar§$%%8 Qh&geaégygggegoﬁgrgﬁﬁ?g&g%%g%%f&f@@g%ygé%gkgr%% er
than 200 55 nicrons{10) said figstThngdent Isaid secend ;angle; nand7said

wher ei n thiftd) anghd a£8S813°6hbRRANtSRANS, deid 91eSsa1 40P EBtakBtio
and said fourth armhas_a fourth arm|ength greater than 10 40 m. crons

and a fourth ar n?RfdBRLS: serend; TRSAM each greatexr than phpuk,go.,
(8) said first aamd aatHizaceatior Bf said tthird arm lemgthatd saiid thdivah

22?&1&2@;?230 Lwsblf) 3 Srpager, BRR pRRtD 2o @ TSt At A
' 169. The synthetic fiber of claim 168 wherein said first
arm has a first distal tip, said second arm has a second
distal tip, said third arm has a third distal tip, and
the distal tips of adjacent ones of the first, second,
15 and third arms are separatéd by between about 330 and
about 390 microns.

170. The fiber of claim 167 wherein
(7) said first arm and said second arm define a
20 first angle having a vertex at said common point,
(8) said second arm and said third arm define a
second angle having a vertex at said common point, and
(9) said third arm and said first arm define a
third angle having a vertex at said common point, and
25 (10) said first angle and said second angle are
less than 120°, and said third angle is greater than
120°.

171. The synthetic fiber of claim 170 wherein .
30 : (11) said'first angle and said second angle are
substantially 90°,
(12) said third angle is substantially 180°, and
(13) said first ratio and said second ratio are
greater than about 25.
35

R



174. The synthetic fiber of claim173 wherein said first arm has a
first distal tip, said second arm has a second distal tip, said third

arm has istal tip, said 20 fourth armhas a fo #*hg tip
said fi rg‘?{’gwﬂ%@ adj acent said second arm and sai dli% 97&4@(7_ Lip
S separated fromsaid second distal tip by at |east about 125
m crons. 25 175. The synthetic fiber of claim174 wherein said

second armis adjacent said third arm armdi®di o di st al tip of said
second armis separated fromsaid distal tip of said third arm by at

| east about 333_qgl.cr The, s thet cIa|n1 67
wherein said firdé* sy??:%e\ﬁlﬁ #7}3%3!5& a%m #Igl 53’

177. The synt heskddf iflignstoru,aisailt sedmndi arsai anfi saia third am Irm’sﬁ h
and said second,a g r 0

SO 981 07909 22@ sk 2T @ritfthded yeeM @:"?ps of %339/ ﬁg%;:ma&‘n&)%d

- 168 - said Sﬁqeneymw fsmr%Fee|laYn¢{¢7gmnm 3 rd
arm | engt hsi s gmderons.han 100 m crons. 179. The synthetic fiber of
claim 167 wherein said 5 synthetic fiber has a surface having an
adhesi on tension with water of between 20 and 60 dynes per
centineter. 173. 3@ symthebidt f ibers yof helaimf L6@r vhefredimi m 167

wher ei n (7) said cross—sectional shape defines a fourth arm
and said fourth arm has a fourth arm length greater than
10 40 microns and a fourth arm width at the midpoint of
said fourth arm, and
(8) saiad first-arm, said second arm, said third
arm, and said fourth arm all radiate away from said
common point and said first ratio and said second ratio
15 are each greater than about 20.

174. The synthetic fiber of claim 173 wherein said first
arm has a first distal tip, said second arm has a second
distal tip, said third arm has a third distal tip, said

20 fourth arm has a fourth distal tip, said first arm is
adjacent said second arm, and said first distal tip is
separated from said second distal tip by at least about
125 microns.

25 175. The synthetic fiber of claim 174 vherein said
second arm is adjacent said third arm, and said distal
tip of said second arm is separated from said distal tip
of said third arm by at least about 333 microns.

30 176. The synthetic fiber of claim 167 wherein said first
arm width is between 5 and 20 microns.

