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This invention rellates to conponents of absorbent products and - 5

absorbent products. More specifically, this invention relates to fibers and
structures of the fibers that acquire, dist r_i1b_ute and store fluids for use
in absor bent products. BACKGROUND OF THE
I NVENTION 10 Cellul ose fluff pulp is a commobn conmponent in the
core of disposable absor bent products, such as di ﬁ)ers cat aneni al s,

and incontinent pads. SYNTHEFIGPQLYESEER ABSORBENT MATERIALS

i nexpensi ve. Superabsorbent polynmer (SAP) in fiber or powder formis
anot her conponent that is often found in the core of disposable '

absorbent products. Core material s BRIEKD OEITHE INVENTION f | uff pul p,
chemcally nodified fluyff ,pulrﬁ, or SAP are not easiJy desorbed
because t he t her nodynahiig inyertiorrelates to gempanents; of ripent praduets and

materials is extr ' n kUL ; | LY

materi al s geng)r(al y ({gﬁﬁfoﬁl&ggbﬁ gﬂg%éoé‘?ée%ﬂﬁl?bﬁéiﬁ?reﬂgagga ?éoﬁo{\?aétr Q%@g’i on
maki ng fluid di ststricturesofché fibers that @equice,ddistribute &ng stqrediuids forlusefines
when 20 saturated with liqujd. This collapse has |ong been a problemin
t he absor%%?ﬂrwﬁF‘gHGgﬂQ{sart limting their utility.

U S. Pat. Nos. 4,898,642 to Mbore et al.; 4,888,093 to Dean et al.;

and 4,889,596 to Schoggen et al. and PCT/US/ 8901581 fil ed ril 12, 1989
to Mnton describe various chenﬁ&ﬂﬂﬁ@ﬂ@iﬁﬂﬁiﬂﬁﬂlﬂ@@i rected to 25
o3 219, 7360 o br eencoUoPEILEHAYR & Bplnribt Bomponent n the core b dRposBhle,
fibers and a procabssorbent products, shols asfdigpars, cdtamenials, and incontinent pads.
Cellulose fluff pulp is relatively inexpensive. Superabsorbent polymer
(SAP) in fiber or powder form is another component that is often found in
the core of disposable absorbent products. Core materials like celluiose
15 fluff pulp, chemically modified fluff pulp, or SAP are not easily desorbed
because the thermodynamic attraction of aqueous liquids for these
materials is extremely high. Hence, liquid in a region containing these
materials generally cannot be transported through or away from that region
making fluid distributibn difficult. Cellulose fluff pulp also collapses when
20 saturated with liquid. This collapse has long been a problem in the
absorbent products art limiting their utility. _
U.S. Pat. Nos. 4,898,642 to Moore et al.; 4,888,093 to Dean et al.;
- and 4,889,596 to Schoggen et al. and PCT/US/8901581 filed April 12, 1989
to Minton describe various chemically modified fluff pulps directed to
25 remedy the deficiencies of untreated fluff pulp. -
U. S. Pat. No. 3,219,739 to Breen discloses poly(ethylene
terephthaléte) (PET) fibers and a process for making those fibers.. The
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fibers disclosed in the '739 patent are characterized by ha a
relatively P8§¥0BMhtial frequency, and relatively short- rangéﬁgFﬁhgﬁgl
(ruffle) or spiral geonetries in the arns. The relatively short
range i s on the order of ten mcrons. The fibers disclosed in the

' 739 patent will not 5 spontaneously tradsport water. That is, a liquid
in contact with the cross- section of .-a single one of the fibers

di sclosed in the '739 patent will not continuously spread fromthe

pl ace of cont actiiberediscidsed intigs 739 patbnat énem'faractenzed by having &rfis, #°at . No
5,611,981 to Phil ‘ [ ﬁs et. al . discl oses spont neo % ' wettable fibers
havi ng a combi ndela, elythigh spatial frequency, %‘é lé(? ort-ygnge siuions (ryftle)

satisfy conditi | ned
therein as X = 3{?%# ’%{ gé&?ﬁ@” ‘{ﬁa‘éﬁ?ﬁsmﬁg}e éﬁt r’{ ﬁ%r?l‘%dg% Isc{e%"ep%‘ra%lr-reter
of the f |dfden|nmcrans1 S| hmeradiismosﬁd mhheé739:patant wiledoki rcl e

ci rcunscri bi t he. . m nor axis

b _
di mensi on ac rp’os SSWW%E'V igaﬁsrpsc’ rtv Oﬁe;sroglg'lai is(c) tnq 'W'g‘fh%o'?téﬁtcmﬂﬂ e Grosshe
'981 patent are ééﬁuahxbfla@ﬁglwr@tmhe %Bers a@&@sadbutﬁ@f?@swenmw Aotf Ul Iy

set forth herein. onpson et al.

di scl oses capi | |eanjinsRusiysipread from tbe| e}m pﬁcwntagtv elongﬁme Iermtbpétm]ﬁber
transport liquid. The,id *b‘ﬁtSNqu‘f'& 11881 to Phnlhpsl_ﬁpé’lpgls%fd%%?; s@%ﬁiésr%[ pes
In pOI’t I ONsS. e

whi ch include relatively |IOn SS-SecC
shapes are the anehatﬂédibgrs hanhglag:dmhhatlbleof Xbheiues and 'stféice Eantaqbatent

miorials (D AIPuE sl RrORRe el SPOWERAOUR IS, e Adactorss
dynes/cm The t Qi’éfme'aﬂﬁe A 28908 P Ndr % ((Tflg)lgfivrgf% g? @tﬁé\ﬁéﬁ@d ggﬂﬁld@ft &t

are hereby incorporated by reference as
U S. Pat. 5,268 gﬂamenpms thqmdms @ﬂthed:nrsumss(fmed icirclescitemsogibingithe 25

round cross- sect sp shaped

sections with st '%‘25 aﬁﬁeé f'lor &I"%%‘sé rgﬁggﬁg?@er‘s

wet t abl e érbbﬁ‘-fsécﬁm Wﬁé@eiﬂﬂﬁ@s aﬁhbl '98 pbfb’ﬁta@éhefétﬁf crafp the
| engt h of the -pending U. S appllcatlon

titled "Bundifes hgren B:ér%few@ems if flly sﬁfonh\/Bﬂ% Liquids at H gh Fluxes
and Acqui si tion/ Di stribgt pgf 55¢0/8ks t& Thbiifson et al. discloses capillary channel

polymeric fibers, which store and transport liquid. The fibers have non-
round cross-section shapes which include relatively long thin portions. The
cross-section shapes are the same along the length of the fiber. The '248
20 patent discloses that these capillary channel fibers may be coated with
materialé that provide an adhesion tension'With water of at least 25
dynes/cm. The teachings and especially the definitions in the '248 patent
are hereby incofpdrated by reference as if fully set forth herein. -
U. S. Pat. 5,268,229 to Phillips et al. discloses fibers having non- |
25 round cross-sectional shapes, specifically “U” and “E” shaped cross- -
sections with stabilizing Iegs These fibers are also spontaneously wettable
fibers and have cross-sections that are the same along the length of the
fiber. | :
Co-pending U.S. application titled “Bundles of Fibers Useful for
30 Moving Liquids at High Fluxes and Acquisition/Distribution Structures that
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Use the Bungbasiyratel ed August 15, 1997, discloses bundl es of PETHEYEI4BE use
as distribution materials. The individual fibers thenselves are poor

di stribution materials having no intra-fiber capillary channels. Wen

conbi ned with each other in bundles, the bua@ es becone excell ent 5
distribution materials by utilizing inter-fiber capillary channels. The
teachings of and especially the definitions are hereby incorporated herein
by reference as if fylly set forth herein. . '

SUMRRY OF THE | \WasdfiedRundies’ filed AUQ%'?HBgﬂ?97d?‘§?'8F?%EP“B|ﬁ5® fibers frryse
polymeric fiber agifistribiution materials!i Fié inkiiVigisaldibiers itimSellbyafd popen mde
into an absorbent structure having a |large nunber of t | bers in
cl ose proximty tdistibotianmaterialsthaying neintra-fiber capiliaryechannelsytWhen bet ween

the length of e FNBEPA it $4GF BRI paieh. e buncies beki® olisiefl's 20"

10. 0, a short & angistributibA matefialsas Gﬁlizﬂ‘ifiﬂérﬂﬁbéﬁiapﬂlarﬁ&ﬂaﬁnélgﬂg' he
range di stortion factor between 0.05 and 0.9. In several preferred

embodi ment s t he ftepehinggHf andaspecialiiidhe ﬂ@@@iiige%ar%heahydgcom@ra@dgwéimat
i's . char acsf;%fé%cgwmlﬁ%&f&jﬁhg;%iﬁd "H' shape, a distorted "Y"
a Istorted "+ S 'S

shape, ape, a orted "U' shape, or ‘a distorted
shape of a fiber 20 * having a cross-section as shown in Figure 17. The
fibers are primarily for éﬁﬁl Qb I II {JI such as di apers,
cataneni al s, and incontinent ' ers preferably

have an adhesjoon tensi mmigpygﬁd}abhedabuukytsgﬁm’efua%mﬁeﬁé ABbeaCAIA, 25

dynes/cmwith distilled for adequa ) novenent of aqueous
fluids. The fi berdistributesand gtases Juidsewhen made intean abspehent strubtme havingrer

o abbon o SPGB R Moeethonnpr K B0 3oy, e foor

function to nanadsave gilegthof betweeraRidnd sssini37 milliraetérs| Grosssettiows fHati ds.
When the novel fibers are coated with a suger bsor bent &%ymer or 30
conbi ned with ot hryiRsbapaplong the 1ggath ofithe finep a singla tken Bulkfagter betweery 1

18 0.5 and 10.0, a short range distortion factor greater than 5, and a long
range distortion factor between 0.05 and 0.9. In several preferred
embodiments the fiber has at least one cross-section along its length that is
characterized as having a distorted “H* shape, a distorted "Y” shape, a
distorted "+" shape, a distorted “U” shape, or a distorted shape of a fiber

20 having a cross-section as shown in Figure 17. The fibers are primarily for
use in absorbent products such as diapers, catamenials, and incontinent
devices, thus the fibers preferably have an adhesion tension on their
surface of greater than 25 dynes/cm with distilled water for adequate
movement of aqueous fluids. The fiber surface may be coated with a

25 superabsorbent polymer or a-blend of superabsorbent polymer and
surfactant. '

The absorbent structure comprising the novel fibers of the invention
function to manage fluids by temporarily acquiring and distributing fluids.
When the novel fibers are coated with a superabsorbent polymer or

30 combined with other materials such as fiuff pulp, chemically medified fluff
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pul p, supe nt polyner or conbinations thereof, the a

structure &@ggﬁggﬁ%unctlons to permanently store f|UIdS Thggg a ?%?g%nt
structures have inproved water absorbency, decreased wet coll apse and
reduce water rel ease over many conventi onal ,absorbent structures. The 5
absorbent structures in conbination with top sheets, distribution |ayers,
shielding | ayers, storage cores, and back sheets make excell ent absorbent
products w th reduced | eakage, inproved absorbency and conplete
utilization of tmdp.ssupexgbsmrbeat polymer or combinatiansdtberasf, therabsakbent t he

api i ng. - opt | oYL Eplea bRt pelforEnpy FiR B “ThESe Spshrbent
spi nni ng, opti onsthicturésavdvedmppdved Wit abdorbendy, detreatbd WetioNapss %ﬁd
may be done continuously and at high speeds. BRI EF

DESCRI PTI ON OF Tedupgaaterxsieass over manrpgnvq?tlosiaéabwbﬁﬁt steugturas. aThei ew
f H sh f d

|On . E)r:arrpls ag?,d 4Bddrbbft Qﬁudl':_res in Eom%ﬂ'\élf&h »tﬁi’gtég:ygﬁ s blﬁfﬁ %ﬁpé&%}?&? use
magni fi cati on ofshididing Iayers Sﬂo”taga);o:és andmdxpsheens brakecemehente!tisovbem‘

Ex le 1. hot t f
phat bgr aphs at Trogucis it etiusedPaadt mBrolme SPackBeacitand PRmPIAS: ne novel

fibers of the pr@fBtioh sy MY stefage core. Of Exanple 1. Fig. 4A
|s a photocopy of a coI or phot ogra h at 7X of ‘the novel fibers of
Exanpl e 1. Procgaisgs faBmaking theaayebfigersiofihe inventiph incigdetive at

40X of the nl(bvel

onemt 1 051 Y stef RegligRELS of 1) SERIING, obsippplly dravwing, cuttind. and shiking or

identified as 1- m%ﬁmmﬁgl optsoﬁaWiaﬂn@ stiihkinig, and cutting. These pracesgess a
phot ocopy of portions &nseven gi[yoégq@phs t 285X each of which
f

shows a cross- se®aybe ¢gng gant gkhigh speed ﬁresent 30 invention of
Exanpl e 2.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a schematic in plan view of an H-shaped aperture of a
spinnerette identified as I-1083 used in Example 1.
Fig. 2 is a photocopy of a photograph at a magnification of 115
(116X) of an as-spun fiber cross-section of Example 1.
Fig. 3 is a photocopy of portions of seven photographs at 111X, each
20 of which shows a cross-section of the novel fibers of the present invention
| of Example 1. |
Fig. 4A'is a photoéopy of a color photograph at 7X of the novel
fibers of Example 1. '
Fig. 4B is a photocopy of a color photograph at 40X of the novel
25 fibers of Example 1. |
' " Fig. 5 is schematic in plan view of an H-shaped aperture of a
spinnerette identified as 1-1042 used in Examples 2 and 19.
~ Fig.6isa photocopy of portions of seven photographs at 285X,
each of which shows a cross-section of the novel fibers of the present
30 invention of Example 2.
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Fig. 7A i s waysmpsiwoopy of a col or photograph at 80X of the nB¢EUS7/14861
fibers of Exanple 2. Fig. 7B is a photocopy of a color

phot ograph at 36X of the novel fi bers of Exanple 2. 5 Fig.
7C is a photocopy of a col or photograph at 7% .of the novel fibers of
Exanpl e 2. Fig. 8 is a photocopy of portions of six

phot ographs at 285X, each of whi ch shows a cross-section of the

novel fibers of the prg Fi g.
9A I s a photocopy of a p%‘r'gp ot otsgg%g&;? qyr&:ﬁﬁg@hg\aﬁpox&ﬂm rfqv&!:rs of
Exanpl e 3. fibers ofExaElp@te 29B is a phot ocopy of a col or photograph at

40X of the novel ers 10is a
phot ocopy of a col or pﬁ& ’§rﬂ1p|39t°?9p¥)9?ﬁ&ﬂqr m%%g@that%&:‘”gﬁ‘ﬁé‘%sent
I nvention of Exa Fig. 11 is a schematic in plan view
of a U shaped apre“rﬂtéa?g”g?(amp‘ez spinnerette identified as 1-1127 used
in Exanpl es 13 and 13. Fig. 7C is a photocopyiofja cofori photogitaphat 71X obtheanovel

phot ogr aph at 464 of a as % n fiber cross-section of Exanple 12.
20 Fig. 1 Sﬁ@FEﬁ gy of portions of four photographs at 285X, .
each of Whl ch th)msaa Egﬁ@tééoﬁyeéf bértioPk of I8k W@brépfﬁ@é@syx téa%h of
present invention

phot ocopy of a chV lChrﬁthﬁ §rn$5aaecmn@ftb¢.aonelvféter$ iostt)%present mveot-on of
Exanpl e 12. Exam le §| g. 15 is a photocopy of a photograph at 7X of the
novel fibers of P€ S he present invention of Exanple 13.

Fig. 16 is a 1®cherrat I C Fign aﬁlmra photacobyoﬂammﬁphcrtogrfaph atMootthei ievel

identified as 1-1 t&_:éd npl e 14, the shape of the aperture
herei nafter call 9’2 xample V\D 98/ 07910
PCT/ US97/ 14861 Fig. 9B is a photocopy of a color photograph at 40X of the novel

fibers of Example 3.
Fig. 10 is a photocopy of a color photograph at 7X of novel fibers of
15 the present invention of Example 4.
Fig. 11 is a schematic in plan view of a U-shaped aperture of a
spinnerette identified as 1-1127 used in Examples 12 and 13.
Fig. 12 is a photocopy of a photograph at 464X of an as spun fiber
cross-section of Example 12.
20 Fig. 13 is a photocopy of portions of four photographs at 285X, each
of which shows a cross-section of the novel fibers of the present invention
of Example 12.
Fig 14 is a photocopy of a color photograph.at 7X of the novel fibers
of Example 12.
25 Fig. 15is a photocopy of a photograph at 7X of the novel fibers of.
the present invention of Example 13.
Fig. 16 is a schematic in plan view of an aperture of a spmnerette
identified as |-1004 used in Example 14, the shape of the aperture
hereinafter called "4DG".



-6 - ' Fi g 17 i.s a photocopy of a photograph at 464X of an

as-spun fi ber cross-section of Exanple 14. Fig. 18 is
a phot ocopy _of | or photograph at 7X of the novel fibers PCTms97/PJs6i he
pr esent mv&ﬂ?@ﬁs’g’f Exanpl e 14. 5 Fig. 1 9A is a photocopy o
portions of three photographs at 285X each of which shows a
cross-section of the novel fibers of the pres% I nventi on of

Exanpl e 15. Fig. 19B is a photocopy of portions of two

phot ographs at 285X each of which shows a cross-section of the
novel fibers of Exanple 15. 10 Fig. 20 is a photocopy of a color
phot ograph at 7X of thEigidhels & phetosopy of a photagraph gb4E4Xmf an as-spun fiber

Fig. 21Ais a sch Y-shaped aperture of a

spinnerette i dentﬁ?@%?%gﬁg'i%k%ﬁﬁ%ﬁ n Exanpl e 20. Fig. 21
B is a schematic plan ‘Fl%vﬁs)fs #phetocopy ofb&:o&)rlphmgmbhalm&ﬁhe ridvel fibers
showngaplurallt{ of the Y-shaped apertures, 22 is a

phot ocopy of a ph® tb‘ererpﬁea&mmtwwf melesthin fi ber cross section
f Ex | e 20. ' f
0 anpl € 2U.g Fig, 19A igh Bho@o&iidgﬁahﬁiﬁ%ﬁﬁrég H&Bg%r‘é{ d

phot ographs at™ 11 5X Shows 'a cross-s€ec

novel fibers of tbacl'poéwhmh showesna icooss-sédtionf ofthemolvel filiers of the present
Fig. 24 is a phot ocoml %#col ?r ghot ograph at 7X of novel fibers of
Exanpl e 20. Inventon of PEP'SE9 s a schematic in plan view of an

aperture of a spinneretfjg 19Bis a hbﬁﬁ‘:@b fof peritnslofiwbPhote§iaphs dtommxX e 21.
25 Fig. 26 is a pﬁot ocopy of porh ons of six p&g’: og?%phs at 11 5X,

each of waael of whigh shaws s sresscsedlipnef thasovel tibersiaf EExampletlife

BLgts ggz)piymcl)fe niP col or prfd?o%é 'SE%BHP o?gagfo fPhceo'%r fiqtograph & Pﬁé‘@sﬁ%fé?fbers
Exanpl e 21. ofExaply’ 950

PCT/ US97/ 14861 -7-
Fig. 21A is a schematic in plan view a Y-shaped aperture of a
spinnerette identified as I-1195 used in Example 20.
Fig. 21B is a schematic plan view of a face of the spinnerette 1-1195
15 showing a plurality of the Y-shaped apertures.
Fig. 22 is a photocopy of a photograph at 115X of an as-spun fiber
cross-section of Example 20. _
Fig. 23 is a photocopy of portions of four photographs at 115X, each
of which shows a cross-section of the novel fibers of the present invention
20  of Example 20. |
Fig. 24 is a photocopy of a color photograph at 7X of novel fibers of
Example 20.
Fig. 25is a schematic in plan view of an aperture of a spinnerette
identified as i-1198 used in Example 21. | |
25 Fig. 26 is a photocopy of portibns of six photographs at 1 15X, each
: of which shows a cross-section of the novel fibers of the present invention
of Example 21. " .
. Fig. 27A is a photocopy of a color photograph at 7X of the novel
fibers of Example 21. |



Fi g. 27B is a phot ocopy of a col or photograph at 40X of the novel

fibers of Exanple 21. _ Fig. 28A is a schematic of a
cross-secti woode7a1ef i ber for use in il lustrating the REHVSHTASESH of
the single fiber bulk factor. 5 Fig. 28Bis a schematic of a
cross-section of a fiber for use in illustrating the definition of
the single fiber bulk factor. -Fi.g. 29 is a schematic
cross-section of a fiber useful in defining the short-range

di stortion factor (SRDF). - Fig. 30 is a schematic top plan
vi ew of an absorbent argii.c : | | ' i
sectional view of a pr eﬁt‘:‘br #Z% ‘%ﬁ%bg’&t%orﬁy %fré &Ioﬁﬁhb&gﬂa@@é&?@%ﬂ? tggﬂogﬁh
utilizing the absibemndf Example2ts of the present i nventi on.

Fig. 32 is a partial side sectional view of another preferyed .

enbodi ment of an absor Fd@t280 iS %F&W?"F??ﬁd’r?%sﬁgé‘g'fﬁéﬂﬁbgff‘lﬁd{sl?r'gs of

t he 15 prese ' ' it ; ' ks @ partial side
sectional view of 'igﬁtﬁﬁﬁgt&?P]gl;img?re\fogrﬂ?eegmgle ﬁgérgbuelﬁt?% ??'nent of an :
absorbent arti®le util iFig 28B fsca sbhemiticof atoross-sectorvéf a fiber for use inpr esent

e o i ng dptratingght lnin o s SRR bk gagaecL o0 o 2 i ber

-35 is a schenmntic

cross-section of a fi beig}.“E@i% & Bcléhhti¢ Bebss-gdtdion of a fiber Useil in defining the
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 Novel absorbent

structures are nadhoprrangsdistartionfagtor{SREAF) i bers in proximty to
each other. The novel fd.hess. a . ' dis t ' .

varying cross-section ﬁ{gpéé'sa%gﬁ@%ﬁgw&} g%ﬁ“&ﬁ%@ %*é.x}‘%'%sorbent
structures pragi de fl uifigh®hioe partial Bidersadtiopal Yiencsf @Fféferréd embbddiment of
tenporarily acquire and distribute fluids aqr Permanent store fluids. The

30 fluid manageméht absrpent articlegdiliemns he QOQ‘FQ berystyictyres of the pessentiti | i zed

i n VO 98/ 07 -
bCT/ US7/ 14861 | 1hvention. g -

Fig. 32 is a partial side sectional view of another preferred
embodiment of an absorbent article utilizing the absorbent structures of the
15 present inventidn._ o
Fig. 33 is a partial side se'ctional view of still another preferred
embodiment of an absorbent article utilizing the absorbent structures of the
present invention.
Fig. 34isa schematic cross-section of a fiber used in defining SCV
20 and SCSA. |
. Fig. 35 is a schematic cross-section of a fiber used in defining S and
CCw.

DETAILED DESCRIPTION OF THE INVENTION
25 Novel absorbent structures are _madé of a plurality of novel fibers in
proximity to each other. The novel fibers are short, highly distorted having
varying cross-section shapés along their lengths, and bulky. The absorbent
structures provide fluid management properties functioning to either
temporarily acquire and distribute fluids or permanently store fluids. The
30 fluid management properties depend on the type of novel fibers utilized in



t he absorbent structures. The absorbent structures are used in absorbent -

products, such as diapers, catanenials, or incontinent devices. }

The novel fi berl\m@re short neaning that each fiber has a | epgifisdfagér
n- about 2 and about 37 mllineters, preferably between

its axis ofV

5 about 2 and 19 mllineters. The novel fibers are bul ky
meani ng that each fiber has a single fiber bul k factor (SFBF) of
between 0.5 and 10.0, preferably between 17 8 -and 7.5. The exanpl es
represent SFBF of between 0.5 and 4.0. SFBF is a measure of the

ratio of void areas fornmed by the cross-section of the fiber to 10. the
pol ymer area of thecabsoosentstructuses.oThetabsbrivant striictures ade asedin absorbent

illustrated in the fi rossz sections of . Fi 28A:- B Ion wi th exenpl ary
cal cul ati ons as RfPGY éséﬁ @?5‘\'/?"% rféga?‘ﬁe'%\%%'“?‘?fﬁmeé‘ ge§°ar ying cross-
sections along their Wﬁb@elﬁb@?sﬁ@ghéﬁ nfé”arﬁ'\@fﬁﬁ!%a@ﬁ f@@rﬁé@%ﬂeﬁ@ﬁ él@:ﬂ

measur enent s. 15 ki ness may al so_be expressed as a function of
the as spun fi béts axis of betweamaetwra ane about 32 millimeters preferably betweerr s

prior to the gSte - or drawi ng. The as spun fibers have
non-r ound cross %Da{tl %ﬁéﬂga@@n‘é‘e&ars. i ncl ude those fibers disclosed
in U Sd Pat . 7 glos 5I 20he &éﬂelf@e?ﬁ&régﬁlkymbanmg thabt ééch&bierm aisﬂhglen? iber
co-pendi n i cati I t).ed "Bu es 0 | e or
I\/bwpng Li gw ds &y p‘ﬁlfﬁq fz(%{é‘) %tjrhﬁqwg r]:g'}f’laf‘gn SR %P‘y een 1.5 and
Structures that pge T%e%iﬂél’g%iggfésbﬁe x: Spube\fveeﬁwganh GO@FEF Wat he

t eachi ngs of the ‘above r I bers may be characterized
by the foll ow ngmeasum afsthefratmof woig: areas formediby theecriossaectian of thefiber to

Cuch that 11D {1 e RoyARE s STResulte sER Pa e, hnyoiy oead a5,

least 2.0 cc/g aiﬂdst?at%ﬂﬁﬁ'tﬁe ﬁb&a@bh#-eem&w &mgsﬁzsn-s)émb Wi ekempiity

cnferr]/g, or (b) Sl ender ness Rati o of | east 9 and at | east 30 percent
of i n€& eulatlges ag digryssed helaw.a m@ heaoyebﬁkﬁrﬁaav\m @NiNgrerpsss
t han 300 ) -
PCT/ US7/ 14861 sectidHsHI8AS their lengthWtPlg 8FBE4%n average of 50 cros§ sectlon
measurements.
16 _-_Bulkmess may also be expressed as a function of the as spun fiber.

“As spun” means the state of the novel fibers prior to the step of shrinking
or drawing. The as spun fibers have non-round cross-section shapes and
include those fibers disclosed in U.S. Pat. Nos. 5,200,248; 5,268,229 and
5, 611,981 and in co-pending U.S. application titled “Bundles of Fibers
20 Useful for Moving Liquids at High Fluxes and Acquisition/Distribution
Structures that Use the Bundles” filed August 15, 1997. In combining the
~ teachings 6f the above references, the es spun fibers may be characterized
by the following two classifications:
1. The fibers are those classffied as having “good capnllary channelson
25  their surface such that the fibers have (a) a Specific Capillary Volume of
at least 2.0 cc/g and a Specific Capillary Surface Area of at least 2000
cm?g, or (b) a Slenderness Ratio of at least 9 and at least 30 percent of
intra-fiber channels with a capiltary channel width of less than 300
microns. | | |



2. The‘fi be_'rs are those classifi'ed as having "poor" or no capillary |

channel s on their surface such that the fibers have (&) a
Speci fi c Csyo ¢dare18 Vol une of less than 2.0 cc/g SCTASSHME6Li c
Capillary Surface Area of |less than 2000 cnferr]/g, and (b) a
Sl enderness Ratio of less than 9 or nore than 5 70% of intra-fiber
channels with a capillary channel w dth of ggeater than : 300

m crons. Preferably, these as spun fibers have a SFBF of greater

t han 4. 0. Detaits of neasuring the paraneters set forth above for

the as spun fibeps JThe fibers dﬁl‘ﬁ%@sé Elé%% bﬂ ﬁ’é‘(nngﬁgorg or gag_cayﬂﬁar{) Wehnels.

fibers are highly avi ng a vari secti on
shapes caused by a om theiusurface sudH that tﬁaaﬁbm'sd'lawa‘(aalrﬁpeﬂlf ¢ CDapﬂDabjBVolume

|1 f ch | f b | f th
Pl pon 1 of CnanTe o Pt tnin2.0 5o bF acpeqs Caplisny Strace feee; 'a%?@%ame
or walls of the  20g0 cﬁﬂgsanagss meﬁaemaesfﬂdwar @tr{araf gﬁdréttﬂé§1 a

The distorted shape in context 1s create rom-t ape o
as spun fiber5that 7% mfnmfaglbeechannels withha capiligryoéharinel midtheof gpeaterdhan

Channel s 7ef er's {0 SAETHGHATRe PIRAPAYcHiFBeds spm eisTiae a SPEF St Gredior,
one or nore channelg,an40 Di stortions of the novel fiber of the

present invention are characterized by a short range distortion
factor (SRDF) foDetais afmsasﬂnm\the parameters st fosth abavefar the as spua fibers

channel s and a I rtion factor (LRDF) for the | ength,
. € backbone, %d‘f%ﬂ%@e&lbﬁ@ SRDF is greater than 5.0,

pr eferably bdat)ween 5 arhe fidvel fibersranechighlyfdistoblied teatingeahighlly sariablée cross-

LRDF i s between 0.05 an referably between_ are an
Enampl o5 her o n Sobtiol Shapanerlid i & siteUs OLANGH Eaacisks? apins of thé fiber
bet ween 0.10 and d?v@isofchannels of the ﬂbeirFéiaﬁ% he %Bﬁérﬁipgﬁgﬁg%

of the coefficient variation of ratio of the a
Cerr] to the ardeprowhictethe amms eettte wallpprojeet. That is, the avas orowalls of the

Merr] for i1ty dBauEaB b NoePl drehigriFlisrtih. The istheERZSdth this
cross-secti ons ofconkextlis brgated ﬁbuﬂhe shape of an as spun fiber that has undergone SRDF
= 100 x (ofX) the step of shrinking. Durlng shrinking, the cross-section shape of the as
spun fiber distorts. Channels refers to the ruffled walls coupled with a base
defining one or more channels. '
Distortions of the novel fiber of the present invention are
20 characterized by a short range distortion factor (SRDF) for the arms of the
fiber or the walls of the channels and a iong-range distortion factor (LRDF)
for the length, i.e backbone, of the fiber. The SRDF is greater than 5.0, |
preferably between 5 and 70, and more preferably between 18 and 36. The
LRDF is between 0.05 and 0.9, preferably bet\véen are 0.1 and 0.6. |
25 Examples herein represent SRDF of beMaen 11 and 66 and LRDF of
between 0.10 and 0.49. a o | |
The SRDF is defined as the percent of the coefficient variation of the
ratio of the area of channels Carea to the area of the cross-section of the

fiber material Marea for fiﬁy measurements on randomly $e|ected



wherei.n X equals the average ((Jerr] /Merr]) for neasurenents on fif'ty
cross- sections and a equals the standard deviation of the 50 val ues

for . G Shad M1 D) ~ Fig. 29 illustrapegnmelides]

Cross- sect s useful in explaining how t he channel "area of a -
fiber is calculated. For any cross-section, the channel area (Jerr]
Is determ ned by first enclosing the cross-section in a pol ygon
whose segnents are tangent to two points ont@he cross-section 10 ~and
intersect at angles interior to the polygon of |ess than 180 degrees.

The polygon is denonstrated in Fig. 29 as the dotted |ine segnents. Each
channel area is ctefs-sedtidns tfithefibetsicthusf the cross-section of the fiber
and the line segnents tangent to the two 0| nts on the

cross-section. In Fig. 29 t heSRDQfe= % and surfaces of the

area Al i1 artyerein X SR mitaod{Cum M fo Mitad ptBhls RS HREE,

291, 294 del i ni tsddtiens amanebqasle ahé\dtantidrd deviation Of & 80 valgsesforr e i ncl uded
in the value for, (err] for cross-section of a fiber. Thus, the

val ue of C[eﬁr] (lcsreefMuba 10 the sumof the area of channels Al + A2

+ A3 + A4. The fi ber Mb%” ction
of 20 the fiber, % mEYSt? he grc]é%ész é#ﬁ&%‘ﬁn@%ﬁ&%%&gﬂﬁ e base
295. Forham e charwsel area oba fibehés caltulated. Eoeany crossvgectidn, itise
determ ned. The age and t.he ard devi on of the ratio of

the Cler] io N cannebared Euats datemingd Bytst ficioging g Srassesactin it ence
the average and pd\ogsnh wwéaé%egments aré'@ifigeh wwffs&n%mﬁ@agws%au he SRDF

is calculated. 25 Is a function of L[err] err] .
t he aver age 10engand intensgct atangles interigrdoitbe pelygonsyfiless than: 1RO degraest i ber

fiber Lierr) anis pabopnds Senirfipibe ipFig, 20 S5 iR RpRSoLRTRrlE) Each

fibers are pl aceghanhehareaisassfiord s thacsurfates of the cross;geuzamommraahaﬁ@ a
known magnlflcatlon such as a magnification of 7, 1s taken.

The | engths L[ erthe linesegrasnts tar\)gﬁrptéo e twe paints Bmtbﬂé" 055'33%"‘99!"(5:/19129
PCT/ US97/ 14861 the line segmerWKﬁ ARk W%@F'&ftﬁ’e{}ﬁv& 2 @9@%%94% fise Bhsd e

backbone and di ane respective ese | engt
appr oxi mat ed&usi 2%5 af thel fiber delimit themhamahaneaeky Santtzmlmtl!nehne rsegrnayt:ﬂm

EER?)IS:%” ement syst 1% *aces ofst?\g two arms éé)‘l,dféféerpml?thl‘e[&\ rlriel a[' ﬁb /ﬁPd
channel areas are included in the value for Carea for cross-section of a fiber.
Thus, the value of Carea iS eqt.ial to the sum of the area of channels A1 + A2
+ A3 + A4. The fiber material area Marea i the area of the cross-section of |

20 the fiber, which includes the area of the arms 291-294 and the base 295.
For each cross section, the ratio of Carea t0 Mam is determined. The
average and the standard deviation of the ratio of the Carea t0 Marea is
determined for fifty cross sections. Once the average and the standard
deviation have been measured, the SRDF is calculated. "

25 LRDF is a function _of Ly and Lo. Lo is the average length along the
backboneé or spine of the novel fiber." L is the diameter of the circle
circumscribing the novel fiber. Lo and L are measured using

- photomicrographs. The fibers are placed on a microscope slide and a
'photomicrograph at a known magnification, such as a magniﬂcatioh of
30 about7, is taken. The lengths Ly and Lo, while measured from the



5 I n one enbodi ment as utilized by the exanples bel ow, the conputer
based i magi ng and neasurenent systemto determ ne LRDF includes an

opti cal sysW@rﬂW?ﬂloobt ai ning i mages of the fiber, which is prsgmwwsw th
al gorithns for neasuring |engths of the fiber, and a printer for nmaking
copies of the fiber inmages. The optical systemincludes an illum nated 10
base, a video canera equi pped with a macro Jepns, and a conventi onal

personal conputer that includes an i mage grabber board. The wi dth of the
field of view for each image is preferably at least 15 millinmeters at the

b P ¢ he HreRtaRsodibliarlne #tudl bbithscttik Ballnont alifiameletihe |
i mage i s done - 155pst§tiv&£y aTheseclengths iay fbecapprokinvatew usirh arulrgori t hm
t hat sets the sciée in the i.mage flel based upon the distance

bet ween points i tﬁmam\eaiy..mcememerémagm and measufgmagnt system may be used

Various algorith s t asuring systemto determ ne .
L[err] and L[err]%#lflé}n@ﬁ?% haa?'Fo% “Ll[err] may be acconplished by 20

tracing the i Bsert i ont qu;m eaibmdgneh’fas atiliged hytftdm(aATpt)lgs bﬂiqwmihefd:ctrﬁputerd
usi n an ou use evl ce er ely, 1€ endads
o R M age of based imagify and GieasskoBent Bestem B aetaiming LROE jadugsesen

device and the c
determ ne t he Iength O?yéiﬁﬁ‘nf?rgbtammé%baéé'b?'ﬂiéaﬁaéro ﬂe ﬁib P%catlon of

the two end poi ntalgenithnis foe measwagilengths dfmfgﬁber :as\dfa enuterttc{:ramakmgan al so

be deternmned wt asyri I
points of the fi b%pﬁ%aﬂ%g f%&éf‘w?ggdﬁﬁﬁu‘;b?'ﬁéyﬁéﬁ%){‘ﬂxg‘e&#ﬁé@ﬁ 'p‘ﬁ%" e&
poi nts equat 40 wibdse! hande@ﬁﬁltn@ra efuippedaiitis & mhadrolleng] and & lcenventional
Al ternatively, points in the i rrauge field carrespondi ng to the

fiber can be i dequrFP'é@ qgl;nputer that ingledes,an image grakbenkoardnhie widief then

an al gori thm o fady g glhFtc? eBeAge .éBrefamw bPRfast *@efm.ﬂi'rﬁagrgssﬂhges the

PCT/ U897114861 desired magnification allowmg for the entire length of the notél fibers to be
To provide bul ki ne st or e of CLO sectlon of

t he novel fibers H;@e gg%d&s‘f'%‘f"t é)(fr'}'ﬁa '°n9 magnlfﬂtca??f‘ i QR ISHRRR, i n
the Exanpl es 15ThGU§Hy 8l rufdr e the fildof VR bﬂa aﬁﬁ@érlﬂ‘ﬁﬂ tﬁ’ét%ét@m@séﬁlé iR tHed

shape of the as spunfiber shown in Fig. 17. The shape of the as spun fiber
5 in Fig 17 hamageeﬁeld(bnndwamtpe alntpesbetweeispcmmdenuﬁenl lmmeefeldah
view.

Various algorithms can be used in the measuring system to

determine Lo and Ly. The determination of Lo may be accomplished by

20 tracing the insertion point along the length of the image of the fiber using an
input/output mouse type of device. Alternatively, the ends of the image of |
the fiber can be identified using a mouse type device and the computer can
be instructed to run an algorithm to determine the length of the fiber based

- upon the identification of the two end points and fiber imagé in the image

25 field. Ly can also be determined with the aid of the measuring system. The
distal points of the fiber can be identified and the length between those
points equated with the diameter of the circumscribing circle. Altefnatively,
the points in the image field corresponding to the fiber éan be identified by
the computer, and the computer can run an algorithm to fit a circle around

30 the fiber that circumscribes the fiber.



East man Chem cal Conpany .of Kingsport, TN Of course, t he as spun f| ber
cross-section shapes are the non-distorted "H', "Y', "+", "U' or "4DG'
._shapes. " The fibers have a denier of between 3 PEGUEOeef and
nor e 10 Woe? éolj?ilgly between 3 and 30 dpf. Denier (dpf) is the aver age
deni er of the I ndi vidual fiber measured in grans of fiber per 9000
nmeters of the individual fiber. Preferably, the
novel fibers of the invention are made front32- pol yester, such as
pol y(et hyl ene terephthal ate). However, the novel fibers 15 may al so be
formed fromother polyners that shrink significantly when heat ed
such as pol ystyrene orTbcpmmdemIWgsrm:édlsTdrraoattm sﬁapfamﬂthélcmss-sectlon of

i ntroduces the di ort| in the fi e q, ol “—;:a,ses“ LRDF and SRDF.
The relatively | aﬁ'lfe" u‘??r%mal s of t°ﬁe b%‘Pe? 29 SPOWPrBYi de

their utility in ﬁ‘téSEk%EIesPrﬂ%’ﬁé\Fel fi EBF bﬂ@#ﬁbc‘%ﬁ@h’éﬁé%aﬁélsﬁrﬁég Jistorted

anor phous 20 polyneri bers when t bers are heated above

gl ass transition shape of thecapepun fiber shnvm imkign AV nghecshape ofitha@s spurdiibaro

o hou e 2Rt 170 BB GlL $8488y e o

conposi tion that Eastiian Qhemicsl Cémpanyos smherrwtOﬂumrtséetheaéstpu@fbéhe

25 material used to make the fibers or may be fabricated by appli catlon of
surface finishes. cmrwpms@aeawﬁ&ﬂ\emmwée rted okli. gy’ .st+ruit 4D

surfaces of whichg | ar ge adhesion tension (i.e., that strongly attract)
wi th aqueous |iquirds and are therefore preferred for applications involving
aqueous | i quids such a¥helfibees Have adenieraf|betwéen 3ta11|¢tbﬁ&|dpfan8®10re '

acauisi 11 on/djst i butl o oL ct ugee apd pergenen  Sf prage SLiuclures
PCT/ US97/ 14861 . mdwndHal fiber measured in grams of fiber per 9000 meters %?the  individual

Preferably, the hydrophilic surface haS an adhesion tension with distil
wat er greater thafibes dynes/cm as measured on a flat surface having the

e oo e, e BEE O o By iR o e Horh A
5 liquids are dpslyrestadsmh aebotyeéthv@nertetépﬁthitate) Howeved 1thedtbvel fibefsace
finishes are X\g ' rrlt(ar;/oémlsolbne tlormeg from other polymers that shrink significantly when
heated such as polystyrene or foamed polystyrene. The step of shrinking
introduces the distortion in the fiber that increases the LRDF and SRDF.
The relatively large values of LRDF and/or SRDF of the nove! fibers provide
their utility in absorbent products. Shrinking occurs for oriented amorphous
20 polymeric fibers when the fibers are heated above their glass transition
temperature. The shrinking occurs either prior to or in the absence of
substantial crystallization.
" The novel fibers of the invention, preferably, have a surface
composition that is hydrophilic which may be inherent due the nature of the
25 material used to make the fibers or may be fabricated by application of
surface finishes: Hydrq'phiiic surface finishes provide structures the
surfaces of which have large adhesion tension (i.e., that strongly aftract)
with aqueous liquids and are therefore preferred for applications involving
aqueous liquids such as those discussed below for temporary’

30 acquisition/distribution structures and permanent storage structures.



The. sur:face'fi ni shes are’typically coated on fibers during their

manuf acture. The coating, i.e. lubricating step, usually occurs just after

t he- wolssemipol yner i s extruded through the aperturé OPCHUSI/ma8er ette. -
and 10 quenched, but it can be applied | ater as di scussed bel ow. The

t hi ckness of the coating is nuch thinner than the cross-section of
the fiber and is measured in terns Qf4ygis percent of the total

wei ght of the fiber. The wei ght percent of the coating is typically
bet ween 0. 005 and 2.0 percent of the total wei ght of the fiber. 15

mt herat i 2l |y dErSBFRbIGGeepalic Fiet has o quiision Bnkion ith distiled
(PyCos([err]a))/ datér ?r]eaiér(iﬁaﬁﬁﬁ ef/riéelicm as mea:Wh@dema Rat Sufface RavingRher of

the cross-section of the fiber in'centineters cn; is the surface
tensi on of the |sqm%pmnp@s1§o@andafwhasﬂwwmﬁ ott@erﬂhen omeof thene

comost ton and. FER ekl ubefilicpRilidt fardk paHesaf Serdihy o iiddr s
Pat . Ho. liquidsar@@escrivéd of feferdrided in U.Be PatliNG. 56811 9811 Buifacd he
liquid on the surface of the fiber, and d i s the denier of the

fi ber on which tﬂ9'$%ewe| owniutb@r @i, Novel fibers which satisfy this

i nequal ity have excel I g{)dqqh ;
The novel fibers have ¢ anne ﬁg{r'lsrt‘ %%e@h‘é?ﬁ%%g c%]ﬁrrgérsbdgﬂu e lﬁr
in distributing mamlfacturg Tl'hqmahngha) lmmqtmg;ﬂep,stmfadly@ceueshst after the st
on t he surff'ice of the fibers .suc when the fihers tisfty the
| oh tha 3

above equation MO%e polymer is,gxtfuAeg,thipy Sfiure:qf g sRinnggRiteand 5 - o

energetics deper guefches, but¥can Bé'&ﬁﬁhé’d‘ |éte:n§s G&cbgﬁéﬂfBQlMeTﬁé&ﬁtéﬁﬁeﬁ‘Qf
whatever liquid is in contact with

PCT/ US97/ 14861 the coating is much thlnner than the cross-sectlon of the fiber and is

t he surface. Theg{‘qg%%ﬁé?ﬁ#f‘er@-& HcSFhS ﬂﬂe tB%ﬁw%g@ﬂW%e% Sr.f?ﬁg‘%vaé%tne

attraction betwe I qul e SUI’ ace. esion tension 1s

factor in the capertentyofiios oeatcr&g:ts typically bbtwvderm0i005 andi2 Ohparceht of'the!totat
factor affectln h%caplllaryforces acting on aliquidin a
channel is the | &RIOM GJithe fibBr. ( he perineter of the channel. Wen the

ot Tve . ST, contiSIAuE e s pevidSaR ke kecSntnty,
sincethe force ehathemsticallydetemnmingdby the fo awmgaaquatlam proport i onal
(PyCos(8a))/d = 0.03 dynes/den
wherein P is the perimeter of the cross-section of the fiber in centimeters
(cm); y is the surface tension of the liquid on the surface in dynes/cm; 8a is
20 the advancing contact angle of the liquid on a flat surface having the same
composition and finish as the surface of the fiber (as specified in U.S. Pat.
No. 5,611,981); yCos(Ba) is the adhesion tension of the liquid on the
. surface of the fiber; and d is the denier of the fiber on which the P was
measured. Novel fibers which satisfy this inequality have éxcellent flow of
25 fluid along their length. | |
The novel fibers have channels on their surface which may be useful
in distributing or storing liquids when the proper surface energetics exist on
the surface of the fibers, such as when the fibers satisfy the above equation
relating to specific surface forces. The surface energetics determine the

30 adhesion tension between the surface and whatever liquid is in contact with




to the area of the channel. Therefore, preferably, the width of the

channel s Is | ess than 400 m crons. 10 The i nport ant
-advant ages _of the novel fibers of the present i nven e
provi ded (Eowo PHe capillaries defined in the final fiber %’el ngsal;’ﬁ‘“1

| ess than 400 mcrons, (2) by the relatively large ratio of the void vol une
(for storing liquid) to the vol ume of the material forming the fibers, and
(3) by the bulk and rigidity providdd-by the | arge LRDF of the

fi bers. Novel 15 fibers of the present invention rmay al so contain
channel s which are | arger than 400 m crons. These features provide

the novel fibersthd §ilfddee méiar dr the adhesion teﬁ%ﬁiﬂ' e stromgetABforce ek store
arelatively large capacity of quid, and t prevent that |iquid

from bei ng expel a@@o&marbeswee@thmhwd@ndghgéuéa@d Theradhesion tensjaniisrenes

V- sh 2
e oeed for t ooy BapMafy fircdd SOM o d kil fn B3 EPne) “RnotfBY ideedd
i nvention mﬁy aLafiedt:tmg?mE?pd}ar% H‘orates acting onsaJlnqmdhrsardbanhehs::t)hé;wngtEl/N?) to
i ncreases the abjlity.o i ber refera
t he nO\S/eIS fibersthe @ Z \R'i‘? ﬁhi‘ﬂf’qci %@ﬁ Q\g'f%w{dtﬁﬁpﬁk}ﬁa’ame's arq,;mg}i\% An
additive, such ag, ﬂ%}@ rOphla'rﬁel%%l?sﬁanbﬁﬁﬁ&eﬂt&@héf&c oF gtr%eﬁ'p%n

t hereby increasing t I Clt the™m xture relative to
SAP. Pr ethe lguig, smbetl@lercs ofigravity loprtbe ligLichinl aacbamﬂiysi praportionkl

{3ty Acid est or 1o fipaled of thS cachel” hibreflie Ktbrer b P it bt e FAdnriiS

absor bent struct iy @8sWars 800 microns. per manently store, whereas the novel

fibers without the SAP coating are 30 wuseful to tenporarily store and
distribute |1Quids. Theimgo @dyvaotages of the novel fibers of the present

PCT/ US97/ 14861 invention gre provided (1)%91% c?ér%}fﬂn”ést é?ﬁehq hngﬂfﬁ gt#eiﬁggl €

of water on a SAl e con ter
on the surface- oiestsktbaSNBOa'htcEmmmmabﬁ the relatlvelw\msge ratunbi lheemmi velutde at

bout 60 d Th | SAP
be reduced I or oF SRETRUIAID P ATe VeRim&dh e Bateriah formring Ha by ageal he.
aqueous |iquid apg th@%u%d ﬂgﬂ'it?\ﬁréﬂﬂeb byuhé |érEé(L§&DF' oftii'bers. Novelt he

channel s of the novel fibers. The additivé to t : lowers the initial
contact angl & of fi bﬂrmmbmmeasemtumemwrtmaysm eantaincchanmglsswhighoare larger

{ransport abi |1ty ygn 45 AGKARSTHsB bsturls bRSiAPIHd Abel ibitd TSRy 1o

acquire, transport, and store a relatively large capacity of liquid, and to
prevent that liquid from being expelled when the structure is squeezed with
moderate pressure. “V"-shaped grooves and/or grooves with wide bases

- 20 may also be used for these purposes.

The novel fiber of the present invention may also be coated with a
superabsorbent polymer (SAP) to increases the ability of the fiber to absorb
liquid. Preferably, the novel fibers are coated with up to 35 Weight percent
of SAP. An additive, such as a surfactant, is preferably mixed with the SAP

25 thereby increasing the hydrophilicity of the mixture relative to the pure SAP.
Preferably, the SAP is a copolymer of maleic anhydride and isobutylene.
Preferably, the surfactant is a nonionic ethoxylated fatty acid ester. These
SAP coated novel fibers are useful in novel absorbent structures which
permanently store, whereas the novel fibers without the SAP coating are

30 usefulto témporarily store and distribute liquids.



The novel fibers may be used to address a significant problemwth. 10
the prior art absorbent products known as gel bl ocking. For exanple, gel

bl ocki ng ofw&egl@gsur s Wwhen high blend | evels of SAP w th flecfoserrsaf
greater than 30 percent SAP are used at high densities of greater than 0.10
g/cc to make the currently popular thin diapers. Sel ected novel fibers of

this i nvention when bl ended with SAP,and fluff pulp will reduce gel
bl ocki ng. 15 Novel absorbent structlf?es of the present invention,
whi ch function to tenmporarily acquire and distribute fluids, are
made of an assenbly of_the novel fibers described above. The bul k

density of these tenpdodupfisingly, the iniiig| Gootact angle ot watelonos SAPhs Righu &air es

preferably | oss (RaNTe: 18 hied andle of waldrn leifrace bR SAp of Fogltl 6

of tenporarily aosas visaglly estirlateteatrabolt 80 dégredd The contacttangié bf aguedys be
desor bed by mater] al'cfﬁ whi_ch have a re&t‘ir. t hey npdynam c, .
attraction to thdiaguds er SAF muUshbe rRdYeeq, i ofdes tq hawe sutficient adhesion tension

Exampl es of des ol ae3he bylbsus lia@itidiid tho SAB1E aiiind ELRPFIIERH Blong <

attraction inclu uthon materi a suc s those discl os
Pat . 25 Nos. thezbhanpei; ofihe e@veblibarad The &iditi\esto thedSAR lowerstingi iniial). S.

li cati titled "Bundl f Fib f ul ' Li quid t High
e and Acqui SraieRt aaels pf BnacbRods Madehn b4 AP elben A aiafose 1 ca
AUgUSL 15, 1997 tranddoriabiiey op reradqbdus st i 6 darully MidcpgroséBscont ai ni ng

mat eri al s. WO .
PCT/ US97/ 14861 The novel fibers may be used to address a significantproblem with

A A P A YRS o B k8 grampe, B

of water absorbe rgramo The _
structures are reslosking®f SAR becursivrerehigh biérsa téveds of §APdvitin flaff pulpetur e.

Pr ef bly, the TA t h t han 5 i, f bl _
I ose than 30 pUEBIATE0ADRETPEN AR PraLeaH A S Hoputed A rdRter o b3P)
of pres ;U r§lcc 1@ fal@ the rddlﬁ‘éﬁtt?? Ve tAinSdigpérs Os’é]%cfe%&}éll gﬂewof this

liquid given u under pressu en conpared to fluff pu

Vet col I apse is tipwention whenhiendeshwithtSAR and fiuifsaulp will requgepgeliioaking.
oo 3, Vel COEDo o QB s RN BTl RSB
0. 0393 ' to temporarily acquire and distribute fluids, are made of an assembly of the
novel fibers described above. The bulk density of these temporary
acquisition/distribution (TA) structures is similar to the bulk density of
celluiose fluff pulp, which is preferably less than 0.15 grams per cubic
20 centimeter. The function of temporarily acquiring fluids means that the TA
structures may be desorbed by materials which have a greater -
thermodynamic attraction to the fluids than the TA structures themselves.
Examples of desorbing materials in order of increasing thermodynamic
attraction include distribution materials, such as those disclosed in U.S. Pat.
25 Nos. 5,200,248; 5,268,229 and 5, 611;981 and in-co-pending U.S. .
application titled “Bundies of Fibers Useful for Moving Liquids at High
Fluxes and Acquisition/Distribution Structures that Use the Bundles” filed
August 15, 1897; fluff pulp; chemically modified fluff pulp; SAP containing
materials.



g/cc of less than 12 percent, rmré' preferably less than.5 percent and'still

nore preferably essentially zero. - I n anot her enbodi nent of

t he present_]j |on the novel fibers are uti'lized i

structur es%ﬂag%@;ﬁéanently store fluids along the length 1570 w&%ﬁlbers
The permanent storage (PS) structures conprise the novel fibers

coated with SAP and, preferably, with a blepd of SAP and surfactant,

as descri bed above. The SAP or blend is coat®d on or partially fi Il's the
channels. By using the blend of SAP and surfactant the |ength of the novel
fibers 1s utilized in the storage of fluids wthin the channels of the
fibers. 20 The PS sThediAstesctprestpreterbblythave amahwbeney.opabneastsl east 20

grans of wat er_absor bed per ans_of in th str ct

wat er rel ease atg"T""‘¢§s"?fawat""'r agsg%epé%g gramPf48 nBtﬁ Ehtpeaﬁ%‘ Jféf

greater than 2. Jth/chfes are resnstwe to the rEié%sé%f@bsbrﬁw ifquid uhhér ﬁfé%%ﬁ?é

I nvention and those coated with e m xed or blended with
gaﬁaa

fluff pul p, cherffretemaply, itla%{tfé@tmcmresmvs le nB0 peicent menepreisrablyher eof

par £1 oul ar brendesbiiarred Kbt B (S8SRH 8 boY poypd per ShBaidBeh B5RTY, 1
fluff pul p provigtessuree TR TAlstitictures have rasignificafiredaction iseliquid given up
col | apse of less than 5 percent at a densi of 0. 393 g/cc.