177. The'synthetic fiber of claim 167 wherein said first
arm length and said second arm length are each between
35 200 and 800 microns.
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said fibers have a lubricant coated thereon conprising 10 90 wei ght
percent water and 10 wei ght percent solids conponent, said solids
conmponent conprising 10 wei ght percent sol ution of

pol y[ pol yRigesh9sieal ycol (1400) terephthal ate], 44.1 VyRiwhserRgEeNt
polyet hyl ene gl ycol (400) nonol aurate, 44.1 wei ght percent -

pol yet hyl ene 15 gl ycol (600) nonol aurate, and 1.8 weight percent 4-
cetyl, 4-ethyl norpholiniumethosulfate. 181. A synthetic fiber
havi ng (1) an axis, 20 — 1®)~a cross-section

perpendi cular to said axis, said cross-section having a
cross-sectional p .- [(3) said cross- tional shape, defipes a
substantial |y sﬁt&%ﬁl%\‘nﬁﬁ‘ﬁé‘? éé%’ﬁrs pgrlﬁé'y'i %aw?xerein c%’rﬁ‘grthlrg
region, a first aaml lexygtn iscyndaterathansno02fmicrotisstal tip, and a
second end region including a second distal tip, a cross-section

|l ength fromthe first distal tip along the cross-section to the .
second distal ti¥79. The symthetieofibescofoflaim B67F whenein @aidection

at the 5 CoHREn@ti€atibePaREsCAOSEYERCE BAvind) an adhesich €éhdion
first distal tip 1€Esgg€rateg.érgn1salg -_second di st al tliﬁé¥éﬂreater
than 40 microns,ViHy water of betygen 2p.angd 60 gynes Rer &ant gth to
t he cross-section width is greater than 20. WO 98/ 07909

PCT/ US97/ 14607 : +3 - :
synthetic fiber Jé??’clgtl}?n R PE ﬁyrslgll'l&tfllcr gt;_bey%g c‘fdics]ta‘airm tjl'%ﬁi?";’sh%Pgln
separ at ed from s@®ids€ibeysdhavel at ipbpjcant cogtest dheneon LMPrising.

5 183. ile sysip hebignhti PercehtChiatBrl8hai®y Gieightl bercent EdBsasect i on
width is between 20 and 40 mc¢rons, , . . .
component, said sol;ds component comprising 10 weight
percent solution of poly{polyethyleneglycol (1400)
terephthalate], 44.1 weight percent polyethylene glycol
(400) monolaurate, 44.1 weight percent polyethylene
15 glycol (600) monolaurate, and 1.8 weight percent 4-—

cetyl, 4—ethyl morpholinium ethosulfate.

181. A synthetic fiber having

(1) an axis, - _

20 (2) a cross—section perpendicular to said éxis,
said cross—section having a créss—sectional shape,

(3) said cross—sectional shape defines a
substantially semi-circular shape, said shape having a
center region, a first end region including a first

25 distal tip, and a second end region including a second
distal tip, a cross—section length from the first distal
tip along the cross—section to the second distal tip,
and a cross-section width of said cross-section at the
center of said shape cross—section,

30 (4) said first distal tip is separated from said
second distal tip by greater than 40 microns, and

(5) a ratio of the cross-section length to the
cross—-section width is greater than 20.
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184. The synthetic fiber of claim 181 wherein said ratio IS between
30 and 60. 10 185. The synthetic fiber of claim181 wherein said

synt heti c d $ps an adhesion tension with water of bet ween 20 and
60.dynes per centimeter. 15 186. The bundl e of synt hetf¥FRAIO7of
claim 181 wherein said fibers have a lubricant coated thereon

conpri si ng 90 wei ght percent water and 10 wei ght percent solTds
conponent, said solids conponent conpri s+nye90-wei ght per cent

sol ution of poly[polyethyleneglycol (1400) 20 terephthal ate], 44.1 melght
per cent polyethxlene ycol 400) nonol aurate, 44.1 melght er cent
polyethylene 82.4T éoEYPGDBFlﬁD éb&ﬁr&ﬁecliiﬁ:EQJ\MQQﬁRImeﬁé tfirst

4-cetyl, 4-ethyaigeaphelipnisnmsepheatelatom said second distal tip by
greater than 400 microns.

5 183. The synthetic fiber of claim 181 wherein said
cross—section width is between 20 and 40 microns.

184. The synthetic fiber of claim 181 wherein said ratio
is between 30 and 60.

10
185. The synthetic fiber of claim 181 wherein said
synthetic fiber has an adhesion tension with water of
between 20 and 60 dynes per centimeter.

15 186. The bundle of synthetic fibers of claim 181 wherein
said fibers have a lubricant coated thereon comprising
90 weight percent water and 10 weight percent solids
component, said solids component comprising 10 weight
percent solution of poly[polyethyleneglycol (1400)

20 terephthalate], 44.1 weight percent polyethylene glycol
(400) monolauraté, 44.1 weight percent polyethylene
glycol (600) monolaurate, and 1.8 weight percent
4—cetyl, 4—ethyl.morpholinium ethosulfate. -
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