Consurner di sposémc@rﬁgﬁ%ﬁrwh%‘r%ﬂﬁ@ ERUIBi apers, 30  cat aneni al s,

gg%;g'lgcom inent  deviggoiiafse FAyBitaly dPrbBlel¥itARenliosRfSpulp, whith

PCT/ US97/ 14861 has a wet collapse of about 25 percent at a bulk density of 010393 g/cc.

d TA and R t f th {i E . Fi
Shous. 2 pl aru; cBTASTSISS. PaPedsi; BryRaEor cRPRe 366 Ik Brgeiy bEnoHs
area 301 desi 9”8%1@6 obless thad 1D p@&eﬁnmoﬁeb‘ﬁém&bl?q@ss ther percent and still
enbodi nents of t fem ni ne napkin 300 are shown in Figs. 31-33 utilizing

5 the novel struetepeiewmbly aesentiahraera.nvent i on. As shown in

Fig. 31 the fem nine lﬂ%tﬂe?grﬂbbamﬁﬁ W#jpr':&[etnk‘ﬁ'{veﬁﬂ?n éq%nogglrﬂﬂg?é ¥%re A

| npi ngenent zone 310 conprises a por shee
structure 312 ungtidizedlir absprbené structares pmrﬂarmmtlyfstm'edlwds alomgi the |érgthr

10 impi ngerént A8 Hbees Bha nerBade dorasesti) sichner sonprGe e ronel

g ey b s S sy

sheet 314 and haas described above. The SAP or blend is coated on or partially fills the
channels. By using the blend of SAP and surfactant the length of the novel
fibers is utilized in the storage of fiuids within the channels of the fibers.

20 The PS structures preferably have an absorbency of at least 20 grams of
water absorbed per grams of material in the structure, water release at 1psi
of less than 30 percent and a Rayg of greater than 2.5 g/sec. | ]

‘ The novel fibers of the preseﬁt invention and those coated with SAP
may be mixed or bilended with fluff puip, chemically treated fluff pulp, SAP

25 or combinations thereof to provide additional structures for permanently
storing fluids. ‘In particular blends of the novel fibers of the present
invention with fluff pulp provide a permanent storage structure having a wet
collapse of less than 5 percent at a density of 0.393 g/cc.

Consumer disposable absorbent products such as diapers,

30 catameniafs, adult incontinent devices are improved using the novel fibers



| ength 303, as’‘shown in Fig. 30. The TA structure 312 is protected from
comuni cating with the storage core 315 by shietding strips 318 15
Opti onal | y;wobsio7bfo structure may conmuni cate with the core RORUSHN4TLS by -
addi ng openings to the shielding strip 318 or by not having any shiel ding
strip. The distribution layer 313 |inks the inpingement zone 310 to the
outer areas of the core material 315 througiMZhe opening 317 of the
shielding strip 316. 20 The fem ni ne napkin design of Fig. 31
denonstrates the uni que features of the novel fibers and in

ticul the T ; Y L .
et (311 of |t he JT AR 7S sBlichilfs B Erissent inventit P8 bimpid) Fih 8o
fluid at t Ee i rrpismwmf | pga;u]ziew?.:f&hdé%ign Tor sfeminine napkia 303 having h&fméfﬁlir! Lly
acqul res the agueous ura.rrom eto et . agueous ul
T he TA Str oot GrEa 901 JeSIEe buce wifln 0B A enath 303 ageverdl " 313
and transferred (nbddiniErits Bﬂﬁ’\e?%ﬁni?\é%aﬁn 39%%?&%8%%?&@&7%93& Rfilizing
e y t of the

| ength of the storage core 315 sl ghat e e openi ngs
shi el di ng strBp 3he novebstaupturesofitheiptesentdrvantiond from t he distribution

| t t e Th f ' t_all

for numerous 30" i ndh¥ SOV 1 Fig. AR JETIDe Feplsrt o FEBHGERE ro That 3
structures are dr@ima&y iMpingement¥arR83 10 8dMprises a portion of a top sheet 311, a
PCT/ US97/ 14861 -18 -

the storage cor e, TABEHehie g12pmndenthe tap sheel: ang apastion gf asigiinution layer: .

Th f. AN i - Thi

o i ek 513 GRRA B Just dbive d fortiofict Back et $12°0H Gt sigdbitne,
and reduces H@akdmpimyement zune310 iscal storape core/81 5.0 keshieldingsteipl 3&havifig
Fo o hoere and amanings 3t o uiieneath e SomaR P AN sibys TE GSEPLHRR of
the TA structure pgiéd 311*{;.%?5 di%ﬂrthﬁ:ﬁ&pér%f?mﬁ%ﬁckwﬁé‘égsﬂt%héé‘ShTA

structure is a conponen . o n_anot her enbodi nent, as shown
in Fig. 32, the desgth 303,iasrshawrein Figo303 Thei BA strustire B12ris protested from t op

compri ses a port |NTBHAHNG dtihe Hlomge corg ¥1TEY ¥nisiid SR 1
di stri buti on 16ay eDpfidrallyn e TRStructUre rhay comaninicatedvitintheldore material 315 by
structure 312 under the distribution |ayer 31 nd j ust above a back_ sheet
adding openings to the shneldu}\/g strip g‘lg or by not having any shielding
strip. The distribution layer 313 links the impingement zone 310 to the
outer areas of the core material 315 through the opening 317 of the -
shielding strip 316. | |
20 The feminine napkin design of Fig. 31 demonstrates the unique
features of the novel fibers and in particular the TA structures of the present
" invention. The top sheet 311 of the feminine napkin 300 is insulted by an
aqueous fluid at the impingerhent zone 310. The TA structure 312
temporarily acquires the aqueous fluid from the top sheet 311. The
25 aqueous fluid in the TA structure 312 is desorbed by the distribution layer
313 and transferred to the storage core 315. At various points along the
length of the storage core 315 designated by the opé_nings 317 of the |
shielding strip 316, the aqueous fluid is desorbed from the distribution layer
to a storage core. This process of fluid management allows for numerous

30 insults to the impingement zone because the TA structures are drained by



314. On either side of the inpingement zone 310 is the storage core 315.
15 The shielding strip 316 is below the distribution | ayer 313.

In still another enbodi nent, as shown in Fig. 33, a TA strugi -
is direct] yWOI¥EMRath a top sheet 311 along the entire Ien%#’@?ﬁglﬁ%at op

sheet. A distribution layer 313 is underneath the TA structure 312 and
above a shielding strip 316. In this enbodinent, there is no specified 20
i mpi ngenent zone. A storage core 315 is bet 8%t he shielding strip 316 and
above a back sheet 314. The top sheet is insulted with an aqueous fluid,
whi ch is subsequently acquired by the TA structure. The aqueous fluid is

t hen desor bed frmétbfag@c@‘ér therebye ﬁ%bbrin@elhél'm Slrbctbl’é‘sqfdr@h@fhér%étﬁlﬁ
storage core. The top eet and the shielding strip may be made

of any c om)é PPEARA May @eéﬁééﬁt%@ﬂ the storage sareyis/saturated) This

pol yet hyl ene fil

made from pol ypr?ﬁ@f‘g{# napkin degﬁheéIW%fégBtg@lgléfﬁé&I ang Bﬁ@'elesgl 'tnég% ‘?&Sp may
al so be made fr oandréduces leakagepprdwulmg«a:prpdumm ovencenmesatheigreblems
Preferably, the undersi eet ower coptact angle
 h aquesus B1 qEPURCRted whanocHt SBaignss THS Samp bRsiGdeslen may be Sppiied
PCT/ US97/ 14861  tg dia ers and adylt incontinent devices. Obviously, the snzej(golﬁa e)of

the top sheet. In an er preferred odi ment the top'sheet i
an apertured fil thenm'Arstmgztureumll gependon the type obipbsarbent pradust that theTirde

spont aneous | i qui frontside of the top sheet to the
backsi de, as di sgﬂgé@gg sné %ngoﬁgbf ¢tation Serial No. 545,450 filed COctober
5 19, 1995. In anotheifbmbbdﬁhénbwslm\n}rﬁmqﬁ i 82 hefdistablition 1diRirs

| i ke those disclogsed in 248; 5,268,229 _and 5,

611,981 and & c§3§é$ﬂ|"ﬁ§ﬂ){}-'@erneafh theéﬁﬁlgéﬁi '3?)?13f‘ptha§cﬁ lepgtyBA3. Jheri ver s
Useful f Mo ng%

Acguiusi t?(r)n/ Dyls??nh{éﬂw{ﬁa@gr uct urggget:sﬂgtcﬁe t Eﬂﬁ' es fth? t?p 8he%531

15, 1997. These ppttnsofithe distribetian iayed343 undemagte thentop $heetaand the TA

S f Capi I | \ol S | |

e e ol o ST Bt BBl 60 SR R S5 akaﬁr%

9 and at 1343s TO@@ltﬁ@fr éié@bf tﬁe infPihgetiRE2oNd1810 % the'étbhage el 3181 Y
channel wi dth | ess than 300 m crons or (b) a Specific Capillary

Vol ume of |e38 tHhe sb@dmgfstn@aﬂglabe@vsﬁ@;d»strtm@gp.lamr 3sur f ace Area of
less than 2000 cnferr]ifaand ther embodiment, as shown in Fig. 33, a TA structure 312

is directly underneath a top sheet 311 along the entire length of the top
sheet. A distribution layer 313 is underneath the TA structure 312 and
above a shielding strip 316. In this embodiment, there is no specified

20 impingement zone. A storage core 315 is below the shielding strip 316 and
-above a back sheet 314. The top sheet is insulted with an aqueous fluid,
which is subsequently acquired by the TA structure. The aqueous fluid is -
then desorbed from the TA structure and the distribution layer to the
storage core. '

25 The top sheet and the shielding strip may be made of any
conventional top sheet material such as perforated polyethylene film or a
calendar bonded or a spun bonded top sheet made from polypropylene
fiber. The top sheet and shielding strip may also be made from other
perforated polymer films and fibers. Preferably, the underside of the top

30 sheet has a lower contact angle with aqueous liquids than the top side of



Sl enderness Ratio of less than 9 or nore than 70%of intra-fiber channels
with a capill ag& channel wi dth of greater than 300 mcrons. Preferably, the
fibers desCVPBEM™Y (b) have a single fiber bulk factor of greHUSH”/x

4. 0. Preferably, the fibers of the distribution |ayer have a
specific surface force, 20 which is mathematically determ ned by the
foll ow ng equati on: -19- (PyCos([err]a))/d [err]
0. 03 dynes/ den, wherein P is the perineter of the cross-section of
the fiber (cm; y is the surface tension of the liquid on the

auia on & 11 athe ion ShRef Jpariptier reRtted Ampocimen(RB336 SndrflnAveirt

the surface of tdieapérgredfinn witeeif dutthdrtions i thead OFerture wallsNe.provigiel, 981) ;
yCos([err]a) is the adhesion tensiaon of the |iqui surface of

the fiber; and &nogtanﬁ,m&ému inyersiea faom the fsantside-of thﬁéopsnsst tothe
measur ed. Novel gfo‘é, %'&éb@%dg@ %7% %}mb&ﬁ&‘:‘%hhémaf BX5 980! EIDHbLY NI
1 ds. /

forces to nove flu
PCT/ US97/ 14861 19, 1995. -20 -

The storage core may e fluff chem al | flu

super absor bent pol yne ﬁgrhbé%&'gn%fﬂarpég blhig[e) @E“’e r‘&’%ﬂgﬁ%&m Urs
conmbi nations th mm |41

film 5 EF@ONO I bers of 'the 229 atn)dl%c@!‘! §81TBF|6 'ﬁ&?é%?‘e@by sever al

resent I nvention can

di fferent anphoaws titled FBurdles of Fihers dsefvlifagMoving lslaqmsrﬂidﬂlghf st eps
are preferable A]

Seaugnc'e of ste Suxes an8 qu¥ t'&lbm"g&@ §Irh§t§f§s gﬁt urﬁ? thﬁﬁ‘gﬁaé léﬁae 10
2. 1OS|0IA(ugt§dtr1I51HSQVUUmesélﬂber@ﬁﬁyﬁﬂb?descnbed ds havmg either (a)@i N,

draw, cut, shrink, | ube, dr aw, shrlnk

| ube, cut, pac kaRfeecific Caplllary V%!un'mef §biq"l‘s§?@p°94€ﬁﬁ‘§ %§H§€'ﬂP|Qﬁﬁ“¢W .
Chuped 1 oare. Tk Ron el FONSL R 4 Scindss RAOST B et 9 1)
the extrusion i sard ab]&shﬁ@ lpercam obintra-fiber crenmets ¥ith & capildlyeshaniel Width
sty o Lot Rbs BarPSbd iteoRsiar (Ba S CapindBVditine b1l $hsh 33 ¥
15  cclg or a Specific Capillary Surface Area of less than 2000 cm%g and a
Slenderness Ratio of less than 9 or more than 70% of intra-fiber channels
with a capillary channel width of greater than 300 microns. Preferably, the
fibers described in (b) have a single fiber Sulk factor of greater than 4.0.
Preferably, the fibers of the distribution layer have a specific surface force,
20 which is mathematically determined by the following equation:
(PyCos(6a))/d 2> 0.03 dynes/den,
wherein P is the perimeter of the cross-section of the fiber (cm); v is the
surface tension of the liquid on the surface (dynes/cm); 6a is the ad\}ancing .
. contact angle of the liquid on a fiat surface having the same composutlon
25 and finish as the surface of the fiber (as specified in U.S. Pat.
No. 5,611,981); yCos(0a) is the adhesion tension of the liquid on the
surface of the fiber; and d is the denier of the fiber on which the P was
measured. Novel fibers which satisfy this inequality provide large driving
forces to move fluids.




I ncl udes cooling the extruded polyner to forma fiber having an as sptjn :
shape, lubricating the fiber, and then transporting the fiber. The

preferred %”;or,ﬁgsporu ng (Spl nni ng) speeds are between 50fcp@soPREE

neters per ute {mmn). H gher spinning speeds may result 1n the
onset of crystalllzatlon in the extruding fiber. Crystallization
reduces the ability of the fiber to éBrink I n the subsequent shrink
step and thereby inhibits the format 9m of the structural
distortions. Preferably, the spinning speeds are 25 from 1000 to 1500
mmn and 2500 to 3200 m m n dependi ng on the polynmeric materi al

used. Obvi ously cross-Thecstoragepcareanaybe dhiff-pulp, chemlcaﬂiyrqutﬂntlsﬂuff pelp; at i on

o | Peca’t oo o debRtEre PEMRR, P S HURARS of e prosdi BR3P " "
g g} 3t7 '9\1'8' y high sombiHdtiohsWeereof. PRe wek%heéﬂsatypwuwrriedefbf polyethylene

PCT/ US97/ 14861 film. -21 -

oroduce the dbei rq. s HAISEGs o HpRER fRnfdn aff ) indhe /sdiaiél diferent
- The cut step rreapmmeeenHowmrMhelibudwiggtfmr dedquenees Bfistepst are preferable

| engt hs of the n fibers of the present invention are short as conpared
to t he conv&ﬁq‘ﬂlﬁﬁg %P°V%|r@ﬁ5g of staple PET fibers, typically one

and one hal f Procdgiches. ThegeaNghts ofbtepse cut novel fibers are from 2
(mm) .

to 37 mlllmeters he final |engths of the novel
fibers are not nécessarily Spm.loelhgﬁmmk Iube pad{agewe f| bers during

I nt er nedi at e S in the nuf act c exanple, in the
shri nk- cut p1 cegses (i.e rT%PH" tsﬁQH% ﬁ%@ﬁﬂ sequenti al
steps of first sBrinking thgpin Rieaw @ur[dsﬁﬁ'qa {Qb@tpgmka Be fibers), the
fibers are cut to the desired ength between 2 and 37 mm However, in

the cut-shrink pfecesses (i S@'n drawmwrﬁw&w RAAKRORg sequenti al steps

f f t tt f

19i bers are l:lrjts tgua I?@’é ?‘ﬁﬂggttaér)& ngg%omgﬂu?ﬁg'%{@é@] lteﬁﬁfo;%rae{ hen

shlr3 unk to the deﬂinroeghla]?emxres in a spinnerette forrniftgastﬁpedﬁbertsewnenﬂmnmﬁen
ecting t un fi r.a r to.an,environnent

havt ng. & Sut 15, BR r@e’rrﬁao&(aﬁw'%qer%@haerﬁ) the sHusion i6 &t & RirpgMR of o

a deni er of at '%Béht? 8604G. Whé L @ﬁ\%b&éﬁtpor%ﬂﬁéaéﬁfngthe than

t he denler prior to s |ng ‘The s r|n as a
aperture is preferably between 400 to 1000 poise. The spin step also -

includes cooling the extruded polymer to form a fiber having an as spun
shape, lubricating the fiber, and then transporting the fiber. The preferred
20 {ranspcrting (spinning) speeds are between 500 and 3500 meters per
minute (m/min). Higher spinning speeds may result in the onset of
crystallization in the extruding fiber. Crystallization reduces the ability of the
fiber to shrink in the subsequent shrink step and thereby inhibits the
formation of the structural distortions. Preferably, the spinning speeds are
25 from 1000 to 1500 m/min and 2500 to 3200 m/min depending on the -
polymeric material used. Obviously cross-section preservation and
amorphous orientation differences within a cross-section are important
during the spinning of these fibers. Typically, relatively low melt
‘temperatures, relatively high molecular weight polymers, refatively high



20 fodification of a conventional fiber 'stapl e process. The shrink step

differs dependi ng on whether the process is either shrink-cut or.

cut - shri nk wa og/07910 “In the shrink-cut process, t he novedrrfisdrAuss1ar € |
preferably Torned into a tow The fibers in the tow are then shrunk
The tow is delivered to the shrinking environment at a first speed

and renoved fromthe environnent at 25 a_ﬁﬁcond speed, which is slower
than the first speed. For exanple, a eated water bath at a
tenperature of between 70 and 100[err] C may be used to shrink the

fiber. The fiber is constrained at both ends of the bath by rolls
drunms so that tHueNahJatesARDPossibla mejtfurace tansion saductionsarecusad tos cal | ed

rotati onal ly co

oven 30 15 al 42 ogBcERie Bekiot snapkd Bk Mo phErbs BrehBRth HimirBnder”

t he shr| nki ng Dhe&iub si&pOmeans conventionally cutting the fibers. The cut

PCT/ US97/ 14861

region has a | oigPIts9fihe novelfibars of the,presentinventiog are §99Tlrﬁf GonEParEstio ¢ o
the heated sk i flhb%rﬁl@ﬁh@f’ihl cﬁhlé"n#sﬁ BPét%BTeEPE'T fibsers Vlgbiéaﬂﬁgnb% &fe RBFES
allows the fiber to shrink in ated shrinking re

I'n the cut-shri nkchesceths lengthscafithe oyt oaveltﬂbens;m fronb2 te 37 millimetersed 5
before the shrin @@?dof the fibers. In this process, which is typically

called i mensional free shrink, the fibers are not constrained
during the Shrfl‘hbﬂ?fa@li#@ﬂ'as hinesivvenfibes areyndteeessariiyase Rehgths
i mrersing the cut ers in an environnent suitable to effect

shrinking, such @fth@diers dH%"t‘Q itermediate stegp in theymanufacterling BraGess. fTdcess
is particul ag yd%@gh& {h%rsﬂ?inﬂh:nﬁﬁ)‘?ﬁgess%% (.8P % e Ql’&%egg ifVavi Héd_er of

bet ween 2000 an ers per m nni ng, ting, and
shrinking are cossqnamnai/eiepsa:ﬁdirst(shrmkmtmﬁbewand then cuttnﬁgrtheflbepé)ethaa

hri nk |.d d id
bout 3000 et or BSAMR R 4R PBaBls Rty Goh PHRPST gum HOWSEr, i
cutting and wt WHJ&t%WhR'ﬁr@&é%@BQxé .ﬁtﬂa ﬂ'&cé@é AVoing S65ULRIEI Sheps 8f

15 chanber with a residence tine 1 to about 30 seconds. As the shrunk .
fi ber passes outfirst cuttingithe ﬁbemnmmeramrsmmﬁberab the fibers areveut toad | s

%S Bt ve 15,5 oRebElerBRE RALIR AR AR nd rep s e cbéirdtepgyy
i mredi ately follow ng Tltieesmuktstqgosclﬂﬂs byFMbjetxtngIm as spurpfibsiuort a drawn 20
t he continuous spi nni ng-cuttin rocess can be used to feed aper
berto a enwronrr?erﬁ havmg a sufficient temperature to effe shnnkmg of
the fiber to a denier of at least 5 percent, preferably 25 percent, greater
than the denier prior to shrinking. The shrinking may be done as a
20 modification of a conventional fiber staple process. The shrink step diffefs

depending on whether the process is either shrink-cut or cut-shrink.

In the shrink-cut process, the novel fibers are preferably formed into
atow. The fibers in the tow are then shrunk. The tow is delivered to the
shrinking environment at a first speed and removed from the environment at

25 a second speed, which is slower than the first spéed. Forexample,a
heated water bath at a temperature of between 70 and 100°C may be used
to shrink the fiber. The fiber is constrained at both ends of the bath by rolls:
or drums so that the fiber cannot freely rotate. This shrink process is called
rotationally constrainéd shrink. Shrinking the tow in steam or in a hot oven

30 s also possible. The take-up roll that pulls the fiber out of the shrinking



maki ng machi ne. The step of. shrinking can take pface.at the |ocation of the
paper maki ng machine. For this alternative exanple, it is preferred 'that

t he ackaged naterial is in the formof rolled she
The | ube svgpﬁsﬁ%’al s applying a surface finish to-the shrunk ?l‘ 597'“86

Oten the surface finish applied in the spinning step is rermved durlng t he
shrinking step and anot her application is cessary. Any conventi onal
finish application process may be used. EX&fpl es include applying the
surface finish using spray booths, lube rolls, netered tips, or even a hot
wat er bath as used for shrinking the fibers. The surface finish is

pref erabl y. regiom hes/2!pwep surface speed than the feed roll delivering the fiber to

PCT/ US97/ 14861

ydr ophi | i ¢ sur IR SRS, Sheinking teeian, Tuis dfierepre ndaivary andjpkewmsseds

i ncreases the aghiowsdhe fibastooshrivk iAthéfeatsdsshriridnglregiom a fiber surface.
The drawi ng step is optional and may be either a conventlonal t ow

L i | ament dravmhng st edndhetcH&shWJéPmsiﬂi‘ef%ltﬁ'ﬂgsf’fafﬁ'ﬁé‘q\ﬂeb@b@s isperfgrmed OErB
oes not useg e"l’atef&r'étt% '%ﬁnnl-\r Hg d??t%‘ﬂﬂéfqug‘?ﬁls Hrobdis, WHidh e@tyﬁ %%g?] 10

reduce the denler per uct o I NCr eas
orientation dif tlmnemhmnmdﬂal free sgnmk,nthbiﬂhamate nobeonistminedduriag the o
i ncrease

fiber axis. Thué“ﬁgk?’gg‘g ”ﬁ}e‘;%é t‘?&ﬁ‘%%ﬁ%@f‘@?‘&e Qﬁﬁm%??*h@ 3 it the
shrinking step \foets inaérdehﬂrorﬁﬁent@fﬂaﬁlez(% it sAAAKIAG, St as Werd'l'\%‘f"ai?g i S

per formed under substanti al Iy anorphous retaining conditi ons so' that
the necessary or steami Jherautshsnk progesstis particylarhyaswitable farthigl-speedhr unk.

rocesses t4a cpepts Sttt SYB3MeRFan0 b 3500 Peterd B8 RuhvE T el
1 ow val ues of LSpinrisgreauttsy, akﬂsﬁrﬁnktd@ar@ﬁor&bbum}’elpéﬁdmﬁﬁuouslr done.
Referring now to the draw n articular Figs wherein [ik

ref erence numer %"5 eXanRie A g“ﬁ%ﬂ?(m'ﬁi-’eﬁc .%topaﬁqv QW'BO@Bout
the several viewseehkdf abo mes f‘;{]é"nlu)‘\u{'éﬁﬁﬁ%ﬂe@?b{w?}n@ﬁwlgﬁ%{ets#e of

a Spl Nnnerette at "a scal e o0 actu Sl ze O
width 20 W of auttingaamd withdhe sheipking dometinlahigh velanityierbulent heobairt ur e

cxtends o 038 coempetuth odlghbimilof e ity SO eobHE, Helbh i "
addi tion, the baperpassed 6T the AXbulent hot air chamber, the shrunk fiber falls into a
bale for packaging and shipment.
In an alternative cut-shrink process, the shrinking step does not -
occur immediately following the cutting step. For example, the product from

20  the continuous spinning-cutting process can be used to feed a paper |
making machine. The step of shrinking can take place at the location of the
paper making machine. For this alternative example, it is preferred thét the
packaged material is in the form of rolled sheets.

The lube step means applying a surface finish to the shrunk fiber.

25  Often the surface finish applied in the spinning step is removed during the
shrinking step and-another applibation is necessary. Any conventional
finish application process may be used. Exam'ples include applying the
surface finish dsing spray booths, lube rolls, metered tips, or even a hot
water bath as used for shrinking the fibers. The surface finish is preferably .



.2a to 2b, which is beyond between the two | ongest portions of the
"H shape". The length of the cross-bar 4e of the aperture is 71W 25

Apertures OfVV&P ?E@pe shown in Fig. 1 are part of the spi nnqs@,ﬁg,—,ﬂ“g@%
t hat was used ormthe novel fibers of Exanple 1. Fig. 2

shows phot ograph 10 including the cross-sections of generally

"H shaped"” as-spun fibers fornmed fromthe sp'ggnerette 1-1083. Phot ogr aph
10 at a magnification of 115 (115X) shows thé¥general H-shaped fiber 30
cross-section 11 which includes four arms such as the arns 12a, a cross-
WD 98/ 07910 _

PCT/ US97/ 14861 a hydrophihc surface lubricant, which reduces the contacbangle and/or bar

1 2b connecting tQ_proxi ds. of, each af the and .t wo

o o1 ecttons. 120, | RptBaREsRe sahgsiofteREpH.cf an A Ein it fioer strfase
twice as long as the crpgsdradin _ﬁllgt'épagd:phéﬂél and Aytbe éithet dlednvaritiohaptow
bet ween about 8 and_about 12. e channels 13 and 14 are ﬁgr oxi matel y

equi val ent i n wi demfilamest drawing ster of the type used to formistaple fibresibut which

shape. Frane 3o odrPnPElse nbet{Hiting "318 it iiindses gf the drabird bfip aldse.
t aken from phot ograme the dehieX pecfitamenteafithe products toiecredsedtie amorphoug a
pol yhedron 31. The n 31 |nc udes, th 10 33c,

hed ts 32 32b,
o’ 524, Cwni ch deerealng GffarRees WM GaBiTIGaTT Goss Ao, 3510 increass
32d t t t
s tangent t oiamBRiKs SHerkdforréf £Rhel BRais Rleng B iSét s Thus

Adj acent segment s nintertor angle interior to area of
t he pol yhedron 31bydmmgstheeﬁberbaﬁanesanpbng] thershriniingretepswillendtal 32c

35 Fig 3 1 <MERIMERSHOF ARGCUREE, e brefiRoi¢tattied obet Vo)

significantly dueswstanﬂauy ambﬁprmrslra{ﬁmgmﬁmsl sabthd Reddisapyor t.
range di stortion factor. Fig. 4A shows a ghot ograph 40 at 7X

of the novel fi befistastiong ogcurwhen the d"QW" strdeture isishrynk, Begause ghthews of

nurbers 10 Fi 9. 4ol uBRSiraF 8t Rle shrink, tnA YAk Sut REEYIL K did 45

7.49, 7.32, 8.17 neasur e es o0

al ong the backbo nfelaﬁvélylhngh valuss éﬂSRDFr and helativsigiow values of WVRDF conmpiesresd,
including 6.8 7.0, and 6.9, are the neasured val ues

for the di arre1%r é?@@tﬁh’@k&m@%ﬁ?@én bi ng each of the fiber 41la-41f.
Al of the lengths and rdramERéw % the BraWihg, iREdiculan figd! q-3d)avisgrklitlike

val ues reference numerals designate identical or corresponding parts throughout
the several views, Fig. 1 shows a generally H-shaped orifice or aperture of
a spinnerette at a scale of 20 times the actual size of the orifice. The width
20 W of the aperture is approximately 84 microns. The aperture extends along
4c + 4d of the "H" for 179 times the width W of the aperture. The distance
between the arms 4b and 4c is B0W. In addition, the base 4e extends from
2a to 2b, which is beyond between the two longest portions of the
"H-shape". The length of the cross-bar 4e of the aperture is 71W.
25 Apertures of the shape shown in Fig. 1 are part of the spinnerette 1-1083
that was used to form the novel fibers of Example 1. '
Fig. 2 shows photograph 10 including the cross-sections of generally
"H-shaped" as-spun fibers formed from the spinnerette I-1083. Photograph
10 at a magnification of 115 (115X) shows the general H-shaped fiber
30 cross-section 11 which includes four arms such as the arms 12a, a cross-



fromthe unmagnified novel fibers. 25 Fig. 4B shows the phot oéraph.

45 ‘at 40X of the novel fibers of . - Exanple 1. Polyneric structure 46

i ncl udes t d467gy Wal |l 47 and the base 48. The azi ¢hindorhimeat i on
of the arm4/7 varies along the | ength of t he backbone. The azi nut hal
angl e of the arm 47 changes by 360 degrees along the length of the
backbone 48 over a |l ength of the backbone of about 30 750 m crons.

WD 98/ 07910 -24-

PCT/ US97/ 14861 -25 -

Fig. 5 shows a design drawi ng of an aperture 50 of the spinnerette

1-1042 used in Dermabeconhettiflg 16 praXinal ends bPeacls bf thesarmis]andtwd 51 b, '
51c, and 51 d, a cross bar 52, and projections 53a, 53b. The wi dth Wof the

aperture 50 is Oroiestins 12scHherarmes12a rttheiGrosssertian 11 asa@rproimately 5

At the free end Each of
t he pr oj etﬁ |eso%s %g%&ﬁg‘ﬂ? I@Har{]d:ﬁ%\qﬁ\yé%&‘g E”(')as)tg‘-r%ar \ééz
(including the betweenmbgut8tanaabdifd2antheihanneals GG\arid g ard apploxirgately A,
B, C D are 25 and 50W respectively.

Fig. 6 shows®a %W'EB“&M‘HH HO%YP\Q" @& ArBBs of seven photographs at 10
285X each showi ng a CFRe$ sttws QéVé?fu%sQ-@é&hoﬁé Bﬁhefﬁﬁvelfﬁﬁéi%! 8aéh H:dvih

8
al so shows the cross-section 61 having an arm 62 and a cross-bar ‘Pn
| ength of the ardistopteds’Hishapen Fgamarfo dehrmts:thmgeverh@roasaentloms twtmcarm

5% and g5 m or orere i lakeRm BBtidrafhs a0 11 X7 (R665 30080 83 4 RelRWECT
15 5. ' by a polill'(bdrarﬁ\Sﬂ s Thepfulyiesron!817iBcide8 We sbgitients 808, 3w el
fiber 71 of The fibher 71 shows oscillations in the

ot mut a1 38at 1936, Gokdas, which defiae 116 BelYaPHBISY. hgaeh ot ihe seaments,32&mgt
F e = s rgaicgynpos o IS sl it 35 11
osci |l | ati ons i n Adjacent sagrherts Ifomanontenbr ahglenatarmrto therdelimited aréa of
O T 1S 2 o H1°Wel % B Thab BB 75D SBSPERS B3 320 meet
at the point 34. The segments 32c and 32d meet at the point of 35. Fig. 3
16  shows that the cross-sections of the novel fibers vary significantly due to -
the shrinking process leading to the short range distortion factor.

Fig. 4A shows a photograph 40 at 7X of the novel fibers of 41a-41f
of Example 1. There are two rows of numbers in Fig. 4A. The upper row of
numbers, including 7.74, 7.45, 7.49, 7.32, 8.17, and 7.76, are the measured

20 values of the length along the backbone of the fibers 41a-41f. The lower
row of numbers, including 6.8, 6.7, 6.8, 6.6, 7.0, and 6.9, are the measured
values for the diameter of a circle circumscribing each of the fiber 41a-41f,
All of the lengths and diameters are in millimeters and are the actual vaiues
from the unmagnified novel fibers. |

25 | Fig. 4B shows the photograph 45 at 40X of the novel fibers of
Example 1. Polymeric structure 46 includes the arm or wall 47 and the
base 48. The azimuthal location of the arm 47 varies along the length of
the backbone. The azimuthal angle of the arm 47 changes by 360 degrees
along the length of the backbone 48 over a length of the backbone of about

30 750 microns.



25 Exanple 2. The nunmbers 9. 79, '7.18, and 8.0 in'Fig. 7C corresponds to
t he | ength al ong the backbone of the fibers shown in the left,

center, andyde§§re10 sides of Fig. 7C, respectively. The powrbsydsel,
6.0, and 6.0 shown in the ' | ower half of Fig. 7C correspond to the

di aneters of a circle circunscribing the fibers shown in the left,
center, and right sides of Fig. 7C, respectié/§ly. WO 98/ 07910

PCT/ US97/ 14861 B -26 -

The fiber .75 has the ends 76 and 77. Al of the lengths and dianeters are

I n mllimeters and are the actual values fromthe unmagnified novel
fibers. Figgs shows adesignarewingof a0 epedure 50 of the ppionemptiephs

St 205X each | psou BRI A B Alrh S Yok S S B

cross-sections 8B1c3and®Hid, &‘bro@ébar 52, and pﬂs]e&fonsm 153k0t The Width'\W/ Gfrthe

shown in Fig. 8 vary from about rons to about 50 mcrons. The

wi dt hs of the ar rapestwe.S0is O-1Qp "B" vEagh of the arms §1apid hay algngthoef SOW.
Th
morons: The her%itheied B o S7ESTRL hefaR BEIE0r ippeer 1T £RB7S1 46
aﬂd abouz h25 m clrpr]ppgg?gs gsgg gsb has aqeggtr%fsw aTrmgtungbavrSmetudﬁg the
oW n e nove |
flunberg 7.72 and RIOW'EBFﬁéérﬂmoﬁ:}Pj 1§ §°V\ﬂ°"9 a.EE? EE‘LQQS'P%A?)%%AP?@'%

8.08 and 6.70 corgfgP hd SOW! Fespeitifel§ 3D, the nunbers 8.20 and
7.10 correspondi ng tbggwucture b3c, and humbers 15 8.56 and 6. 80

corresponding to the sFng(&sthsaaa'aMQOlﬁqhﬁutlmporf@mmfSeven phetograpbsiat

Fig. 9A that ,corr each tru e
backbone and p ﬁ@ﬁ@?ﬁf’ SBPW{'We %F%écgﬁoﬁcﬁriﬁﬁ‘f%%} haé%&%r g'g %h
respectively. Allgalgd shbWsltﬁé@tdsvs @éuiuoﬁl G1Raving ot &rmh azrarid & oriss-isarcésl a'he
t he actual values fromthe unmagnified naove] fi

9B is a phot ogr apangth eft themm)i5 beiwesa 30 aad 40 fBE’I’%“%S{-B? width of thE)éiFPpl e-
3. 1
Exanpl e 4. é:"?F% bé%ée%h?aﬂgqﬁgg{?ove' ?ﬁ%er gﬁ(?ﬁ?}é]aeﬁb% 6tdhe enchhfgfn

and 102. Fig. 1025 and 35niaross oTke téregth do avidth ratio of 1i6el armi62 is@pgproxinately
103 and 104 q%\;eoéhe 25 length along their backbones of 16.05 and 17.35
respectively, ~ diameters of circunscribing circles of 9.6 and 9.3

respectively. All of tipgy 7Ais a photograph 70 at 80X showing the novel fiber 71 of
Example 2. The fiber 71 shows oscillations in the azimuthal location of the
walls or arms 72 have a periodicity length 73 which is about 112 microns.
The backbone 74 of the fiber 71 is relatively straight over the 112 micron
20 length scale of the oscillations in the azimuthal location of the wall or arm
72. |
Fig. 7B is a photograph 78 showing novel fibers of Example 2 at
36X.
Fig. 7C is a photograph 79 at 7X showing three novel fibers of
25 Example 2. The numbers 9.79, 7.18, and 8.0 in Fig. 7C corresponds to the
léngth along the backbone of the fibers shown in the left, center, and right
sides of Fig. 7C, respectively. The number 7.7, 6.0, and 6.0 shown in the
lower half of Fig. 7C correspond to the diameters of a circle circumscribing
the fibers shown in the left, center, and right sides of Fig. 7C, respectively.



l engths and dianmeters are in nillineter$ and are the actual values fromthe

unmagni fi ed novel fibers. . ' Fig. 11 shows a frame 110 fram ng a
design drawi ng of an aperture 30 111 of a spinnerette. Thg, 111

i ncl udes t REO B 12 " 113, the WD-98/ 07910 PCRBohiaR
PCT/ US97/ 14861 -27 -

strai ght extending portions 115,116, and the projecting portions 114a-114e
of the circular section 114. The ends 112,-288 are circular in shape with a
di aneter of 1.3W The aperture 111 includes the inner surface 118 of the
extendi ng portions 115, 116 and the circul ar section 114, which defines the
5 channel 117. ThHefiverdtShil tHe éhds 20 @andi R Alsofthé Méhgths ahbadiametsrs #vé i he
extendi ng portiong, 115, 116 are each ﬁ8.75vv The angl es between a

normal to the e@i’ﬂ'ﬂ?‘ﬁ@s #bd @re the agiughvelugs frﬁﬂbﬁ'@c‘t‘ pagnilied noyebfibens; 1. The

"adi i of Curvature of 5 Bos B aPedby SRt B S hplograpns 286 el |

12 shows a phot chowihg teassasectionx of the nbweldibens ahExamplaid. Fig. 8 includesthe

whi ch were spun fram g.spi.nnerette.havi the aperture s ' Fi g.
11 “The- crosS: sdahEa SBlRbihe Vi of the sk 255 aens ¥B2, B3, 84, 85,
from whi ch ext enghd 88. THeq8RGtRY of tHd A8NS shewn iﬂ@'ﬁ% 8lVarydrsth abofit 4on

120a al so includes the projections 123a-123e and has the inner surface 15

127 defi ni ng t hemigrenstq abowe SOmicrens.c A bewjdihsrafitoa arms shows indrig. 8 vary

o e or T SEPE G0 PO A frl S R sd Sl
proj ect between @rneon bPposits sides ofithvé distortdd Heshapedardssigeoions ars 124,

125 at their,_m d-sections is . between and 10 microns. 20 "Fig. 13
shows border1013&’%e|eﬁiﬁt?%1ﬂ@ﬂq %15 NP pt i cal phot ogr aphs at

285X, each show a_cf oy $eil bhdthgfntoyslat Tkitiouthg the novéPIEN S3ddad .

13 shows the cross-se ons 2, 133, 0SS-section
132 actual |y conefdExamplecs sFigeOA showsathe numbersi 572 @nd 6.50 comgispondingdo

i der than the. cRYEHe 578,818 fbeck P AR aed 6/ eltpialttiing i Stpuble o35,

Cross-section 13thesigberd 8:0aandl7. 10 abrriespondifg ta stravturd 98¢ &red alAbees of

the pre-shrunk fiber in Fig. 12. The cross-section 133 is shown delimted
by | "a HByrRaBand BE0Faresheading ipdng ST 30 e WpbRs Ansawess.
Fig. 13 '

numbers in Fig. 9A that correspond to each structure are the length along
the backbone and the diameter of the circle circumscribing the structure,
respectively. All of the lengths and diameters are in millimeters and are the
actual values from the Unmagniﬁed novel fibers.
20 Fig. 9B is a photograph 94 at 40X showing the novel fibers 95 of
Example 3. ) _
Fig. 10 is a photograph 100 at 7X of novel fibers of Example 4.
Fig. 10 shows the novel fibers 103 having the ends 101 and 102. Fig. 10
also shows the novel fibers 104. The novel fibers 103 and 104 have the
25 length along their backbones of 16.05 and 17.35 respectively, and -
' diameters of circumscribing circleS'.c>f 9.6 and 9.3 respectively.. All of the
lengths and diameters are in millimeters and are the actual values from the
| unmagnified novel fibers.
Fig. 11 shows a frame 110 framing a design drawing of an aperture
30 111 of a spinnerette. The aperture 111 includes the ends 112, 113, the



shows that the norphol ogy of the channel shown in Fig. 12 is highly 30
distorted after the shrink process. WO 98/ 07910

PCT/ US97/ 14%®198/07910 - - BBTAUS97/14861
Fig. 14 is a photograph 140 at 7X of five novel fibers of Exanple 12.
The novel fibers are 141 a-1 41 e. The | engths al ong the backbone of the

five fibers are 7.71, 6.93, 7.18, 7.0 and 7.10 mllineters,
respectively. The | engt hs of the cirednscribing circles of fibers
141 a-141e are 6.9, 6.2, 6.3, 56.4, and 6.1 mllimeters, respectively,
all as shown in Fig. 14. Al of the | engths and di aneters are in

mllinmeters and &Haight extending porionsd 15; 4161 anrd the proleu:tmgamrltlbnsdma\/‘te‘l4e

fib Rbat 0 at | fibers
of Bxanpl e 13, Ofthe cifiifler deepit s Prid 8588138112 20 birdilat in SBavmyithi: ¢
backbones of 4. 83|ametbﬁof53W 151e‘55perﬁ1r8111ﬁﬁ6|u@e§3h§iﬁr{ér 118 of the

respectively, and diapeters circumscribing circles of 3.8, 4.1,
4.8, 3.8, and 4.8 Q@U&Eﬁﬂmﬁ;ﬂﬁaﬂﬂséﬁd the cnrculaﬁ@mtxommgwhm definesathet he

{1 om the. unmagnt Pl ot (it Te &he ture s,0.486 furh St atn Ptne™

drawi ng schemat i extending amuohsr‘!as;m%(di'etelaeh 28575\pi meaﬁgtbe bbtweeﬁa The
shape of the aperture 160 is called rture shape. The

numbers al ong t hBOERgHhe extending PPB‘Q%H’QEB@ tm,@rqechon 114eia 0"@ Tbagt h

of each segnent t t th W
of the aperture ?@b%&l%%whgn é%n%g‘@ﬂ%%& \ﬁgmé‘g%%ﬁﬂ%1{€@-ﬁ4e IS 3E| ok
are actual |y angradius obturvatureyofithé eirtuiak sé@honThﬂisr 84v0d 161 of 20 eaCh

segnment is a ircular(#]olievmthadlarreter of 1. Fig. 17
shows a phot tgraph 17818t 128howsa R'?Qiggfaféb‘lz%ﬁ%“%x@ﬂbers in ansasispinber s

1 om (hb. Spi nnor Se: GERGHSTe R 12 SAEREHEI Nt i Bogrurarstidh I

fromthe spi nnerette 1-1004 ures o
shape. The shapeFig. lheThe omswdxondZﬁhcshmwmlrﬁlg 12 hasthe @nded 21h 4 240G

251 o recs: o §hi AXbnE ik BSeGBha A 124, Vs, Warsagoncion
beckbone o1 50 2:2%%%'%d;ms'%%%'tf;é@rﬂ?m*2%%223%@@& il
arns forni ng!? he 12h&efiBing thehannebi2G.nIhe el@ﬂdjngpomonsa% d25)are The
approximately 75 microns longs. The width W of the channel 126 at its
mouth is approximately 55 microns. The projecting portions 123a-123e
project between 5 and 10 microns. A width of the extending portions 124,
125 at their mid-sections is between 5 and 10 microns.
20 Fig. 13 shows border 130 delimiting portions of four optical
photographs at 285X, each show a cross-section of a novel fiber of
Example 12. Fig. 13 shows the cross-sections 131, 132, 133, and 134.
The cross-section 132 actually contains cross-section 135, which is in
registration with cross-section 132. Cross-section 131 shows a channel
25 that is wider than the channel of the pre-shrunk fiber shown in Fig. 12.
Cross-section 134 shows a channel that is much narrow than the channel of
the pre-shrunk fiber in Fig. 12. The cross-section 133 is shown delimited by
a polyhedron including segments joining at points 137 and 138. Fig. 13
shows that the morphology of the channel shown in Fig. 12 is highly
30 distorted after the shrink process. '



30 widths of the channels at. thelr mout h range from between about 20 ‘and
WD 98/ 07910

PCT/ US9.7/ 1
7112
about 5% mﬂggé’ﬁ@”%he two channels at the end of the backbonlgé’l(.),irysys|’01|4$16e1

173 are 'V shaped. The remai ning channels are defined by at |east two
wal | s and a base. The thickness of each of the arns or walls and the spine
are between about 6 and about 10 mcrons. T8 two wi dest channel s, 5
channels 1 74a and 1 74e are defined by, in addition to the two malls and
base, segnents at an angle of about 45 degrees relative to the base and
that the walls that ch1|e¢4 is 8phbtograply 140t WX bﬁfveﬂantﬁbers/oﬁExah fere2.

segnent s connect t se to the | s__of th est annels appears |
in the cross- sect pgerlscare i ')(% T'i‘%'? 5&5\90 bope of thecfive
the novel fi bersr’b&ﬂsareﬁi 6,93 7.18, 7@5\%&97140%.@4&@% ?e%ﬂectmg ﬁ?gth

al ong the backbone or spine f tructures 181 a-
7.10, and 7.56 ré@pﬁbsmmq/cnrwmsqﬂbmgjcmgseffbers141aaﬂ41e|are619;mcﬁ Bpi ng

le f t d 6.8
Fespect i vel y. Sar B4 and G Mitimeieet. sefeckivens at s’ fHovh i Fiod, U oftpe 15
di aneters are inlengths @Rdediametets areir ifllimeters landcaredhe iaciuBl VBRids TFEHthé | ed
novel fibers. Fig. 1 9A includes a border 190 delimting

portions of thrednmagnifieneye)@Pefhs at 285X, each showing a cross-section
of a novel fiber of ,

Cross-section 191 b is 'ghc?(%gé bﬁé’SBrﬁﬁgiéé?ngrﬂ? offn%'g i%smﬁl%&?on
Two of the |ines Thegmvel fbefs 15tm-151e havedér)gtbsillnmgﬂaetr bﬂckbbﬂe.ﬁonBTl%
and two of t i 0 at the point
193. Each Ilﬂg égﬁgsrﬁegge gibinﬁré‘ﬁb %m!'l!mefefg re% Gé‘fﬁ% ?ﬂ&@'ﬁﬁ‘%ﬁ"rsf ce of

the cross-secti oirchfisefiBing difcltd @%mt154f83'3r‘83éhd45 resp'i#@ﬂb@l I g gsl or to
the pol yhedron of |ess ha? 180 degrees. The cross- sect P’onﬂ%Ql ais

identified by thé ﬁwmbarF'wS TAl of Iengmgamqwdmegie_r%are in millimeteesiandi ed
DY e UDer 46 ard o GERBF 55K o A meGrigBE e BB, i
portions of . two - Figpheiogdesign drawiip schematic ehamniapertare160 of kiee
cross- ?eCt | Y3 1 spmneret?e I-1004. The shape of the aperiure 160 is called a "4DG"
aperture shape. The numbers along the segments in Fig. 16 indicate the
relative length of each segment relative to the width W of the aperture. The
width W of the aperture is 0.100 mm. The angles between segments in
Fig. 16 are actually angles, not merely illustrative. The free end 161 of
20 each segment is a circular hole with a diameter of 1.5W. '

Fig. 17 shows a photograph 170 at 464X of cross-sections of as
spun fibers of Example 14 having a cross-sectional shape derived from
extrusion from the spinnerstte I-1 004, the apertures of which have the 4DG

~ shape. ‘The shape of the cross-section shown in Fig. 17 is called the 4DG
25 cross-section shape. The photograph 170 shows the fiber cross-section
171. The cross-section 171 includes walls or arms 172a-172h and a
backbone or spine 173 that defines channels 174a-174h. The length of the
backbone or spine 173 is about 110 microns. The lengths of the walls or
arms forming the channels rénge from about 15 to about 45 microns. The
30 widths of the channels at their mouth range from between about 20 and
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196b of t havess/eM1( . bers of Exanpl e 15. The cross-section 1FSI/U897/14861

i dentified by ‘'t he nunber 35. The cross-section 196b is identified by
t he nunber 12. Fig. 20 shows a photograph 200 at 7X of the
novel fibers 201 a-201 d of Exanpl e-28.- The | ength al ong-the
backbone or spine of structures 201 a- 5 201 dis 4.40, 4.46, 4.41, and
3.69 mmrespectively. The dianeter of the circle circunscribing the

Ztsr gﬁg\?\;\e?nzgﬁot ;)gr ap% g@%%nil The M%r%nen%? gng eé‘d of the Hag:ﬁBSﬁ% 0)‘%% o l

mllineters and ﬁ@at@é\/'ashapdd VEthel eemaéining cmmwsramdéfmb by at leastewel

fibers. 10 21A s vvs 3 sche t|c | | an view of an Y shaped
apert ur e Walls gl A, T Eicigiess, Areachy o the S aravalls @ the piabe

Fig. 21 B) ident Bétwi t ESsnéEs 211
a, 211 b, and Zl?Llféc. een about® %‘?‘%B&géfl‘?g‘rll 9%10 e |neid%%{ angl eé’]%‘f 110

degrees bet weéen cfhmneIS' I134a and 174srane deifined by, dn additiondefthe éwa wallsgred of

125 degrees bet n them The a fi,ne._an_angl e of
125 degrees bet e,ﬁ?&wer{tﬁgt an angle ﬁ?@%?g&%gsiséﬁyﬁﬁ%th%bg SR &P %

The | engths of emaletwé wallle tisatreonfibet the basettbethemltsuwbaﬂter wew g/

Fig. 21 Bis a schematic plan view of the spinnerette 215 identified as

1-1195 showi ng t FROMERtSCANAGtng e Pase ta the wally phihe.videst shannels appears
sp! nnerette 'nClH%?érB s_geéﬁ?pf?lsaperture 217 and the bores 216 in
i'm e Ta ' '

spi nnerette 215. I Ng ce of the spinnerette in the plan view in
Fig. 21 b isl@he flanddgs1s fscaphétbgrapgh 18e at FiXofthe novebfiiers 181a, 181b,

Fig. 22 .sh th t h 2 t J1 h th t .
ZIZ% of aﬁ g\é\sspu% gqﬁég%g@ﬂﬂiﬁﬂg ﬂé‘ 'S?Hga'bg'\ggg = gﬁorﬁgrsp@gforncfuhgg
the arms 222, 22§truém?esz¥é1 aMBiEls Jf'*”l\2e 790 ard 2. BG?egf?&etlv%Kﬁ andfe dlame}er

227. The arms 224 and 222 nmeet at the vertex 228 an fine an an
greater than 1200titherciegumsainibing circle for structares 18da-181c isih4y€.5 amma

moet at the vert sepesyvel(Gat & shEvH i SngREtGBR a0l i & B Jraing Hhe 1
30 | engt h of§ t hdismeters arwip millimeters ahd @re S acwal vhlaes fdhPthe Oﬂmmf'ﬁui‘
novel fibers. ' -

Fig. 19A includes a border 190 delimiting portions of three
photographs at 285X, each showing a cross-section of a novel fiber of
191a, 191b, and 191c of Example 15. Cross-section 191b is enclosed by

20 line segments forming a polyhedrbn. Two of the lines segments of the
polyhedron meet at the point 192 and two of the line segments of the
polyhedron meet at the point 193. Each line segment is tangent to two
points on the surface of the cross-section. Adjacent line segments form an

_ angle interior to the polyhedron of less than 180 de_grees.' The'crbssé

25 section 191a s identified by the number 36. The cross-section 191b is
identified by the number 46. The cross-section 191c is identified by the
number 2. |

Fig. 19B includes a boarder 195 contalnlng portnons of two
photographs at 285X, each showing one of the cross-sections 196a and
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wi dth of tRhe kiR, @t the mid section range between about 15 mAushAkgs: 20
m crons. The arns 223 and 224 have a slight curvature concave towards

one anot her. However, the alignment of each arm does not vary by nore
than 60 degrees. That is, aline that is be al i gned al ong any 100 m cron

5 long section of either of the arms 223, 224 defines an angle of |ess
t han 60 . degrees with any other |ine aligned along another 100 m cron
| ong section of the same arm .Fig. 23 shows a border

235 del i miting p$96b oftheohove!fibers piExamplepts The crossasedtibh 196aisdtentified ng
one of the novel fibers 236, .2 238, and 2 £ .d10.. e 20.
Cross-sect i on 23BY &g \Wé‘"%ﬁfgg %ugg%gecﬁg%ﬁgsgﬁﬁlme%%%e numReri%y e
defined by the porti orFg 030 shéws aPrdtegrapRR0tPACT Xiap e hovd fibers 2o1a41ma
join another is S?EKOXI matel ﬁ,BlSO de rees. The remaining two ang

defined by the p ample5s edemsthm thesbackhone mne\ﬁés@muf@azmm

2175 eaci | eapien bl 4 TSHETS b SHY, SRR ine T
755, i, i e ey 2011 110710 3 230
degrees. The ar nEesRectivelyyal ?F@BQWQ:S@P(?‘?ERQrGEﬂ?%ggaﬁbPéQe ergthe @ about
120 degrees. Cr Oilﬁarﬁé@?é Efé I?ﬁ’ﬁlllirﬁetﬁpé’ﬁﬁd%%'tmﬁetu'af‘ r er%gfg é’ﬂnmégfliﬁe%p

| engths of the arns e cross-sections shown I n are ween
about 210 and 35@owekfibers. The wi dths of the arns of t he cross-section

shown in borger 235 at..th sect | t h t wee ut 8
and about 16'%icrons. F19 51K shots % sq%' é}'&"ﬁaﬁgw Bﬁﬂ%‘%&ﬁﬂ?%@e’g e7X of -
the novel fibers dééfgnegnd fo?the aﬂé'rtﬁrfesf_ébeﬁlrﬁﬁretTé]E‘!?m Flgam@é idértified

backbone or spine of structure 247, are

oepoot tvel v Prhasdr it e apertue 210 Includes.arTiRat 1% 21 b Ang & eagcofThe
o he. anad an S A 2110y angleor. 1 F5Begfeek Bakwothingl. | e,
from t he unmagni arme 21{dacdnd 2 bty define an angle of 125 degrees between them. The
15 arms 211b and 211c define an angle of 125 degrees between them. The
width W of the aperture is 0.067 mm. The lengths of each of the arms of
the aperture 210 are 150W.
Fig. 21B is a schematic plan view of the spinnerette 215 identified as
1-1195 showing the ten'Y shaped 'ape'rtures 210. The face 218 of the
20 spinnerette includes the Y shaped aperture 217 and the bores 216 in
spinnérette 215. Delimiting the face of the spinnerette in the plan view in
Fig. 21b is the flange surface 219 of the spinnerette 215.
Fig. 22 shows the photograph 220 at 115X showing the cross-
section 221 of an as spun fiber of Example 20. The cross-section 221
25 includes the arms 222, 223, and 224, which have distal tips 225, 226, and
227. The arms 224 and 222 meet at the vertex 228 and define an angle of
greater than 120 degrees. The arms 222 and 223 meet at the vertex 229
and define an angle of greater than 120 degrees. The arms 223 and 224
meet at the vertex 230 and define an angle of less than 120 degrees. The

30 length of the arms range between about 216 and about 310 microns. The
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Fig. 25 isWOSYMHMhti c 250 of a design drawing of an apert ureHPSY7Hds6!
spinnerette identified as 1-1198 used to nake the novel fibers of Exanple
21. The aperture 250 includes the two short arns 253 and 254 and the two
| ong arms 251 and 252. The width Wof the apdrture is 0.067 nm - The 5

|l ength of arm 253 is 40W The length of arm 254 is 80W The length of the
arm 251 is 196W The length of the arm 252 is 183W The arns radi ate

froma common powitth of t¥arng abtfe mid Sédtioh tangerbatwaeh out 1BSarid eb&iRTd
arns forman angle of 90 degrees and the.tw long arns form an angl e of

90 degrees. 10 MmicronsriThe arms 223 2and 224haye »slight auratyre coreavetowasds aphs
at 11 5X, each: | t IQ0S, - f

novel fibers of @%ﬁﬂ?g@ﬂ %@%"’ gﬂ@‘%@@ﬁ%@? bgg&c%gn%'?ﬁts%ylo’bﬂge ar ns
aBd t wo sho(r]I t grthan 60degrees. Thaﬁgdﬁ,faslinﬁtﬁahis béstraligaeﬂmltlmg anf/ﬁommﬁtm?n
about 35 an out 70 j crons. The of the |on ms vary from
bet ween about® 13 ngrpctign °§§g]"ﬁﬁ Qgﬁﬁ@mﬁﬁ%%?ﬁ"% FBQ% %:'ﬁ%s Mant 6@
md sections var jedfyeshith any othet iiktali8nad Gidkpahothlr 100 iRFon B ddfiohnO !

arns are adj acent another“with no long arminterveni-ng between.
them Al four affihessara@arm. froma comon point in the cross-sections,

whi ch h [l f g kb [
Bong the Tengih of t FIATERws 8 bosyer 285 Yeliiifo berRBNE ot 83610 BB G0RaihS, 5.
at 7X of novel fabe1 X 2848h sioldiRg one of theé Tdveirfibers @365-237Ph 88 2dnd 289 of

| engt hs al on&lt he backbone or spine of the structures 271 a-271 c are
8.68, 9.33, Bhd Example0; &spss-seciion 23Gshows thregarms236a,236tand 236¢.

[ I bi rRGl : Y/ d
6. 0 rm respoct | voF ol fieftléd By tieBodibhs 37 1€ ofin ¥3Ba ankt 286¢ where thodk
mllinet er;'s1 and arms jdin amo}]hellis gggm?nitg)tymsﬂ?r?gmagnTmé _eetnah'w%tvvb anagles
Fig. 27B shows a phot ogr at. ove er a,
279b, “and 2730 oreme By Bepdtiens of He s a36ene3pnich285a where dupse ams
m crons over whi {bZI? BRe edéh lBEsHPén %bblﬁf'QGFdeQPe_éH. Ttﬁ*@liﬁ\%é *ali%r?e’ij WRARAE Brin

under go one conp e sinusoidal oscillation in azimnmuthal position.

98/ 07910 156  236a and 236¢ along 100 micron sections thereof vary by more than 60
PCT/ US97/ 14861 degt:ees. Cross-section 237 includes arms that define the ve&ices 240,
' 241, 242. The arms of the vertex 238 deﬁhe an angle of about 180
degrees. The arms of the vertices 239, 240 define angles less than about
120 degrees. Cross-secti_on 238 is shown enclosed in a polyhedron. The
20 lengths of the arms of the cross-sections shown in border 235 are between
about 210 and 350 microns. The widths of the arms of the cross-section
shown in border 235 at the mid sections of the arms vary between about 8
and about 16 microns. ' -
Fig. 24 shows a photograph 245 at 7X of the novel fibers 246 and
25 247 of Example 20. The length along the backbone or spiné of structures
248, 247, are 14.92 and 13.90, ;espéctively. The diameters of the
circumscribing circles of structures 246 and 247 are7.7and7.8
respectively. All of the lengths and diameters are in millimeiers and are the
actual values from the unmagnified novel! fibers.



-33 - E Fig.- 28A-B illustrate the definition of the singl'e
fi ber bul k factor which is the cross-sectional area of the channel s

divi.ded by &WjgoghREs- Sectional : area of the fiber. Fig.
fiber cross- sec??on 280 having a width W and arns 282K&gwaﬁd
282C having distal tips 283A, 283B, and 5 283C. The arns 282A, 282B, and

282C define the cross-section channel 3 areas 281A, 281 B, and 281 C.
The cross-sectional channel areas 281A, -32- 281 B, and 281 C'are defined
by the straight |ines segnents tangent to the distal tips of the
arnms and the surfaces of the arnms. A determnation, in arbitrary
units, of the cross- sé"um2>$1|5aa§ahematl¢1856w&mms;grpdmwmg@fan apeftureﬁn the®
225. A determ na I r 0Ss-
section 280 pr ov%g@lg'eggnﬁéa@gﬁﬁ%éﬁiqgf'?gq‘%ggrtg 'ﬁﬁ??e{@& eéﬂB ctor

for the cross-sel] am&aﬁertwem:ﬁeluaeatﬁetvﬁuehoﬂ@nﬁmaﬁdnzs&ldmm@rms-

section 290 and he cros sectlonal area of the channel 291 in hashing

Det er mi nat i on, r@rgnﬁ 1 apdids2. 'BTeWPFg Wl the apﬁﬁuﬁﬁr@%O@EmMOm’lﬁ t he
15 h el 91 I f

orovidea 0 % %@W% 283 18 SOV TR IERGR A2SP s G Yhe ieiBlh o e
the single fiberatml261 is 196W a'hedengtbrogmngarrﬂfﬁdz ||s 1B83W. The arms radiate Fi g.
29 i h ti ction,o i ber ol i i ne) encl

e sogment & AETOBLS CORIG ROk 3t S0 dagiees five ta o aneher pdhatyoghorbo”
B, C, and D. Theahhﬁ%mﬁﬁ%?v;g‘tes 8rPoOe réé%eari@tﬂétﬁv@loné’arﬁws faﬂﬁéﬂmsgqlb;bze

the channel regigns Al and A4d. The arns 291 and 294 neet
end of base 295. 99KiegEees 292 and 293 meet at another end of base 295.

of novel f108s thar riotRis R phetocopy sERARRRE of ok Si@RRRpa g RN o

cross-sections. Ehewmg/Me bf lbﬂrcroswsectrons 261a720¢f ofa noveéltfibers of Examlp
"spi n-shrink-1ub Pol y( et hy] ene terephthal ate)

(PET) pol ymer hatin ﬁa&h SrRR%SeRion smtamsstweépﬂg grngarist twe shprhatms.o The
Tiderr] vas usefsngts ¥PtheSHoPHAMS Farydrdi 'behfeen about’$5 2RGEEMLY 70

PCT/ US97/ 14861
microns. The lengths of the long arms vary from between about 130 and
15 340 microns. The width of the long arms at their mid sections vary between
about 8 and about 16 microns. The two short arms are adjacent to one
another with no long arm intervening between them. All four arms extend
from a common point in the cross-sections, which means that all four arms
extend from a common backbone or axis along the length of the structure.
20 Fig. 27 shows a photograph 270 at 7X of novel fibers 270a, 270b,
and 271c of Example 21. The lengths along the backbone or spine of the
structures 271a-271c are 8.68, 9.33, and 7.35 mm, respectively. The
diameter of the circumscribing circle for structures 271a-271c are 7.1, 6.7,
and 6.0 mm, respectively. All of the lengths and diameters are in
25 millimeters and are the actual values from the unmagnified novel fibers.
Fig. 27B shows a photograph at 272 at 40X of the novel fibers 2733,
273b, and 273c of Example 21. Fig. 278 shows the length 274 of 200
microns over which the-azimuthél orientation of the wall 275 appears to
undergo one complete sinusoidal oscillation in azimuthal position.



-34 - ' at. a polynmer concentration of 0.50 g/100 mlliliters (nL) in

a m xture of 60 wei ght percent (W% phenol and 40 w %

tetrachl org The pol yner - was dried to a noistur | ess

t han or eqangFg%39003 Ww%in a Patterson Cbnaforn1dr§gbﬁﬂﬁﬂdﬁl

120[err]C for a period of 8 hours. The pol yner 5 was extruded at

282[err] C through an Egan extruder 1.5" (38.1 nm dianeter, wth a

length to dianmeter ratio of 28:1. The fiber3&as extruded through t he

38 orifice spinnerette 1-1083, wherein each aperture had the generally "H'

shape shown in Fig. 1. The quench air system had a crossfl ow

ignf:ggratlon The quiEugcgaA»B lliwstratemwifumdﬂh_ﬁlﬁn lb{)ﬂﬁeawflaﬁtérpmi&hnﬁ
ubri cant was plied via ceramc Kis e lubricant |evel on the

s16e dhehgenelssi

fi ber wasiSB8 Gross-aemiona vidgddythe Q"Qﬁ'ﬁeﬁl‘ml as
spun were aaaatmnﬁtﬁba? . bﬂr&%a'ﬁby‘&nﬁas@@é&n% RaviRg SL
w nder . Fig. 2 shows SS-sections o e as-spun ft1bers©o npl e
1. The as- WamamsmAhaaza ahd 282Cahaving distdl tips 283A4,283B, and Thirty

k f fdb d i nder.. ff Lt f -
Do e kg T3 Thetdime 224, Yt et € %ehing B¢ Lrpssesaction hannel 5
packages) and drae@s@BIA, imaabhddzaw PNE Brcids-gdlioPial tharkrd] 2pedd DHYRS. The

fibers were shrunk in the dryer. A spinning |ubricant was sprayed in an
anmount of 0.8 w38t an:b%b@a&etd@f neﬂ@yttbwsnawrﬁéaas@sgwmmgem ke the 20

fibers were cut ver
di storted and vve(tihgtar}g'ér es% E{rﬁgéﬁgft ﬁgg@“?c?s-rgﬁﬂe %Hf“ %&%ﬁh&'&ﬁ\)ﬁnt | o%.
ghe conposi t :c 0{1 albltsalirlyrumtsgof mbroroestxsemggreﬁlgym%fmghnd& m?ﬁrels an arela of |

i spersion o 0 Q i on sol i ds e ene co
(20) sorbitd AN IR EAG0OR OF Ui GTosaSeEtionahaTea o 4he JST Y DRATOR o m
25 ethosul f at e. sectlon 280 provides an §iFofBE hﬂg?re?&‘ée ;'l]heé7 F@gg t%ﬁ@ﬁ :}tof)er .

novel fibers at differe positions ong t
As apparent fronforithe cmsst-sw;tlonﬂﬂﬂls 225/60 = %&cFig;rﬂBBas!mo\Ms the fiberacrioss! e.

The shri nking st i ted.the cross:.secti di tortlon S
characteri zed bygfq%n;é@ﬁ?& tneaﬂ'é)éscﬁeﬁ'B??l %’ﬁaﬁgé@% Fh?@@%" ﬁ"
98/ 07910 Determination, in arbitrary units, of the area of the cross-section of the
PCT/U897/148%} ) . - -
1 channels 291 and the area of the cross-section 290 of the fiber provides
225 and 44, respectively, in arbitrary units. Therefore, the single fiber bulk
factor for Fig. 28B is 5.1. |
Fig. 29is a schematic cross-section of a fiber (solid line) enclosed
by line segments AB, BC, CD, and DA (dashed lines) betweén the points A,
20 B, C, and D. The line segments between the points a, b, ¢, and d enclose
_ th_e channel regions A1, A2, A3, and A4. The arms 291 and 294 meet at an
end of base 295. The arms 292 and 293 meet at another end of base 295.

EXAMPLES
25 Example 1 -

'Example 1 discloses the preparation of novel fibers that in the as
spun state have H-shaped fiber cross-sections. The novel fibers were
made using the "spin-shrink-lube-cut" process. _

Poly(ethylene terephthalate) (PET) polymer having an inherent

30 viscosity (IV) of 0.70 with 0.2% TiO, was used. IV was measured at 25°C



and (2) a long-range distortion factor (LRDF). These di stortlon factors are -
measured as per procedure described hereinbel ow. Figs. 4A .
and 4B showcp;b%?gg,r aphs of the shrunk and cut fibers at pcr/[fsgh/mdl 40X
magni fi cation. e structural properties for the novel fibers of

Figs. 4A and 4B were a dpf of 33 (36.7 dtex); staple cut length = 1/4 (6.4
mm); average |length along the backbone contgxr L[err] = 8.2 mm average

di aneter of circunmscribing circle L[err] 9 nm SFBF = 2.7; SRDF = 26;
and LRDF = 0. 15. The absorbency characteristics for
the novel fibers of Exanple 1 at a fiber bulk density of 0.0393 g/cc
were as foll ows: a%@@WB@f(S&ﬁn@ﬁmI@t'@ Qf 050 g/10Q.znilbiitegs {mbi in awixtugeiof §Fse of

0% water rel easg, ned
as the initial F@hoﬁ Péeﬁ?“@s@&%’ﬂ?‘o duﬁ)‘h“" tetrF F@g{&tﬁgnﬂ %%]spﬁﬂﬁ%b t he
liquid in grans was drieddod mofsture |ével/ ofdess thath dr(etjua) ta 0D03e d5 a

the average rate_of initial water abso:z%rl on duri n 2nd 3rd,_4th, and 5th

15 1iquid i nsul Pattersenesonafagma dryerratd Hpea Perio )Of& qurs. Jiheeolymerai | s

i o aa showd o Yo eryear af 2BPHCOleh I Rind iy & fagsa it i

were the neasur e@itha@ leagtH @ dibfMetdraatsd bf 2Bl The fibenwat kxtroded iervuighfthehe
fibers to which they are adjacent. The nunbers in the |ower portion of the

20 figure were 3@@“59@&%’@9"@{%’? P83 rwherein aach ppertre had the oereraliy pdtt i ve
fiber. For ﬁlaﬁé(gﬂmﬁ’ln ;-_-i;)e ; Wg{r}é?&gatlggs@ﬁ] ggﬁeérg%gﬂmm si de of

Fig. 4A had L[err ore the LRDF) =
(L[ err]-L[err])/ thufiguratiorf. 7THe qaelh aimelocwywesabouﬂm ftimikate. sA, spidring
LRDF, for 504| bFrs wey e rreasble%cg and ave%lisged t

h
ooy nge LroAd o KRR Wad Bppiedyiataramic kRS0 & Tne Risficint level on the Sker, 5
shows cross- sect {yagatiut DIBOWBYSHAight Pibe@(mgdbfii%Gdtex) as 48drwerach

cross-section photograph was circumscribed by a pol égon as pe
procedure descri weuntdat 2200meters per mm:teémlmwarqma afmbeswfﬁlswmder

oot onal 2 e ok ook e S G AL sh AT RMET | EFRE 1.

t he area 30 esplvfibdr had eshape!factor d£4.0% the pol ygon and the pol ymer
|Satcrrf Etsgrwel 450 V‘I\gr)m%§3 /pgzkages of fibers were made on the Barmag wipder. Doff
time for each package was 5 minutes. The undrawn fibers were creeled (all
30 packages) and dried on a hot-air dryer oven at 200°C for 5 minutes. The
fibers were shrunk in the dryer. A spinning lubricant was sprayed in an
amount of 0.8 wt% on the tow after the tow had been dried. Then, the
20 fibers were cut to 1/4 inch staple lengths. The resuiting fibers were very
distorted and were representative of novel fibers of the present invention. .
The composition of spinning lubricant was a 10 wt% solids water
dispersion of the fbllowing composition: 98 wt% solids polyethylehe gIYcol
(20) sorbitan monolaurate and 2 wt% solids 4-cetyl, 4-ethyl morpholinium
25  ethosulfate. |
Figure 3 shows seven cross section of the novel fibers at different
positions albng the length of the fibers. As apparent from Fig. 3, the cross-
 sections are highly variable. The shrinking step distorted the cross-section.

The distortion is characterized by (1) a short-range distortion factor (SRDF)



cross- secti on-nunber 2, Jerr] = 8450[err]. The'ratio Clerr]/Merr] 'for

Cross- section nunber 2 is 1.94. The Cerr]/Merr] ratio was

cal cul at ed WOI9SBDIEr 0oSS- sections, and their average Y@Q"H??"]’l)“s@nd
standard deviation a determ ned for- the 50 nmeasurenents. The SRDF is
defined to be the percent of the 5 coefficient of variations of the
channel s' cross-sectional area to the -35mterial's cross-sectional
area, or SRDF = (o/X[err])*100. For the material of Exanpl e 1, SRDF
is 26. Exanpl e 2 10 Exanpl e 2 di scl oses the preparation

of novel fibers Bﬁaif(lﬂg% Jong-range di§{b?f?&9'ngédéé8§{L§:§@ZS‘rﬁé‘§é §igtdriidn FiioASarsP N

state. These nove
"spi n- dr aw shri nmeasueed as 'pep prosstiure described hereinbélbow. ext r usi on syst em was

the sane as in Exanpl eret entified as 1-1042
having 46 apertures wi eﬁ'ﬂst%&agﬂéﬁes ‘pho @raaf’ﬂﬁt&l%#y ﬁgagﬁcﬁmﬁi’@fs Btg. 5
was used. PET hayXghdr40XYn nlﬁcgtﬁ:ri’"a‘Fh? structurél-ﬁépefﬁBS f&%fhb%\%?ﬁ ers of

tenperature was 286[err]C. ench air ow vel ocity was t/mn

whi ch corr espdnd&ips. dAsandb4Biweresd dphohas (38. 7 Hex); staplﬁctsﬂfdengtMg 1I4” (6.4

i i n. The as- sp I HaYErogR prgtt Horg e bR Rebf Rl Lo S0 i Afrage 20

11.2. Forty paCkwﬁe@?o?ciﬁ‘btﬁm&@'uﬂﬁéfcwblenﬁ %@mm@FBFfEZ?h@@F&CQS’rand
of the as-spun fiber_was 96. The rest of the fiber extrusion process was

the sane as desclRRF=i Exarrpl e 1. As-spun fibers were
further processed on | - Al
tow was drawn in a vva'?'gﬁé)éb c?ra‘épc;?g?e”cf%?ﬁlcsfo ngvdr%zﬁbé& qﬁ%ﬁblf‘lggx
The tow was 1@d tadfi héld)uﬂademslt}wﬂo 8892 ¢/cc wéreasfalkbwshabsm'ruency of 10.9 dr aw
roll speed was 45 erin t Was us

renove excess vvat“@qi%%l?ﬁf't’fée B%&?Q%Wé‘ Eﬁ?? ?%Pf?ﬁﬁur% ggé&%é’&

to provide rotat iogngbj: Rc@ﬁhéé'a@ﬁe%ﬂfél%té Bf Wt a’bsBPdtr@i uptﬂYﬁHé firsta
tenperature of 196] err or m nutes. The | ubricant of

containing 30 Imiwmhﬁdiquﬂ irngramoper seeend) of Bds/ gbegyaud aﬁge(ldelflned as
fj%ef - The Tiberg,e average rate of initial watér Cgtgs%%t%r}éﬁﬁ&g %?dgilcp and 5th

15  liquid insults, (R2+Ra+R4+Rs)/4) of 1.7 glsec. Details of measuring these
absorbency characteristics are discussed below.

Fig. 4A shows six individual fibers. The numbers in the upper row
were the measured values for the lengths L, along the backbone of the
fibers to which they are adjacent. The numbers in the lower portion of the

20 figure were the diameter L, of circle circumscribing the respective fiber. For
example, the filament on the extreme left hand side of Fig. 4Ahad Lo =
7.74; L, = 6.8; and therefore the LRDF) = (Lo-L{)/Lo = (7.74-6.8)/7.74 = 0.12.
Likewise, the LRDF, for 50 fibers were measured and averaged to obtain
the average LRDF for cut fibers of Example 1 of 0.15. | _

25 Figure 3 shows cross-sections of the materials of Example 1 at
111X. Each cross-section photograph was circumscribed by a polygon as
per procedure described for SRDF. Material Area, Mares, is the cross-
sectional area of the polymer structure. For the cross-section identified by

_ number 2 in Fig. 3, Marea = 43462, Channel area (Carea) is the area
30 enclosed between the sides of the polygon and the polymer structure. For



were cut to 1/4" staple length via a nodel 66 cutter. Fig. 6 shows t he

Cross- sections of these fibers. Note the variations in the
Cross-secty wn in Fig. 6. Fi gures permmynfaBé C
show opti cal ographs at 80X, 36X, and 7X 5 magnification for the
shrunk cut fi bers for Exanple 2. The characterization of these
material was as follows: dpf = 9.8 (10.9 dtgx),; Cut Staple Length =

1/4" (6.4 mm); Avg. Length along the backbo , Llerr] 8.3 mm Avg.

di aneter of circunscribing circle, L[err] 6.7 mm SFBF 2.0; SRDF = 27;
and LRDF = 0.18. 10 . Absor bency chara eristics _for Exanp le 2 at

0. 0393 g/ cc dendfrpgs-section pumben2, Eokd DREE0 sEF%éﬁ@CteJMaaa @DI’I-Q[T@$$-] Qg;

Vét Coll apse ( /oﬁecgﬁrﬂ\é&nber 2is 1V\§Ee"l'héx%ea arag rﬁéo%ls calé&a%(& pg%@ érlass 25.1

g/ sec; and R err
di scl oses the prsaotions; amd tHeimaveragé (Xg) and:l:siand;rd deviationsh detetmindd:for

- ti ' t t t T, d ' th
apinahr i nk. | uBBOER MeppUEEAEtas The SRBRF delined 16 b8 hS percentied e ;g on-
system was t g esa#gﬁ- %% . d,lﬁlnthis
Exanpl e was PET 6‘9%% r?ggpﬁ%gfg{tetecéﬂaurgycross sedif&h_&[‘ﬁfe 1083 with
38 orifices. Extmatarmﬂsmsmtmal area, P8 SROF FCCQD(av)*1OOQEm¢he matefialoof
corresponded to Q.70 jn er ~pressure drop (air velocity of 103
ft/mnute). Spi neﬂ(qu‘euﬁﬁ%g t™¥8s the sane as Exanpl e 1. Take-up
speed was 2200 m m n. As-spun dpf = 24.8. Total package denier = 944,

Shape factor of as-spun_fiber 3.28. The rest of the fiber extrusion
process 25 was sBxamale Zescri bed in Exanple 1. Thirty-nine packages were

spun with a dof f é&”{h ers wer-e
further processed on gx%h'\fk‘feﬁr%gcl% %a:regaratlonofnorvgl ﬁ?’%ﬁ%@aﬁ 1 95[err]C
for 5 minutes i nshdpediityerrcrosssectivn inthe as spum'staiendgriese novel fibeeswersvel

e are 152 2 P mhoha vha Ao SRR ISl pross | o7 of the VO
PCT/ US97/ 14861 The extrusion system was the same as in Example 138The
novel fibers. Figure 9 shows the tical photograph of the novel fibers at

spinnerette identified as -1042 having 46 apertures with the shape and
15 dimensions as shown for Fig. 5 was used. PET having an IV of 0.76 was «
used. The extrusion temperature was 286°C. Quench air flow velocity was
68 ft/min which corresponded to a AP of 0.30 inches of water. The spinning
lubricant was the same as in Example 1. The take-up speed was 1800
m/min. The as-spun fiber had a "H" cross-section shape and the dpf was
20 11.2. Forty packages of 7-minute doff time were made. The shape factor
of the as-spun fiber was 2.96. The rest of the fiber extrusion process was
the same as described for Example 1. -
As-s;;un fibers were further processed on a tow line. Forty ends
were in a creel. The tow was drawn in a water bath at 70°C at a draw ratio
25 of 1.84X. The tow was fed to the water bath at 24.5 m/min and the exit
draw roll speed was 45 m/min. A de-watering air j'et at 20 psi was used to
remove excess water from the tow bundle. The tow was further processed
to provide rotationally constrained shrink through a hot-air oven at a
temperature of 196°C for 3 minutes. The lubricant of Example 1 containing
30 80 wt% solids and 20 wt% water was sprayed after the dryer. The fibers



7X and 40X magni fication. ~ The characteristics of novel fibers
were as follows: dpf.= 55 (61.1 dtex); Cut Staple Length = 1/4" (6.4
), Avg. ha®eddhesd ong t he backbone, 5 L[err] = 8.7 mm ARET/USIHA86d, of
circunscribing circle, L[err] = 6.8 nm SFBF = 1.6; SRDF = 32; and
LRDF = 0. 20. Absor bency characteristics at 0.0393 g/cc
density were as foll ows: Absorbericy_3—7_7. 1 g Herr]Ofiber; Wt
Collapse. = 11.1 % Water release at 1 psi = 26.4% R err] = 15.5
g/sec; and Rerr] = 1.1 g/sec. 10 Exanpl e 4 Exanpl e 4

shows the novel fibers o resent invention to 112" st apl e
| ength. These n¥RER ot Eb%’é‘pég@? thyia g &l&eraﬁég-\lﬁeﬁ@‘@mthgcmss’ to

1/2" staple | ensé&iar?ss?sia@gsefﬁbys‘}"Négg@bevdg@ﬂgﬁa wiheEé%%Bls%caonEsaugvﬁ in0

15 shows these _nove rs at /X Ssic aracteristics of nov
fibers wlig Bs follows: dpf = 55 (61.1 dtex); Cut Staple Length =

di ameter of ¢ rcursciTRAtRG 7o B, 308 o BpfipdioraorBiphs of oK.

SRDF = 29; afd widignificatiordor the shrunk cut fiberdfop ERample 2h R éifdrastdrizatioh t he
novel fibers at 0.0393 g/cc den5|st:fx‘/3ﬂ 20 were as follows: Absorbency = 6.6 ¢
ows:

H err] 0/ g mat er Phthesgematasial wgsea dpf = S.8¢1Q.9 diex)ebut Staple psi =

26. 9% = o - AR . A
Exarrp(lj eR[Se; [11)\/\/5 |'t% ﬁgfh ab ?Z%b@c{}{ n]'ca’] gl\rvg'c ? 8?9%’} ?lggg 5’?&?%%%99@%?{ IA§§)‘
pul p suffers fr diameign ofeircomtriting cirgie)d., =67 SkBFer 2. SREF w@Ter

pressure (58. 3% at i), ,Absorbency characteristics of fluff pulp at
0. 0393 gPE‘E’ Ié%ﬁéi"t?-mere as follows: Absorbency = 19.6 g water/g

Rerr] in 1% o ARESES cRELRIE Y SEURER S0P o1 cec
30 WO 98/ were@s follows: Absorbency = 15.2 g H20/g; Wet Collapse (%) = 1.7%;
Excl/ngf'gwelél%l Water release at 1 psi = 30.4%; Ry= 25.1 g/sec; and Rayg= or glsec.
Example 3 _
15 Example 3 discloses the preparétion of novel fibers having
H-shaped fiber cross-section in the as spun state. These materials were
made via the "spin-shrink-lube-cut” process as in Example 1.
The extrusion system was the same as used in Example 1. The
~ polymer used in this Example was PET of 0.76 IV, spinnerette used was
20 H-shaped I-1083 with 38 orifices. Extrusion temperature was 282°C.
Quench air flow corresponded to 0.70 inch water pressure drop (air velocity
of 103 ft/minute). Spinning lubricant was the same as Example 1. Take-up -
speed was 2200 m/min. As-spun dpf = 24.8. Total package denier = 944,
Shape factor of as-spun fiber = 3.28. The rest of the fiber extrusion process
25 was same as described in Example 1. Thirty-nine packages were spuh with
a doff time of 7 minutes. o |
As-spun fibers were further processed on atow line. The fibers
were shrunk at 195°C for & minutes in the dryer-oven and cut to 1/4” length.

These novel fibers had a dpf of 55. Figure 8 shows the cross-section of the



Exanple 6 fibers were made using the novel fibers of Exanple 1 . ‘and a
super absor bent pol yner (SAP) precursor solution available from

Camel ot Superabsorbents, Ltd., of Calgary, Al berta, Canada.

5 5,151, 4@50%’0331 %ses uncur ed pol ymer conpositions that caﬁggﬁmﬁe{g@ﬂ nt o
fibers using conventional fiber-formng processes and cured to- produce

fi bers capabl e of absorbing at least 60 tines their weight of 0.9% sodi um
chl oride solution. The SAP precursor was i-d¥htified as Fi bersorb SA 7200,
CTS-HWN Based on Canel ot's MSDS and patents assigned to Canelot, 10 the
conposition of SAP precursor solution was approximately as follows

74.5 w % wat er, novebfiber® FHigure Sehows thBOpAticEl phbtdhrapPobtst Hovel fibers at
Hydr oxi de, 0.6 % d,Y, ol nd.0.4 wt % Trade Secret 4803-02.

The conposition Fﬁiéﬁg 9?@@%3 01 is believed to be a

copol ymer of mal eic anhaehafai:téﬁyi.cs%?%wl'wswerégéarhuéw.%edoqf U 5gyefhy. L he

15 two noted nononers. Typi cal 'ecul ar wei ght r‘\Is’in the

range of 200, oo@texi So Staple Lemgthe s iid's(6:4 omm)pAv: langtb;ainngthmmnes
Kk b I l.i nk whi h
PSJI[’lCt Pg\rllmof g} yCcer 0@7 ,1nH.|Q A{(%e%m%-]gtgggf'&[ ’ﬁséffm"‘@ﬁ“g@aﬁ??%s I C%ﬁgﬁ: tShr6unk

to 33 dpf was sp.GySRDH £ 32; 28Ad ngmQQS% SAP precursor sol ution obtained

from Canel ot. The stg&gln mat eri al was sprayed with the SAP
sol ution and was dri SRCY, pharagteristics at 003939/¢¢ density wereras follews:The

cur od sampl o s TTRREY £ 7 E6 HPOMpo VG Gt < 1.1%; Watdh IG5 ot (°
testing. This prpstel6.4%; RykFn§. 519Aseb and Ry ehabseccoating 25 the

grooves of t‘ e fiber vvith a superabsor bent pol yner. Coat i ng
the grooves Wi th SAP-hel ps in permanent storage and di stribution of
bodily |iquids ipx argoent products utilizing these novel fibers.
The novel fibers had theoretically 5.25 g of SAP coated per 50 gr ans

of the starting fi berExamplesd shews dreneveltfibers of present invieation Tubto 8211 t s

30 of the absm%ﬁﬁt THes8ncVel fSsts Yr§ Tndtfd'SS iy Eg(gmp‘eh 8, LhdWerl 'O

wer e as
PCT/ US97/ 14861 to 1/2" staple length instead of 1/4” staple length of Example@ Figure 10

1205 8l paes el o St v
g/ sec. were as follows: dpf = 55 (61.1 dtex); Cut Staple Length = 1/2 inch; Avg.
length along the backbone, L, = 16.3 mm; Avg. diameter of circumscribing
circle, Ly = 11.9 mm; SFBF = 1.9; SRDF = 29; and LRDF = 0.26.
Absorbency characteristics of the novel fibers at 0.0393 g/ce dehsity
20 were as follows: Absorbency = 6.6 g H,0/g material; Wet collapse = 0%:
Woater release ét 1 psi =26.9%; Ry = 12.9; and Rayg = 0.9.

Example 5 (comparative) _ .
Example 5 shows the absorbency characteristics of fluff pulp. Fluff
25 pulp suffers from high wet collapse (25%) and high water release under
pressure (58.3% at 1 psi). Absorbency characteristics of fluff pulp at 0.0383 .
g/cc density were as follows: Absorbency = 19.6 g waterlg'ﬁber; Wet
Collapse (%) = 25%; Water release at 1 psi = 58.3%; R; initial rate, 1st
insult = 25.2 g/sec; and Rayg = 2.5 g/sec. |
30



Exanple 7 5 The starting material for Exanple 7 was the novel

fi bers of Exanpl e 1. 210 grans of 5% SAP precursor solution from
Camel ot wasyo og/g7910 SPrayed onto 50 granms of starting nater. aBdCTOSENagRay ed
sanple was dried - in"an oven at 120[err]C for 80 m nutes and further
cured at 195[err]C for 16 m nutes. The resulting novel fibers
theoretically were 16.67% SAP coated 10 05983 33% base material. The
novel fibers were fluffed in a bl ender and stored in zip-lock

pl asti c bags for subsequent absorbency testing. _ The results
of the absorbenCé testing at 0.0393 g/cc density were as fol | ows:
Absor bency = 26 xﬂ“ﬂ[‘é Br1ag; Wt Collapse (% = 0% Water rel ease

T Sk e ML BEIS by 955 ol
starting materiaénda super_&ﬁorbemﬂmlyrheﬁ%/&ﬁ?pwmsmrsmmm availablgfronspr ayed
T200err1 & for 165amelok SUeEnsTRents, Lid, 6f Caliist ik AlbERnCangds: MiBepat e
resul ting nogel 5|115qr435 813108k 9ﬁb+ﬁéd %ol}!mepégm%%sﬁ ﬁﬁa%ﬁé n?a@%?hén der

wei ght starting matefial. The nove wer e
and stored in plﬁmrsmsmg)comntlpaglsf ber-forming processasand cated)tdqmnd;acaas

f tl t
eaul ts of the AoBrianaDs ALt dhibind i et B0 pipes sREEURIGHor {% shefum
follows: Absor bed@lbnde%luhoﬂ H[hﬁSA@'p}ecM%br Wald iaeasfidd/as Fibersorb S07204 er
release at 1 psi_= % Rlerr] = . and Rlerr] = 3.0 g/sec.

Exanpl e 9 CTS-HMWB|9eaﬁ§§ Qﬂ Cﬁmﬁl$ %Mﬁ@%ﬁadtn?éem\&asmasbto&amelot
Exanpl e 1 (33 dpfhe c’:ﬁmé@sx i 8F QA%dg@Fhﬁgfgmoﬁ%és Webfoxifdfen) Bs Folfthid'der

and the resulting nmate
PCT/ US97/ 14861 74.5 wt% water 19.5 wt% Trade Secret 4802-01, 5.0 wt% Sodium

ﬁf;ﬁd;ea,tereg Ig;téﬁa&’r"? ,% aﬁx)oaélycero ahd Se‘P ‘%yTrade SeC)c?th3 4@6(?—82. Fol Towi ng

The composition of Trade Secret 4803-01 is believed to be a

copolymer of maleic anhydride and isobutylene of equal mole ratios of the

15  two noted monomers. Typical molecular weight of the copolymer is in the
range of 200,000 to 300,000. The composition of Trade Secret 4803-02 is
not known, but likely includes a second cross~hnkmg agent which is the
function of glycerol.

Fifty grams of starting material shrunk to 33 dpf was sprayed with

20 105 g of 5% SAP precursor solution obtained from Camelot. The starting
material was sprayed with the SAP solution and was dried in an oven at
120°C for 60 minutes. The dried sample was further cured at 195°C for 16
minutes. The cured sample was fluffed in a blender and stored for
absorbency testing. This procéss of making novel fibers enables coating

25 the grooves of the fiber with a superabsorbént polymer.

Coating the grooves with SAP helps in permanent storage and
distribution of bodily liquids in absorbent products utilizing these novel
fibers. The novel fibers had theoretically 5.25 g of SAP coated per 50
grams of the starting fiber or 9.5 % of SAP coated on final fiber. The results

30 of the absorbency testing at 0.0393 g/cc density for the final fiber were as



Bl end Conposition 5 . : Y RL
Initial Wat er Fluff Materials of Absor bency Rate Upon
Rel eased Fhp Exanmple 1 Wt Collapse (g Herr]Og. pediy nsul t
at 1 psi WO 98’“%’ (% Blend) T g?%’yellc".’dl-

Load (% 10 100 0 25.0 19. 6 25.2 - 58. 3
80 20 20.1 20. 6 27.5 52.0 60

40 14.9 19. 6 26.3 -40- 48 .4 40 - 60
10. 7 18.8 26. 3 39.0 20 80 5.9
15.6 25.5 28.6 15 0 100 0.0 10.9
21.7 26. 8 follows: Absorbency #20.9eg HgOId; ¥eteCollagse(%iet 09k \Biatst release
reduces signific I ar ed th t col I apse of fluff
pul p. Al'so, perc i p%’amggn‘r@ Bagéés@c and\%wp's g]ﬁszsfw;@ases significantly
with increasing |evels of starting materials. - Exanpl e 10

The fibers of Exanple 10 were prepared using a Spl n- cut - shri nk-1 ube
process instead Bxample Zhri nk- cut process of Exanple 1. Using as-spun

fib f Ex le 1 f t I I f 23.3
d:of ,erszg H s apgd crgi's %@ﬁ‘b?ﬂé 'g' g aplgf a%?lﬁﬁog%%ﬁ SES Quench
air f | ow Bxkarhpie 11 210grains df@%@AB’gﬁébUrWhﬁi%hfr@mac mbldtpég 0.80

i nches wat er s made fromthe 1-1083 spinnerets. The rest of the
paramet ers wer e $Rf@yed onto 5Q gramg of tsmmematmalnpme sprayrd sappie was' ditied

15°0Ca ench | on1) oV al 9 o s pineed e Rl Al B S CSGRAR°
70[err]C for 5 mmnutes The reqamltaimgcio\ouaa/lt)‘Iboelklbgllgéovr\'g{l2érllydv|v§ree1r GS)IBE?? SAP“IE&éiGg  he
Fol | ow ng’ coRbonBRES S0 bssyaalEel GFhe noyeiTpEss Wese Aiyfiedin gibjender and o
9% 0_7910 stored in zip-lock plastic bags for subsequent absorbency teshh %—./ US97/14861
The results of the absorbency testing at 0.0393 g/cc density were as
follows: Absorbency = 26.1 g H20/g; Wet Collapse (%) = 0%: Water release
at 1 psi = 20.7%; Ry = 4.2 g/sec; and Rayg = 4.5 g/sec.
15
Example 8
The novel fibers of Example 1 were used as the starting material.
535 grams of 5% SAP precursor solution was sprayed onto 50 grams
starting material. The sprayed sample was dried at 120°C for 165 minutes
20 and cured at 195°C for 16 minutes. The resulting novel fibers theoretically
had 33.3% SAP and 66.7% by weight starting material. The novel fibers
were fiuffed in a blender and stored in plastic zip-lock bags.
~ Water absorbency was significantly enhanced as one increases the
amount of SAP. The,résults of the absorbency testing at 0.0393 g/cc
25 density were as follpws: Absorbency = 41.1 g H.0/g; Wet Collapse (%) =

0%; Water release at 1 psi = 8.1%; Ry = 5.2 g/sec; and Rayg = 3.0 g/sec.

. Example 9
Blends of fluff pulp and the novel fibers of Example 1 (33 dpf, H-
30 cross-section, 1/4” cut) were made in a blender and the resulting materials



(1400) terepht hal ate], 44.1 wt % solids pol yet hyl-ene gl ycol (400)
monol aurate (oxyethyl ene fatty acid ester), 44.1 wt%sollds oI eth | ene

gl ycol (600¥0A®0BIGuUr ate (oxyethyl ene fatty acid ester), ol i ds
4-cetyl, "4-ethyl norpholiniumethosul fate (al kyl quater nary ammnl um sal t

5 of inorganic ester). The shri nkage was about 50% The
results of the absorbency test for s@incut-shrink-1ube process

fi bers of Exanple 10 are shown bel ow

Absor bency As- Spun Fi ber Cut Lenath % Wet Col | apse

% H[2er 10'g Fi bejerd fested for absorbencylbehavior at a derésity of 0.0393 g/¢kc. Following,
1 112" biends were tested o 12.2 _ '
2" 0 13.1 15 Exanple 11

The fibers of Ex Iae 11 werte repared using a spin-draw cut-
shri nk-1 ube OCQE"——Q-M 0 rs havi ng 4DG shape crosg ject v%
f acY\Atelof

spun and draffed _on a tow |ine. The as-spun fibers had

2.9. The fibers Wt Mafed sl 10 a two- st adbSArBenGy RtecU Pﬁlﬁst Relegged 20
being in a wat er Poip h Exammedr r Wetooliansea dgdk0/gti o 01‘ nsutts X aedl tpad
second st % beint¥in a steaffebhest at Blanderr] Qofsesi ng a toad(%)
ration of 1.3X. The overall draw ratio was about 2.25X. The drawn
fiber was thth cq00to 1/490 gsaml e Iengtwend subsezpigntly 583

heat - shrunk in an ven at_200[err] f m nut es 5 The
physi cal charact ep stics the no f| bers 8 as fol I%X/ué dpf 2.0
6.5, SFBF = 0.5; §fDF = 249 LRDF = 1Q§2 Lo = {lglgnm and dgarr] = zg44 "m
The results of the absorbency testing at 0.0536 g/cc dens?éfy were as

fol l.ows: Absorbend® = 16.80g Herr]10.h; Wet CA8.8pse (% 26.8% Wwat &8.0

rel ease at psi =44% Rerr]J,= 9.2 g/ ;30 WO 98/ Q910
o Case  aasy 120 P g CE 56 25.5,5 2% %6%
Exanple 12 15 0 100 0.0 10.8 21.7 . 26.8

The wet collapse of blended materials reduces significantly when
compared with the wet collapse of fluff pulp. ‘Also, percent water release at
1 psi decreases significantly with increasing levels of starting materials.
20 |
Example 10 o
The fibers of Example 10 were prepared using a spin-cut-shrink-lube
process instead of the shrink-cut process of Example 1. Using as-spun
fibers of Example 1 for the starting material, an as-spuh sample of 23.3 dpf,
25 H-shaped cross-section was made at 3000 m/min sp_ih speed. Quench air
flow of 112 ft/min air velocity corresponded to a aP of 0.80 inches water
was made from the I-1083 spinnerets. The rest of the parameters were the
same as that for Example 1. The as-spun ﬁber'was cutinto'2’, 17,1 %"
and 2" staple fiber lengths (about 10 g at ¢a¢h length). These éut samples
30 were shrunk in an oven at 170°C for 5 minutes and sprayed with about 1%
of a épinning lubricant. The lubricant was a 10 wt% solids water dispersion |
of the following components: 10 wt% solution of poly[polyethylene Qlycol



U-shaped fibers were extruded through the Egan extruder of _ Exanpl e
1. The follow ng spinning paraneters were used. The spinnerette . used
-~ in Exanpl e wé 98@918- 1127 having 16 orifices, each havi ng thepcT/Gsomigg@nsi on
shown in Fig. 11. PET having a 0.70 IV and 0.2 wt% Ti(err] was

extruded. Quench air velocity was 114 ft/mn. Extrusion tenperature was
282[err] C. The lubricant used was the sanme g Exanple 1. Take-up speed

was 3000 mMmn. The as-spun fiber had a dpf of 19.9 and a shape factor of
'3.58. The as-spun fiber was heat shrunk in a dryer oven at 1 80[err]C for 5

g(r)osgri_ nut es a”SeZ?‘?@t??c‘%eﬁt'ﬁeé‘lafejs%%ﬁwfbﬁ@@ﬁ@%&é}i@*}aﬁ@) the fiber
cross-section of piditolaurate (oxyetiéne fatfyoacid g&f%ﬁrﬁ.pmmlﬁswtnyﬁﬁ .

i nvention. Figure 14 shows a phot oco a photom cr o?r ap ]
novel fibers. Th@Goh(EQQ)menajaueate (oxyethylene fathsacid estar),anch Bamt% solids

behavi or at 0.0323 | e ] : Qrhency-
= 12.8 g H20/g; %?ée&ﬁ %é%@gﬁgbéﬁﬁfh%& Q@o%ﬁaf&déé@f‘g@?tﬁ%&%ﬁ@d%@ﬁ? s& Sec;
and Rl err] = 8. 3 ofirorganitlester).r uct ural properties of 01 ahese fi berLs -
are as follows: dpf =28; SFBF = 0.8; S = ; LRDE = 0. ; 0o =
7.3 mm and L[errio = ..F@éﬁh‘i'“ gez‘ﬁaﬁﬁgﬁﬂ%%sﬁ'@he results of the abW@ﬁ&ﬁ?ﬁﬁ]@tl&
the novel fibers fgbémhRefshfi We@séﬁ t‘étoft?gn?ﬁlemar.es v balci! ©
size were further sh@ﬁnk in'ﬁ'f)tz wat er at B%[err or 1 mnuri&e angw _
dried in an oven at 120[err]C. The resulting novel fibers weAbsbtbhericyd in a
bl ender and char #s-8pun &ibérd@uttleriath SRDF% WebEollapse ot her pafldsQ@facFiBer 25
These materiglks have higher, LRDF than the materials of Exanple 12.

Figure 15 sh t he phot ogf%phs of the materf&l s of Exanpl e 131312 7X. The
results are as follows: dpffr= 33.3; SFBF = 1.g; SRDF = 46; LRDfq3 0.29;

and L[err] =5.4 nm and L{ e'r'r] = 3.8 mm 30 WO 98/ 07910
PCT/ US97/ 14861 112 _ Y -4442.2
2_" 0 13.1

16 Example 11
The fibers of Examble 11 were prepared using a spin-draw-cut-

shrink-lube process. 7 dpf fibers having 4DG-shape cross-section were
spun and drafted on a tow line. The as-spun fibers had a shape factor of
2.8. The fibers were subjected to a two-stage draw with the first stage

20 - being in a water bath at 70°C having a draw ratio of 1.76X and the second
-stage being in a steam chest at 146°C having a draw ration of 1.3X. The
overall draw ratio was about 2.25X. The drawn fiber was then cut to 1/4”
staple length and subsequeht!y heat-shrunk in an oven at 200°C for 5
minutes. |

25 The physical characteristics of the novel fibers were as follows: dpf =
6.5; SFBF = 0.5; SRDF = 26, LRDF =0.32; Lo = 11 mm; and Li=7.4mm.
The results of the absorbency testing at 0.0536 g/cc density were as
follows: Absorbency = 16.8 g H.0/g; Wet Collapse (%) = 0%; Water release
at1 'psi = 44%; Ry = 9.2 g/sec;

30



"Exanple 14" " Exanpl e 14 discl oses novel fibers having 4DG shape

fi ber cross- section. The 4DG shaped fibers were
extruded twoosgmwibhe Egan extruder 5 wused in Exanple 1 uBEFHYSYHM861

spi nnerette 1-1004 whose apertures are illustrated in Fig.. 16. The
1- 1004 spinnerettee had 16 apertures. Foll ow ng Spi nni ng paraneters
were used in this Exanple 14. PET having 048Q |V and 0.2% Ti Q2 was
extruded. The extrusion tenperature was 282[err]C The guench air
flow was 180 ft/mn. The as-spun dpf was 19.9. The shape 10 factor was
equal to 3.9. ng It“i?% 2 were processed as in Exanple 1, heat shr unk
In a dryer oven 7 E‘ rr]C for 5 mnutes, and cut into 1/4" |ong

materials, Figure 17 (s8Ruped fibefs Were exARRC#ROUGIIIIG Exbi exgulBre f | ber of
Exanpl e 14. Figure 18 shows the resulting novel Tibers of Exanple 14.

The structural Bxampie desThs follewingsnpinniag parametars were used: dhespinnenstte=

rzrﬁ]; 15 SFBFE;gén%ﬁ? in %g%pfe 2 ;wésﬁpﬁf‘li ﬂaﬁggr}lplq)%ﬁfféF?F% T?ﬂ@lgbbgr ‘ } ber S 6

obE ai n]ed ;r @n Edmwrhsioﬁégwgmﬂn Ql|=ig. 1. IPBTFtHwingiberélmw ggdﬂZ%‘(’/&TL@éwas
90[err]C for 1 mnnute,a ried 1n an ove t [err]C. The .
resul ting novel eﬂrﬁé?% \%é{eé‘c#‘lqm“fqg‘ac'anﬁsaﬂgrm@r’”-a rusnLn te tuire ¥asz ed

for their physi o@ar i h@?’é _
Cross-sections gﬁg % gﬂﬁ%i%%ﬂg‘d%%ﬁ%%%%gﬁ? %%Efée e ?lb\;reﬁkeftf%gFgnghe
structural propwasi3800m/mire T as-spubdiber hadExdphdfe1 A9 amda shape factosof dpf
= 36; SFRE. = 1. 9; SRDF = 11; LRDE = 0.35: Lo = 4.4 mm_and L[err]
2.9 nm 25 .58. E'i?'aﬁﬁﬁespi@ fiber was heat Shfufﬂkmﬂéyq'@v&ﬂs%l&oeg fpﬁgt -
addi ti on of SH t » Clg: ' t he
it al rat S of Madeh Wi b A stale e Kige FESMNS P RBENGRES!
Exanpl e 6 showssettian &f therds-§pun fiber. ridigate 138 ishowsithe Srassgéection ofthe

S LY QUi A Word 9 e B EvEGSH °F Rurd 1 Blofista 2110

PCT/ US97/ 14861 photoco% of a photomicrograph of these novel fibers. The-1#4"-cut fibers
Canel ot's precursor SAP solution on to the novel fibers of Exanple 1
were tested for absorbency behavior at 0.0393 g/cc density with the

15 following results: Absorbency = 12.8 g H20/g; Water release at 1 psi =
- 60.5%; Ry = 20.7 g/sec; and Rayg = 1.3 g/sec. The structural properties of
these fibers are as follows: dpf = 28; SFBF = 0.8; SRDF =66; LRDF = 0.11;
Lo=7.3mm; and Ly =6.5mm.

- 20  Example 13
In Example 13, the novel fibers obtained from Exampie 12 cut to the

114" staple size were further shrunk in hot water at 90°C for 1 minute and
dried in an oven at 120°C. The resulting novel fibers were fluffed in a
blender and characterized for their SRDF, LRDF, and other parameters.

25 These materials have higher LRDF than the materials of Example 12.
Figure 15 shows the photographs of the materials of Example 13 at 7X. The
results are as follows: dpf = 33.3; SFBF = 1.7; SRDF = 46; LRDF = 0.29;'
andlo=5.4 hm; and Ly = 3.8 mm.
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reduces Rlerr]. Inthis Exanple 16, LUROL 1852 was added to the SAP
precuirsor solution‘'prior to coating the base material of Exanple 1 with the
SAP. LURCL #ﬁ%ﬁm‘} 6a noni onic, ethoxylated fatty acid ester gBfadndsdir om
5 Goul ston Technology, Mnroe, NC. The LURCL 1852 conposition is a

trade secret. Ten grans of the novel fibers of Exanple 1 were coated with
a 5% solution in water containing 1 gram of ggrecursor solution SAP and 1
gram of LURCL 1852. The coated material was dried in an oven at 120[err]C
for 50 m nutes and subsequently cured at 195[err]C for 15 mnutes. The 10

resul ting novel 'berz ggre tested for absorbency behavior. The initial
rate of 8MP% rption, Rerr], upon first insult was 15.2 g/sec.
Thus, addition of Exanihie "1aPdisabSes Holaaioens halmgldFGINR Oﬁy&' Bsd-S one
met hod of enhanci ng R[errr?m in the novel materials. p'él &arrpl e 17

Exanple 17 illusSeelids the utility of adding high |evel sI of SAP poYvde][ :

to the novel fibers of ' ti his i rLi,cul a sirahl e, for

thin di apers hMehnguﬁégbﬁgg@%gmeﬁgwgghéﬁ@ghéﬁgﬁf%@&%rnoveI

fibers of 5 ubediwEramp(edUsity the shiingrette 1100M eSS apatilredare t h

super absor bent 0] poldy,rrer,, ~Favor[err], SXMrO from Stockhausen, which is a
lugtrated in Fi

XM70
salt of crosslin 18:adhe i1 pinnefeitee l"ﬂéﬁé‘ﬁ apertyreso Rallowing
bl end [ ; WP P .
bl ended mmtori ol SPRParefiiers werq used'h ¥ ERaBle A4 PEEANITg AR ;o

g/ cc density andandd.2%sTiO:was extaideth The extrusionTedperature was 282°C. Whe

98/ 07910 . . PCT/ US97/ 14861

_46 - quench air flow was 180 ft/min. The as-spugdrf was 19.9. The shape

Absor bency avy i

AR Sﬂsi %‘?Htoﬁg«a@'eﬁﬂglsto 3.9. The fibers yere Ipllj'%%e‘:s;ed |{1ﬁ<@?e{g§§ﬁué’a§

S. % SAP g. wat éhfunkdold dnyeeotRen ah280%0 for S¥ninutes, dricbcufinto 1/4” long
materials. Figure 17 shows the fiber cross-section of the as-spun fiber of
Example 14. Figure 18 shows the resulting novel fibers of Example 14.
The structural properties of the Example 14 fibers are as follows: dpf = 26;

15 SFBF =1.7; SRDF = 18; LRDF = 0.10; Lo =7.3 mm; and L, = 6.6 mm.

Example 15
In Example 15, the 1/4" cut ﬁbers'obtained from Example 14 were

further shrunk in hot water at 90°C for 1 minute and dried in an oven at

20 120°C. The resulting novél fibers were fluffed in a blender and
characterized for their physical parameters. Figure 19 shows the fiber
cross-sections and Figure 20 shows photographs of these novel fibers. The
structural pfoperties of the novel fibers of Example 15 are as follows: dpf =
36; SFBF = 1.9; SRDF = 11; LRDF = 0.35; Lo=4.4mm; and Ly =2.9 mm.

25
Example 16 : .

| Example 16 discloses that addition of a surfactant to the SAP
precursor solution enhances the initial rate of water absorption, Ry, in these
novel fibers. Example 6 shows that R, for the novel fibers is 5.2 g/sec,

30 significantly lower than that for the novel fibers of Example 1. Coating



No. (by wt.) a. blend -~ (% 1 psi Load g/sec. - g/sec 1 20

10. 3 -50 " 0.3 20. 4 2.6 10 2 30 13.1.

-70 Owo© 98/079180. 6 2. 8 3 40 -13.1  PCTAUB97/14861
0.04 20.5 3.0 4 ° 50 12.9 - 64 1.3

21. 6 2.5 5 60 15. 3 -80 0. 96 18.5

2.7 6 70 - 16. 7 -94 -48.83 18.5 2.6 15 7
0 8.6 -10 4.5 33.2 5.2 Anegatlve
nurrber for vvet coll apse inplies the structure actually "expanded"

upon ' wet i ng" . Sl picufddr A spRIchRIT R oV ABlser Exaple f © °2°°

at 1 psi |oad. oses a
process for mnaki FRAUCSSdR. f’ntibISSEXgmal%‘tﬁ .UROL 18520wasaldded|te|th®SAP ocess.

I 8, f f
than 1500 i n. PGS Bkbribrddefsatify the bize materiplF Bxample 4 Wit the
conti nuous pr OceSAP nLYROLM 8523|sfa hehionfc, @tho téH‘féﬂty abifdstet Sﬁﬁﬁﬁﬁﬁaﬁ

in a continug nner shrunk in hot (>80[err air ‘and sprayed w

hydr ophi lic | br tan Tegbnelegyi Wfig:erd&l ' ﬂ'&ued.léR@me gompnsiiontis @,

shrunk, short-cu I 7
DT/ LSO 7] 14861 traliB'sektél! Ten gramiOof the nolB! fiSérd O%Jég(ample 1 were coated with

Exanpl e 19 a5% so!utuonEEma\vaté|ec:‘.lr$talrinhgp3tgranrml= preueﬂso'i' isbRitionBAP 2hd 1
present invention rra%g -cut-shrink-1ube" process. The

extrusi on systen® &%Q’- 18%8s 11"‘9 coated H@G"‘a’ﬂi@s F’E?dﬁfbﬁsﬁrﬁylemﬁsﬁﬂ’l?ed
| o 90 ] Pat t
Conat orm dryer a0 PSoiniEzahd¥ipSeadeitt yreq bt 108-C 18015 Mintded T vy -

havi ng an | V0. 7fesultingerdvel fiders were testediir abddrbency beha@lﬂrr q@fé’mﬂﬂal rate
283[ err] C t hrough, an, Egan extru%gr u5|n t he spinnerette 1-

The aperture des%watﬁ"gq%ﬁerﬁtl% BB‘P'Fnﬁ dnsuit was Qﬁ@/\ﬂlsieﬁ Ifn'gﬁr additionof
appropriate surfactants to the SAP solution is one method of enhancing R;
in the novel materials. )

16 Example 17
Example 17 illustrates the utility of adding high levels of SAP powder

to the novel fibers of the invention. This is particularly desirable for thin
diapers having high absorbent core density. Blends of the novel fibers of
Example 1 (having 33 dpf and the H-cross-section) with superabsorbent

20 polymer, Favor®, SXM70 from Stockhausen, which is a salt of crosslinked
polyacrylic acid, were made in a laboratory blender at various biend levels
as shown in Table 1. The above blended materials were tested for the
absorbency behavnor at0.1118 glcc densnty and the results are shown in
Table 1.

25



fibers were guenched with air at 120 ft/m n. The t ake-up speed. was 2500 .
10 mmn, as-spun dpf was 8.8. The shape factor of the fiber was 3.0. The .

as- wO Paigyold bers were cut into [err]long. fibers and POTOiSR7/R486hot _
water at 90[err]C for 2 mnutes. The resulting fibers were dried in
an oven at 120[err]C and fluffed in a | aboratory bl ender. They were
then sprayed with the lubricant of -BBanple 10. The final |ubricant
on the fiber was about 0.8 wt % of the 15 fibers. These fibers were
allowed to air dry at roomtenperature (about 23[err]C) for 16

hours. The physical characteristics of thgsggwlti ng novel fibers
were as follows: dpf = 20.5; SFBF = 1.5; =.25; LRDF = 0.20; L[err] =

6.4 nm and L[err] = 5.1 : absor bency
characteristics of the novel fi@é%poét?e y&g’?\%?%%zmgdgﬁs re as follows:
Absorbency = 14.2 g Herr]Q g; and AR 8L 0,118 g/cc ehsi 32. 5%

Rlerr] (g/se = 20.8; and Rerr] = 1.9 ?/sec. Exanpl e 20
Exanpl e 20 di scl oses novel mSHEt?Qﬂob(aviWG an ?béwaﬁd Cross- 25 section.
The Y-shaped prodiict%&AP mgewater/ a ‘GaliapseuReleasenat | udfdt Ravg process .

usi ng the foll onNeg (pamdnet @ blend % 1 psbtpatavi glgean |V UIsE®. was
extruded through 4 he an ext er syst describegd in le 1,
but using the spi nergﬁt ee 1-{161185 havi'f%) 5@[ he Y%@gped aggr ures
shown in Figlo21R2 Thaopol yner3 gas extipgded at 0.6 W2®68/ 079102.8

PCT/ US97/ 14861

-48 -
282[err]C througﬁ3 t he4ggan ext3dider. THO PET p(ﬂ-%er wed0-8ried t8&

noi sture | evel ofg | esgnat han qual t . 003 in a terson naf or m
dryer at 120[err]4C fo'rgoa per iO[)Zcigof 8 h'(;stjfr)s. Th\g'?uench %frb vel oc?’?’; was 185

ft/mn. The take-&up sPfed wast®300 m niB@ The &O8pun f1&Er was 2Y dpf 5
and a shape fact of _5.0. Th s-spun fj ber ut [e | ong d shrunk
in . hot wat'er at! 95[err‘f%.9 The ctf”, shrmiﬁteriﬁb wer e 3% ed in an

oven at 15 12p[errgC. The ggber wasig hen | upii cat edgawt h t heglaibri cant
of Exanple 10, at a | evel of 0.8-1.0% by weight. The novel fibers
t hus obtai ned were highly ~distorted and convol ut ed.

A negative number for wet collapse implies the structure actually
“‘expanded” upon “wetting”. Note the relatively low percentage of water
release at 1 psi load.

20
Example 18 _

Example 18 discloses a process for making novel fibers by a spin-
cut-shrink-jube process. In Example 18, fiber is spun at relatively high
speeds of greater than 1500 m/min. High quench air velocity is used. This

25 is a continuous process in which the fiber is cut to small staple lengths and
in a continuous manner shrunk in hot (>80°C) air and sprayed with
hydrophilic lubricants. The resulting __ma_terials are highly convoluted,
shrunk, short-cut materials.
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10 Figure 22 shows a fiber cross-section of as-spun fibers of
Exanpl e wo ogfide1or| gure 23 shows cross-sections of the novecTiudoemsssof
Exanpl e 20. Figure 24 is a photograph of novel fibers.of Exanple 20
at 7X The neasured physical properties of the novel fibers
of Exanple 20 are as-follows: dpf =_4y2, SFBF = 4.0; SRDF = 36;
LRDF = 0.49; L[err] = 14.4 15 mm and L[err] = 7.2 mnm

The absorbency characteri stlcs of the novel fibers at 0.0393 g/cc

were as foll ows: y =899 Herr]Og; Wt Collapse (% = 8.3;
EXaRRIES) |

Wat er rel 1 psi = 22.8; Rerr] (g/sec) = 16.7; and Rerr]=
1.2 g/sec. 20 Exam@xanigle 19 illustrates novel %ﬁf@h@?r&eﬁﬂ%ﬁ:oﬁhﬁade by
preparation of noyel fibers having cross- sections as shown in

Fi gure 25. Exanpl ther’spirceut-ghrinkwbenhprocesso The extrusion system of Exampled wase.

The Egan extrusio S Wﬁ‘i’%ﬁm&s e

280[ err] C the pol en;éaq gﬁlg]eﬁ-r?él n pﬁéﬁﬁﬁrou urtehevel qgﬁg\%ﬁnqr%qqaée
1-1198 havi ng 81 to 0j003c#t% madwtegﬁoml’:omfdrhw d:yesmwnovo for a periodfof®r €
26. The quench air velocity was 68 ft/mn. The spinning |ubricant

was the sane as i ROBSanPES ppéym%'éa\rlngmclé(rﬁ 76vas egruded fThe polymerawvasit

spi nning. speed on SXradedh 285eMHuoh 3 Eo Sciles isifh y SRS 042
factor was 4.6. TiFheaspeHure desiyercf thel-40aRtspimtisrefl s!shbwn il Figure 5. PRES.

WO 98/ 07910
PCT/ US97/ 14861  fibers were quenched with air at 120 ft/min. The take-up spegd was 2500

shrunk in hot t t
120 or ] . s P, 860 Hpt VAt £16."TRE'shepBtathor 6F it ags 0, The as;
of Exanple 10 (0. 8pbyibers were cumnoo %hdbrtgﬂmfswmrghkm ﬁogwater%l SOROWor
optical photographs of resulting materials at 7X a

magni fication. 2 Minutes. Th?ﬁ@%ﬂ*ﬂﬂsf‘%%ﬂs wergrqriackin an pven 61’- 12@"& Rbddluffed
f:i ggr SL‘Ig’eblr:e_Cgarzgfr{ﬁ éﬁcﬁ?tory blender, %e@%ér%"iﬁﬁﬁ%rﬁye%%ﬁg tﬁ]ﬁﬁncaﬁt &f SROF
The absor bency chEn(ampiae 16t T firfal lubricamt oh the fibes was dbdli$ 9B wt¥%of the
e, 2 10Ol ABRSY UFAC e iard alb S B e b o b2 2Bt
Rlerr] = 1 9 o S‘5‘93°C) for 16 hours. The physical characteristics of the resulting novel fibers
were as follows: dpf = 20.5; SFBF = 1.5; SRDF = 25; LRDF =0.20; Lo, =6.4
mm; and Ly = 5.1 mm.
The absbrbency characteristics of the novel fibers at 0.0393 g/cc
20 were as follows: Absorbency = 14.2 g H,0/g; Water release at 1 psi =

32.5%; R¢ (g/sec) = 20.8; and Rayg = 1.9 g/sec.

Example 20 .
Example 20 discloses novel fibers having an Y-shaped cross-
25 section. The Y-shaped product was made via a “spin—cut-shrink—lube"
process using the following parameters. . _ |
PET h'aving an IV 0.76 was extruded thrbugh the Egan extruder
system described in Example 1, but using the spirinerettee I-1195 havi‘ng"
the Y shaped apertu'res' shown in Fig. 21A. The polymer was extruded at




TEST PROCEDURES : - Absor bent Property Paraneters utili zed in’

the present invention i i ncl ude the follow ng: 15 a:

Absor bencywowgihsdioi s neasured in grans of distil | ed PCT/US97/14861at er
absor bed per gram of absorbent material. b. Wet coll apse, which
IS the percentage decrease in the hei ght of the absorbent
mat eri al upon wetting. C. V\aterdéel eased, which is the percent
of water that has 20 been absorbed by the absorbent material that

S rel eased when the absorbent materi al |s pl aced under

a pressure of 1 pound per sguare inch p R err], which
is the initial rﬁze&dhrmemw _ iﬂ? BET polymer was dried toj@ st
wetting or insul

measured in gr arrréo%iur% %ﬁmﬂ?gﬁ\%ﬁ%g tae§ IB‘Jb Oﬁﬁg wi% % Paﬂersorﬁ@bﬁggdgﬁ'hd_

e. Rlerr], whichiryar &t26P06oRaerivd 6f8 hoarise unédmh aievelutity was 185
t hr ough f| fth cont acts or insults of the absorbhent mat eri al

(i.e., (Rerr] fYmirr Theiakg-upispeedmyas 2200 m/mimd Thaiastspusfiber was 65 dpf
uni ts of o1 8% Qinlh Shbbh S5Ci4PLFE 07 HHY BELoB FibsPeAR%ut 14" lond QARG

PCT/ US97/ 148

The absorbent pédictivedter at 957C: Thasut, sthrursk materigle wane drieddn an oven alasket in
whi ch the absorbent materials are placed. The wire basket

i made
froma 0.008 i nct2QiCanEhe fibes was ther ligrigatesiwita theslubricant ofﬁe@mpleew ata

neront 5 of 1eWE ofaFS- by RiRP  Tolr Vel flerg oo ERNT bR LGl

flat. The WI re distorted drbesrivolutedbe used to neasure absorbent properties

of any of t absorbent materials such, ,as fluff Ip, synt hetic
absor bent ngﬁerl al's, Elgure 22 shows %gb?%@?és'tﬂe%q)'&%ﬁsﬁEP iNeeRY ok Example ang

bl ends of the f g _ E?&.[ rqag f d for
deposition int Oc?[ﬁep!g] 2?3?‘1? cgos§ isrés squwf ﬁ%rétﬁgﬁ%aﬁrfﬁ qu?
| abor at ory bl endeigurer4 és atphptdgnapds ofipoweldibens bbExample 20 at 7Xni xes t he
absorbent material . red rmned..wel rr, ’
grans of the fluffed Themegsyred physncaf propeﬁ es gft thée novspﬁbers%?tExa\mﬁe ﬂo
are as follows: dpf = 132; SFBF = 4.0; SRDF = 36; LRDF = 0.49; Lo = 14.4
15 -mm; and Ly =7.2 mm.
The absorbency characteristics of the nove! fibers at 0.0393 g/cc
were as follows: Absorbency = 8.9 g H>0/g; Wet Collapse (%) = 8.3; Water
released at 1 psi = 22.8; R1 (glsec) =16.7; and Rayg = 1 2 g/sec.

20 Example 21
Example 21 discloses the preparation of novel fibers having cross-

sections as shown in Figure 25. Example 12 used PET polymer of 0.76 LV.
with 0.2% TiO.. The Egén extrusion system of Example 1 was used to .
extrude at 280°C the polyfnéf dried as in Example 1 through the

25 spinnerettee I-1198 having 11 orifices the design of which is shown in
Figure 26. The quénCh air velocity was 68 ft/min. The spinning lubricant
was the same as in Example 19. The lubricant level of the fiber was about
0.8% by weight. The 25 dpf as-spun fibers were wound at 2500 mlmm
spinning speed on a Barmag SQ4SL winder. The as-spun fiber shape

30 factor was 4.6. The as-spun fibers were cut into about %" long fibers,



material is deposited in the wire basket. The fluff absorbent material may
then be pressed down so that it fills a specified vol une of %ﬁugq'“gs&asket
in 15 oMWRP3EBILrovi de a specified and uniform density. 1%/ cal'ly, 10
grans of the fluff absorbent material is deposited to the basket.
Next, the initial height of h[err] in centing ers of the absorbent material
I n the basket is nmeasured, and the dry wei ght9cf the absorbent material and
t he basket is neasured. 20 _ Next, 355 mlliliters of distilled
water is poured into a rectangul ar - container having bottom

di mensi ons of 20.shronkin kot waterlat 903Cdont immuts and dried in ovéhat 1283€. The

di nensi on and that volune of_ distilled water fills the caontainer u

0.75 centi net er s resyling Matesialswene sprayegwithhine Inbricant of Exammple lm&-g%s@i s

the inmportant fa ' Al | | JIl¢ e
Lhe T mpartant 1 ackef ahd ol g, FBERS 27 Shewaciite Bhobifadno by
distilled materials ah 7Xrand 40X avagnificatiop. Next, the

and then'romosed f1om T SIS FBRraRICE ShER avel TRees Wacp sharacterized
suspended for 10 g¢ |y 25865, SPBR 9%, BROFILSS, IURIF w025, Lhale ¥
not 30 retained by the Lsorbe’nt material to drain out of the basket.'
Ten seconds - MG €67 omp.10

PCT/ US97/ 14861 - - .

after the basket has b«!&? ?MQ%WW?W?WQ%’%BT@P -'??1"«?' B'B?T?egt -933&96%%(1.
The differences babreas félltvsipt@oibericyl£1408g KBOIgmétetihl@WéNccﬂh?eébﬁBB%;

material and the weight of basket with the wet absorbent material Werr] is

det er ni ned. HGer r YVater releasag-atct peied8.2% R F Ll 9/seoneBd Ravg Fril-815R9

di vided by 2 5 (in seconds). Ten mnutes after the first
insult, the process of placing the basket in the distilled water
container for two seconds, suspendi ngTEB& D en seconds,

dth i ghi h ket i d, T i.ght . h .
o Cked up duri ot ho s AtBoIPentEIoBBRR I amptirs TiigR rihe piBsertinvenliSh 1o
up during the firgciidesteitbiioNipgf] s then recorded. The rate of water

pi cked up during the second insult R2 is then cal cul ated. R2 equals
WB (in grans)15 a.dAbsatheney whichds srrasured in grams of distillgghe third insult

O et uer i o HatbeRF66 ot b RBbrpent mated@e Procedures are

b. Wet collapse, which is the percentage decrease in the
height of the absorbent material upon wetting.

¢. Water releésed, which is the percent of water that has
20 been absorbed by the absorbent material that is
released when the absorbent material is placed under
_a pressure of 1 pound per square inch (psi).

d. Ry, which is the initial rate of water absorption upon a

first wetting or insult of the absorbent material, and
25 which is measured in grams of distilled water absorbed’
per second. L _

e. Ravg, Which is the average initiél rate upon the second
through fifth contacts or insults of the absorbent
material (i.e., (Rz2 + Rs + R + Rs/4), and which has

30 - units of grams of distilled water absorbed per second.



15 deternined by repeating the steps for deternmining the weight of water
pi ck ' up for a 2 second insult with the water at ten m nute.

i nt erval s. wo 98/07910 The total water absorbency is det eP@AIIEI7/IAB6E he
fol |l owi ng pr ocedur es. ) Distilled water is. placed into
a distilled water container up to a height 20 of about 15 centineters.
The basket contai ning the absorbent materi abQi-s Il mrersed in this
distilled water container for ten seconds. The basket is - slowy
renoved fromthe distilled water container in order to avoid any

accel erative forces. S bSelh \vi k : Welly r the
peri od of between aboﬂﬂéog%éogﬁﬂﬂﬁgé‘gﬁﬁgv%eﬁggé%%? Ll;stsﬁ%hsd%g?\%egx%o 25
thgt iht can grai ?aa"khnt iﬂmesoﬁbergrrg%rialszm:ﬂacedleTaeaﬁm bbskemldisghed
and the weight of t t ot a ter pic up i,s determned. The tgotal water
2bsor bency s 1 nERdedrenia B dsch Remsiarwhe e aavesh sise it B0 ThewiR.
by the grams of phgkdlHasEeqindmea! wal ﬁé{/iﬁp-a diameter of 6 cenﬁrg%'&%f%b 'l'ft'lléq'ls eight

(average) height of the absorbent materiall 1 n the basket

“nmeasured. Thd i of thefwalhis HheentinetersaTbeibwttonyof thedeaskehis flatunitfeowire
%?3’88;%2861 basket can be used to measure absorbent properties of an_y53f the

upper surface, aabserventinatérialseden as fluffpuly csyrtiseticalgstirbent materidlgasuch
surface. The wet collapse is then cal cul asted based upon the initial_height

. ] h
h[err] of apfaosggisclosed hareinabove, SAP.\and blends o the forageinggcThai ght
of the upper ; ' : ' fened -
25 & per bont age 208orBShL Aferids B Breptib SuendiRiciinid e BifshasRef by HEYE,
100. 10 fluffiRgehem igld labbratatycblendér aFleid step balkssip) and udiébremiyi ned by
t he foll ow.n roceduy e. . The basket with the absorbent
material is subnﬁf‘ﬁg?jﬁ\eo?bﬁ% ntmateriabeconds in distilled water using the

sanme procedure for theyélat &prédatbimifediw é@tt Whgrdntd af thest e PAISSIrBBARE Y

e
di scussed above. After suspending the bas out of the water for 30
seconds, a wei ghfnajerialgs depogitechin the wire\basketn Thefluff absorbegnt miaterial gaapent

bressure of one HIThe pLrcess{ihat Ea B it fli sccinda HoRiRTe. of e wire BSipEin®
renmoved from$ he okderitotprovide tahspevifiedeand anifernydedsity) Dypleally, d Odgramnsofithe 15

the weight of th er .absorbed after the one pound, per square inch | oad
had been appl i edﬁ“%sﬁmmatﬁﬁ@éﬁ quPﬁ'é%"\lag’ ??r;‘ef-he 1 psi pressure, is-

Next, the initial height of hs in centimeters of the absorbent material

in the basket is measured, and the dry weight of the absorbent material and
* the basket is measured.

20 Next, 355 milliliters of distilled water is poured into a rectangular
container having bottom dimensions of 20.6 centimeters by 23 centimeters.
That_basé dimension and that volume of distilled water fills the container up
0.75 centimeters abové the base. The height of the liquid above the base is
the important factor in this step, because the height of the liquid above the

25 base indicates how much of the basket will be submerged into distilled
water in the following step.

Next, the basket is placed into the distilled water container for two
seconds and then removed from the distilled water container. The basket is -
suspended for 10 seconds in order to allow the distilled water that this not

30 retained by the absorbent material to drain out of the basket. Ten seconds



t hen cél cul ated as 100 tinmes the weight of the wat er rel eased after . the

| oad had been applied divided by the weight of the ab r
prior to wh¥@A710 the |oad had been applied. 20 . §E&R)%97/i’)ﬁ&€

AS SPUN FI BER PARAMETERS -~ Shape Factor The shape factor
I's the average of neasurenents on 20 cross- sections froma fiber.
The shape factor-is a neasure of the devi atisdn- of the 25 Cross-section
of the fiber fromround. A round cross-section fiber has a shape

factor of one. Irregul arly s'haped cross-sections have shape factors

of greater than gg ghg? ggeP mieveq” & liehids s i ch

I s not physicall y po g%tt In f‘?r’lbty. ?r?éddgripz‘ipe'e'f"actor ?éslégtlf as the
ratio of ﬂ'he diferemees betwpen the weight bithe hasket Mo'etsthedrylablsoxﬁertthe
polyneric material_.to , 30, .the h het,i ter of round
cross-section fi Hlﬁt fahangd,the yeig Xpoft K?E ly@ﬁswe ssorbent ratefial W, is

PCT/ US97/ 14861 determlned Ry is then determlned Ry equals W, ﬁm grams)5&vrded b¥12
sane cross-sectional ar ea, A he pOl yneric mat eri a Ther'ef ore,

shape factor 9s (infseconds)s P[ err] d| vided by the square root of (4[err]A).

P a2 Ve BF,fte ABcGlgi

fol | ow ng procedtiedistiied Wérb&orft@rhedﬁrﬁwmmbnds Suspendingthertsasket for ten
used to define the as spun fibers and ar ken ver bat i fromU. S,  Pat.

No. 5,200, 248 at SGG‘Pfﬂﬁ’ﬁr wmrenéwershms the ets«s repeateds gloht ohthes | ne
63 to colum 35 a%ked uiafhunnglthe s&snarmdcé Bv m%wer@worwg@pﬁrééa' on

of structures of var exceel
| engt h of thwstmcdunng thetfirst ingult) W3 is thenneencttaﬂ f'Bineweofmatesplckederp

orocedur 65 are. oo DAIEA SEHOR RN e alcpiatast, R Rl wiTH blaffel” |

havi ng the requi divided 2NH Scdrils).f orth in such procedures, except 15 as
may be otherw se specrflcal I rovr ded. Specific units may be suggested
in connection with neab® ﬂudvmsuthapwrSdgnmnutasaﬂeffthpmﬁe@msylfd i bed

'n the procedur egmgiRetilitds’a iIWaY té Bltdriting I MBiRiMAP R LERE R Ut

15 determined by repeating the steps for determining the weight of water pick
up for a 2 second insult with the water at ten minute intervals.
The total water absorbency is determined by the following
procedures. _
Distilled water is piaced into a distilled water container up to a height
20 . of about 15 centimeters. The basket containing the absorbent material is
immersed in this distilled water container for ten seconds. The basket is
slowly removed from the distilled water container in order to avoid any
accelerative forces. Thus, the basket is removed from the liquid over the
pe'riod of between about 0.5 and 5§ seconds. The basket is suspended so
25 that it can drain for 30 seconds. After 30 seconds, the basket is weighed
and the weight of the total water picked up is determined. The total water
absorbency is then calculated as the grams of the water absorbed divided
by the grams of the dry absorbent material.
Next, the (average) height of the absorbent material in the basket h,
30 is measured. Thatis, if the absorbent material no longer has a uniform



Qther units consistent wth the intent and purpose of the procedures can be
used. 20 The procedure used to determ ne Specific Capill ar
Surface Arewo9sn7910 (SCSA) and Specific Capillary Vol une (SEWUSIT/14861
capi |l ary channel - structure is applied to a photom crograph which
shows a representative cross-section of the capillary channel
structure. The cross-section of the tructure I s prepared for

phot om cr ogr aphi ng by enbeddi ng and 25 n?crotom ng techni ques known to
those skilled in the art. The foll ow ng equations are used:

(1) SCSA = sumover x =1 to i, of Plerr (2) SCV =
sum over x = 1 t4PRer syyfasg;an PFWDR? IS made oPthe averagghsight,of the ypper p

d f h d
- Jens |9t7>1128 6& Ssutfdde! fre fet cHRIPSEES then calculat¥éd BEEEH 8p8h the initial height hy

As = area of thefdhesippeesuriface pfrorcimpﬂéﬂﬁagwﬂﬂaraaderagﬁ height of the upper

per pendi cul ar to_t apid | ar .cha V\/m ch un S those illary.
channels within ﬁ"ﬁ%c? %'fw We ﬁlw? ﬁﬂﬁe 505‘ asapercen B the sum

over x = 1tgi @{ar?éthtﬂ‘eﬁe as hbaimmes topt ers of the cross 5
section of the solid form ng‘dehgc L!(cﬁé t%eﬂcaéjl | ary channel s, x, wherein

each per i met dhepyeight ofwatenreleased talil psi is determiseddythes wi t hi n

the theoretical re provided by Cerr]; t he
sumover x =1 tf8"?“"cﬂg&(6’ﬁéﬁ'§%-= the sum of the void areas of the

capi Il ary channel str Utelbiasketwitieithe absorbént aiatérialds sabmergddforaen t he area
10 bounded by the perineter of the solid form ng?the channel and

Jerr]; and. seconds in distiligg waterusing ¢he samerreepdiye fepthe ‘I’%FPV“lﬂﬂi'ﬁﬁé?fs
in the strugur %ﬂofﬁﬁt@r absorbera/gly &rgfé&% dbdves alﬂl‘téﬂ Q.Fs? QBHH\?\E%

capillary chann structure s to that part
of a circle whi wutrdtbemaéerfpoﬁarsecohdsmwergmrofdﬂsﬂrﬁegrams is placedvantep and

L, O B S5k e 5 B350 M SBAR Yg 1981 SRR

foll owing criterfoad is a pressure of one pourﬁﬁﬁertétﬁraee iridhe, THd ¢921.5 rén't wBightt to
both walls of the capillary channe at t oi nts
where it neets tigdemQves fromihe basket and the basket is weighed in order to etermine
. 15 the weight of the water absorbed after the one pound per square inch load -
had been applied. The percent water released due to the 1 psi pressure, is
then calculated as 100 times the weight of the water released after the load -
had been applied divided by the weight of the absorbed water prior to when
the load had been applied.
20
AS SPUN FIBER PARAMETERS
Shape Factor
The shape factor is the average of measurements on 20 cross-
sections from a fiber. The shape factor is a measure of the deviation of the
25 cross-section of the fiber from round. A round cross-section fiber has a
shape factor of one. Irregularly shaped cross-sections have shape factors
| of greater than one.-. The mathematical upper limit of shape factors (which
is not physicelly possible) is infinity. The shape factor is defined as the ratio
of the perimeter, P,, of the fiber cross-section of the polymeric material to
30 the hypothetical perimeter of, P2, of a round cross-section fiber having the



(b) for each capillary channel, x, the circle CJerr] meeting (a) 20
maxi m zes Av[err] for each such channel, x, subject to the limtations

t hat : ' W0 98/07910 (i) the lines tangential to thePCHUPF486L on
of Clerr] and the capil lary channel walls intersect
to forman angle of 120 ' degrees or less; and- 25

(i) derr] can have a radius of no greater than about 0.025 cm
with respect to the actual scale of the capilTary channel
structure (circle radius will be enlarged by the sanme

magni fication factor agrplled to the actual structure in the
phot oni cr ogr aph) . onal grea, A, as the polymeric material. Therefore, the

PCT/ US97/ 14861

For capillary charslﬂgPe f?‘%‘ﬁ’c sudreefg eﬁaavsl vglﬁq ‘?Vtrh;? %%La%ﬁe?%\%fl,@“ﬁ)ui d
exchange orifices, the effect on SCV and SCSA wi Il generally not be of
nunerical signifi ancg_cége to the thin walls of the capillary channel

structures hereof apilanyafelume (RCV), Spegifiicleapillary: Surface Area($CB4),
S For cgpi '§Iéﬁd’erﬁ€§§‘ﬂ§h6 égﬁgbﬂgpow cgbﬁ%acmtghof tangency with a

circle maxi mum ra ove ecircleis
posi tioned so as to The follmmgpmeedmmaremsefmﬁw deteemir(aﬁmh offpdrameters

channel . For capil struct ure hav at i in
cross- sect i onal P u;%dé? Ciéﬁgﬁghe a§sPHpifibgrs and ars t ‘é%rg@é ﬁw%ar?%e
eval uated to proviNge sazm@nas%?abmwwmegwﬁ%méﬁ 3O @2%@%@%’ i 3 [ine

SCSA. 1f, however, any portlon of the structure of 't near | engt
(in the axial dirB63tPSeYnnB@8dingsB9.1 1 ary channels) of at |east

fhe cl ai med 1 Mges. nor a9 PrekERaEsTEL s fBratiorfor YhdlRs 3Brhe ™ "
capi |l ary channel Iengtbstsome of whith maymedmwngﬂmofthelﬁructure actEQlly
capil l ary channel artl u ar gose {VE capil lary channel

bases of rel atlvel'@ g?é@ SR it 'satOrQﬁv)P@ %ﬁ t§ﬁ¥q§ﬁ"é'cﬁ4fe$ ﬁBOEfﬁbﬁ'l?é't
having a fraCt'O”IéﬁgtHQ?ecge il Hgﬂ‘oeédﬁré% éi%%v é'&f"g alent

pl ace of the enti s secti1on of the h ractl
sanpl e of the sheétructures hawpgéherad)!.ll@lté\mgﬂ‘w\seﬁtfortbﬂn a’uchmed:edﬂresl eﬂ:éint

ngantTPtealtO:J\r/go asn" aloy g%@%ﬁgg{tpeﬁ«gﬁe ggg feall oravided® SRR Sunits m: may b (sjt\.l/ggested
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
used.
20 The procedure used to determine Speciﬂc Capillary Surface Area
' (SCSA) and Specific Capillary Volume (SCV). of a capillary channel
structure is applied to a photomicrograph which shows a representative
cross-section of the capillary channel structure. The cross-section of the
structure is prepared for photomicrographing by embedding and
25 microtoming techniques known to those skilled in the art. The following
equations are used: ' |
(1) SCSA =sumover x = 1 to i, of P.,/pAs,
(2) SCV=sumoverx=1toi, of Avi/pAs,
wherein:
30 p = density of the solid (n e., polymer);



characterized by open capillary channels. It is conceivable that such
structures can have solid portions, appendages, and the l|ike, which do not -
ot herw se c@plogiptuibe to the definition of the capillary - -chanPEl/UsI?i48ali s
procedure. The above criteria will exclude perineter and void areas 25
correspondi ng to such nonfunctional portions of the structure fromthe
cal cul ations. Also, the cross-sectional area.qgf nonfunctional solid

el enent s - is not to be included in Yfié cal cul ation of As.
Excl usi on of such perineters and cross-sectional area is
exenplified in nore detail bel ow. Fig. 34 exenplifies a

capillary channel strubsdrarearfdne crossceeciien of capilanaghannelisobd of the SCv
and SCSA pr OcedurSeleré‘?\EFcRJ?ar t§QR¥\@abﬁqua1annel axi\éer%g{\ Bbehds those capil_l%rg )

PCT/ US97/ 14861

fragnment 800 of seharshdis within e )of oniteriz) (a)y asd @), capillary channel

voi d areas Av[err], Avferr Ay%err], Av err# W th correspondi ng
capi |l ary channel peri & &g over x = 1 te) af Py = the shm o tbfmﬂ_etp[%ﬁ SLHESS

t heoretical clgsu ' ; ; : rirefd © WN
are circles C[sérrféd@[r{a&rtﬁé sg'@?‘?’h’”%f‘]ﬂ'g re?éd'?iserri-, r f(]ér’rq@'??err
r[err], r[err] rpermpeterr®,svoynds|therdapiliainechannel @andds within the theeretioalli cul ar
to the line tangent to the.pojnts of intersection nferr], nferr], nferr],
nMerr], merr], nf't&sp','eﬁioémfﬁ‘ib@érr] C nferr], merr], nferr],

respectively, between {esGdvesRNitGYof Av, = the SiimCdfthe voicafdas ¢HtRE! ] .
Cerr], err], derr], (err], (Qerr] and the solid material of fragnent

goo. capillaryechannel studpies wherein each Awjiseaiculated astae _a;eaﬁr e
Gorr) “and o 2 17 BauhdF BV MG oprmeter of fib st Jotmig pig Bngtine 254 ), 6 i

Y[err], Y[err] which repreesiants theOnutaberef capiliarg channelsdn siee stractubstesfers
tangent lines t[e

, L . bet t , Wb , t] ly.
Avlerr], Avlerr], HA%PP ‘]?Sr:gé'ﬂﬁ%n refs of a éﬁ[lé&M%Llﬁyégg%égdyby
perineters Plerr] coa%%érlds A 1REf partof afdiRld Whithds %Bﬁg@)?tdﬁﬁérﬁrthb inteRbebf ﬂ[mee

cc[err], and cclerr respectively. Crcles (Qerr]Jand Cl err] represent

maxi mum si ze channeliand whicbris ofigiselented diameter thaticloseisreachecapiliary of

rorr] and at Phi IR Porefrthe GRS, fyetfard psioffhe Biegidind Ebid .,

120 degrees. ThusfolRwingefigsianted in this exenpl ary figure,
circles (Jerr] and C[err(] woul d each have radius of 0.025 cm after
reduction for magnifi cat(@bthesiraletGy igtangept ta Both wallseldhaicapillagy charnel, x,

| ength of the solid bourg?ﬁé/pbmtgwhgbgq?%%gé@?%ﬂsl Sndet ween the points of

20 intersection between e'circle an or "each channel. Cerr],
Clerr], and C b} forremeheapiltaryg chahmel, xfthewirncleuGx mediting (appl i ed to

portions of tE& struct urrﬁaximizes Avy for each such channel, x, subject to the limitations
that: . _
(i) the lines tangential to the intersection of Cy and the
- capillary channel walls intersect to form an angle of 120

degrees or less; and

25 _ (i) Cxcan have a radius of no greater than 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). -



whi ch do not qualify as capillary channels according to the criteria of,

this procedure. Hence, P and Av for these circles would be zero.
As woespmabers Plerr], Plerr], Plerr], and Plerr], aR@T/E§p7/4g6L
ccl[err], ccl[err], cc[er], and cc[err], can be 25 seen, the area of the
solid between nferr] and nferr] would be included within As si nce

such solid corresponds to capillary channel walls boundi ng channel s

within the criteria for Av in the cal cul atioB2of SCV and SCSA. Areas Alerr]
and Al er] which are bounded by linear extensions of the radii r[err]
rferr], (said radii being perpendicular to the |ine of tangency
between the circle C &Forcapiltary channélhstrustilites hevind eapiianynehannehwalifiid

o) 557 sy wAchaGS criS fhe'dfic b sov afd SESR il generay ot be of
truncates area A[,ﬁgrhéréél%@ﬁnf@ar@ﬁd&ﬁﬂh@lgﬁ\gwgﬁw HePeabiffel (%g%h

rlerr] of circle er ness plllary
Channel Wdth (C&iyctanes hereof, and\namgmeﬂahwbeMm'egardadmdbe(ca[culat]c)nsar e

det er m ned ac§sgg| Egotn gtgaGplllary %‘ﬁg res FElglplg? §;ﬂ¥ roced. res. are

i npl enented b ac:rcle
m crotoned cross-gRfbkigtuRiradias, as prowdédiébbwlléirthe(‘d‘}%@@' o%‘itfdﬂ@d’éc?as?é
previously described. For ca |I1ary channel structures havi ng
variation in Sl en@@xmgg ms—gect@aai areg (Av)ied e chanagln For capillany shappelr age
Structure Thi ckneg t X G annel s,
sufficient cross- sec | ons \ﬂt&@%ﬂ%‘&ﬁ@a r89§ Qéc{u%?agr oVl Jgjﬂeéliébe, slzﬂ'ccé‘ﬂ

representative wecrgssagctions ege belevalicated $o Pravide a@epréslemtatl\@weigﬂted

of MY Pl cafdtaegaclie ”rfq«r£¢§ e hoWaYeT amaRoren Y s efokuBs o e
capi | 1ary: channel fear lgngth (] trétaXi@3fechiBRler 1 ZasilryRirkirfiet of aﬂ%éﬁast

about 1.0 cm has erness Rati o, capl

and/ or average st abmt& 2cm, preferablwat least about 44 omt has, atsﬁvmsesmwubm
e euoh ot oL U g B oo, s P Ak e SR MELaribig L of
ggr poses of the pf?lﬁhyrménnel structure of t\txﬁ pr@eﬁtQthﬁdm equations are used:
: 15 For capillary channel sheets partlculariy those wnth capillary channel
bases of relatively large width, a representative sample of the product
having a fraction of the total width of the base can be substituted in 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
20 SCSA, as defined above, is to provide quantitative analysis of structures
characterized by open capillary channels. It 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
25 . corresponding to such nonfunctional portions of the structure from the:
calculations. Also, the cross-sectional area of nonfunctional solid elements
- is not to be included in the calculation of As. Exclusion of such periméters
and cross-sectional area is exemplified in more detail below.
" Fig. 34 exemplifies a capillary channel structure fragment 800 and

30 application of the SCV and SCSA procedure thereto. Shown is the



L =total solid perineter of the cross-section of the structure;

and 25 . Alerr] = total area of the cross-section of the
sol i d for mgRpedidisro structure perpendicular to the capckiuseyi48unnel
axi s. The foregoing equation for Slenderness Ratio treats
the fiber under consideration as if it has one channel -form ng wall
t herein. For channel ed fibers having a functional portion wherein
one or nore channels are 30 present, t formula for Slenderness Ratio
(S) can be given as: WO 98/ 07910
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[err] fragmeieB00 of solid (i.e., polymer) havmg area Mld:aﬁ[llary thaviree| 48id

her ei nbef ore defi ned;. and er of channel walls

'n the structur Gre8aAYAY: Avschvg With @wqqmaem@ap-%v@haanebpmet%t h

si des, channel s ph PL

CCWis the Iengt%"% p%e s%@gm&h ﬂé{?éésﬁilﬁs‘gﬁgﬁg?lgs qha cap%*f ary ¢ éﬁnﬁh?wn
wherein said chaare cifcles:Cs, 42, @71 Radii retri &, Wers &nirl) &, ¥s,dhan@ee eact whi ch
tangentially_contacts.th of intersectian w.th the cap| | I ary channel
10 vl | o of SeaiRpBRAdIar e fine tangahf I PRt ietsarbti oy Al
channel . Bow LS rﬁI Jilem% mcwr@spebﬁ%w%émbeﬁ% bbﬁ‘é%ﬁoﬁﬂiﬁged

channel s closable b ht cl osure chords shoul d be disregar
prior to the abo:mcles Cs, Czcﬁh,cﬁu, &5; BesCy7 and the solid material gf fragmemd 890.  or

O X PUhPO%E, G B3 R S £ B b so 13 o HIRD e
Cl, &2, G, 4, driterianAs@an besmtimleh C1 aﬁwsz Eireluﬁxted in radnuEhGrz Bp al so
Aerr] and 110l GRGISS Yorkwiion cRTERRTELZ0 dnarsecinaies 6f nfRTReIar betwearny a
ltoﬁrel m;ger c 'r-OS;([ gtgg\pent Ry ) td, %Hodﬁt\%eaﬁ tpt5., AlspeRBvapC APl AV AVENaRd AvaNd
are the areas bounded by perimeters P4, P2, P3, and P4 and curves ccy, cc, '
CCa, and cca, respectively. Circles Ca and C4 represent the maximum size
circle for capillary channel, wherein the angle of intersection of lines drawn
15 tangent to the circle at points ms, ms- and at msy and my, respectively,
would be less than 120 degrees. Thus, as represented in this exemplary
figure, circles Cs and C4 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 points of
20 intersection between the circle and the solid for each channel. Cs, Cs, and
C~ represent circles of maximum radius applied to portions of the structure
which do not qualify as capillary channels according to the criteria of this
“procedure. Hence, P and Av for these circles would be zero. As
perimeters P4, P2, P3, and P4, and curves ccy, ccp, ¢C3, and cc4, can be
25 seen, the area of the solid between ms and ms would be included within Ae
since such solid corresponds to capillary channel walls bounding channels
within the criteria for Av in the calculation of SCV and SCSA. Areas Aa
and Ay, which are bounded by linear extensions of the radii rz. ry-, (said
radii being perpendicular to the line of tangency between the circle C; and
30 the walls of the channel), are not included in As. Likewise, radius rs
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CLAI M5 WO 9879l ai m - 1. A distorted, bulky synt hetRCE/GIPAIASE | ¢

fi ber conpri sing: _ (a) a length of said fiber between 2 and about
37 mllineters, 5 . (b) a cross- section having a plurality of shapes
varying al ong the | ength 8| d fiber, : (c) a
single fiber bulk factor between 0.5 and 10 (d) a short range
distortion factor greater than 5, and ~(e) a | ong range

di stortion factor between 0.05 and O. The fiber _of claim

1 wherein said |EWdgates ar %Méﬂméhﬁrﬁlwmﬂ A hased §P°” extension ofrs ghe

fiber of claim 1c|m§rce| n said single fiber bulk factor is between 0.5
and 4. 0. 15 “4. The fiber of claim1 wherein said single fiber
bul k factor is betwee8lehderness Ratio (S), :ﬁapllkrﬁ Channel Width 8CW)eahdber of

ona 700 TS Rlyfagh Sinietf Thickiges fie R ineR ARG ta 45 °
di stortion fapt oprdcadifds/'&foliow. The roce’é!i’:?ég are Pnplefhenisdtibaséd upo

The fiber of claim1l wherein said Iong range distortion factor IS Between
about 0.10 and apbetomicregraph of a represgntative micrtemed erpas-sectiomef then sai d

|Of)28. range di stoplhipkhf @t bifudile%R breviously describBBC Hor SapiliaR €naRtd!

structures having variation in Slenderness Ratio, Capillary Channel Width,
and Average Structure Thickness in the axial direction of the capillary

10 channels, sufficient cross-sections should be evaluated to provide a
representative weighted average Slendemess Ratio, Capillary Channel
Width, and/or average sfructure thickness value. [f, however, any 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

15 Slenderness Ratio, capiliary channel width, and/or average structure
thickness value within the ranges hereof, then such structure may comprise
a capillary channel! structure of the present invention. Reference is made to
Fig. 35 for exemplary purposes of the procedures.

The following equations are used:

20 S = LY4A,
tave = 2As/L
wherein:

L = total solid perimeter of the cross-section of the structure;
and
25 As: = total area of the cross-section of the solid forming the
structure perpendicular to the capillary channel axis.

The foregoing equation for Slenderess Ratio treats the fiber under
consideration as if it has one channel-forming wall therein. For channeled
fibers having a functional portion wherein-one or more channels are

30 present, the fcrmuia for Slenderness Ratio (S) can be given as:
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-60 - 9. The fiber of claim1l wherein said fiber has a denier

" between 3 gyslogliItho - 10. The fiber of-claim1 wher pcwnsssithséi ber
has a deni er between 3 and 30. 5 11. The fiber of claim1 wherein
at | east one cross-section along the |length of said fiber has a
distorted "H' shape. 12. The fipgé_of claim1l wherein at |east
one cross-section along the length of said fiber has a
distorted "Y' shape. 10 13. The fiber of claim1 wherein at
| east one cross-section algn he | ength of said fiber has a
di storted "+" shape. §§L£’4M.N The fiber of claim1l wherein at | east
one cross-section al opgebdis: | ength 15 of said fiber has a
di storted "U' shape. 15. The fiber of claim1l wherein at |east

one cross-section al ong thk dndAy bre as hereinbeforetiefimed] dridoer has a
di storted shape, said shap I started

substantial ly as shown in gl%bi"&{b ; gfgﬁé > 1(3,.',3 Isin the E@% saig wallgbeing,i m
L e EarPr TR MR, o e & BANSHARS SR ot or sty B
closure chords. . -
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
10  walls of said channel in such a way to maximize 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. 35 shows, for exemplary purposes, a cross-section of a capillary
15  channel structure 900 having chords W1, W2, W3, W4, W5, and WS for
capillary channels C1, C2, C3, C4, C5, and C8, respectively, thus N = 6.
FIG. 35 also indicates the region corresponding to total cross-sectional area
Ast and indicates continuous line Py, the length of which is the total
perimeter L. X, - X, indicate points of tangency of the chords and the
20 cross-section. '



25 . superabsorbent polynmer and surfactant. 18. The fiber of

claiml formed froma heat shrinkable polyner. 19 The fiber of
claim 1 wheygbgnmes d pol yner conprises pol y(ethyl ene 30 -PCT/US97/14861

t erepht hal ate). V\D 98/:07910 T
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Cross-secti conposition of said fiber satisfy

20. The fiber—of cl ai rein said pol ym;‘_{?f conpri ses polystyrene or
f oamed pol ym & ﬁ 21 . The fiber claim1 wherein said

t he i nequal MYy (Pycos([err]a))/d > 0.03
dynes/ den; wherein Pis t heClphiM3et er of the cross-section of
said fiber in centineters, y is the surface tension of a liquid
in dynes per cendVerglaim [err]a i s an advanci ng contact angle
of the Iiquid ”Eqs%%teﬂeé t“)ulli‘;P s?MhEﬁéﬁonnié}lc fiber coMtising.om t he sane
material as said fiber and havin he sane surface t reat ment
and d is a denier ofa)salength DéSalglf iber betwesgn 2iansrabaut ovillimeters,

adhes on tenchon or{BicutssreRetavingis eiraft i ghippd eRfhe AN PreHagtn,

dynes/cmw th distill eafgmﬁbeﬁreasured on a flat surface made
fromthe sane material as said fiber and havin sane

surface treatnent. (C) asingle fiber b%“%@%‘i’%ﬂe"‘g? %Lﬂﬂqﬂ%of or tenporarily
acquiring and di st r‘]olaué Eﬂgrt @%‘Hgtomﬁﬂfaﬂor gré%ﬁ’é?’tﬁbﬁ@%n@ plurality of the

fibers of claim1 in‘proxim
(e) a long range distortion factor between 0.05 and 0.9.
10

2. The fiber of claim 1 wherein said length is between 2 and 19 millimeters.

3. The fiber of claim 1 wherein said single fiber bulk factor is between 0.5
and 4.0.
15

4. The fiber of claim 1 wherein said single fiber bulk factor is between 1.5
and 7.5. o

5. The fiber of claim 1 wherein said short range distortion factor is between
20 5 and 70.

6. The fiber of claim 1 wherein said short range distortion factor is between
about 18 and about 36.

25 7. The fiber of claim 1 wherein said long range distortion factor is between
about 0.10 and about 0.60. |

8. The fiber of claim 1 wherein said long range distortion factor is between
about 0.10 and about 0.49.
30 '



24. The absorbent st rm having a wet coll apse of | ess fhah

12 percent at a bul kK densi ‘\‘g g/cc 25 25. The absor bent
structure ﬁbgg}oeglm 24 %\M ol | apse is |ess PCT/US97148¢an 5

per cent . ombefit Structure of claim25 wherein the wet
col l apse is *essential | y zero. 30 WD 98/ 07910

PCT/ US97/ 14861 -62 -

27. The absorbent structure of claim23 vvherg In said structure has a bul k
density of less than 0.15 grans per cubic centineter. 28 The

absorbent structure_of claim 23 having, an absorbency in granms

wat er absorbed p& Thafibsr Ofn%l@lﬂﬂéﬁhﬂﬁlih?%ﬂﬁpﬁéhaﬁ@cﬁﬁm@" Mam%and 100
rel ease at 1 psi of |ess than about 50 percent. 29. The absorbent
structure of claim28 wherein the water rel eased at one pound

per square inch d0.Phefiber of claim ¢ whdrkimsaid diber Bas pxderdert betweeh(3 and 30.
30. An absorbent structure for permanently storing a fluid conprising a
plurality of the fibers of claim1l mxed with fluff pulp, chemcally

rodified’ 5. 41,k Sl Py 1HRGSRPACBASIInG Pl RieciBh NP B0

t her eof . 15 1. The absor ture o [aim 30 ha a bu
density of greater of said fiber has a distorted “H" shape.

12. The fiber of claim 1 wherein at least one cross-section along the length
of said fiber has a distorted “Y” shape.
10
13. The fiber of claim 1 wherein at least one cross-section along the length
of said fiber has a distorted "+" shape.

14.The fiber of claim 1 wherein at least one cross-section along the length
15 of said fiber has a distorted “U" shape.

15. The fiber of claim 1 wherein at least one cross-section along the length
of said fiber has a distorted shape, said shape prior to being distorted is
substantially as shown in Figure 17.

20

16. The fiber of claim 1 further comprising a coating of a superabsorbent

polymer.

17.The fiber of claim 1 further comprising a coating of a blend of
25 superabsorbent polymer and surfactant.

18.The fiber of claim 1 formed from a heat shrinkable polymer.

197The fiber of clairh 1 wherein said polymer comprises poly(ethylene
30 terephthalate).



than 0.10 g/cc. - /Mnt structure of claim 31 wherein
t he super absor bent ‘\“mok present in an anmount of greater
-than 35 weiwblog@g@ngent . \“\W&“\E“ 13

An absor bent strucPQTA&ISPTHI4861

permanently storing a fl ri%ing a plurality of the
fibers of claim1 mxed with fluff pulp having a wet col | apse
of less than 5 percent at a density of 0.0393 g/cc. 25 34. An
absorbent structure for permanently stori ng'@érfpri sing a plurality of

the fibers of claim1l7 in proximty to each other. 35. The

absorbent structure of .claim 34 having an absorbency in grans of
wat er absorbed pe20.giheildr ofedaim hivhereiprssid polynterrcostprisesioly stytere or WO

98/ 07910 PC‘&USQ?/ 14861

-63 - fRAmedPolystyrepe; of | ess than 30 percent, and a Rlerr]
of . greater than 2.5 g/ sec. 36. The absorbent structure
of claim34 further co risin?_fluff pulp, . 5 . chemcally nodified
fluff pulp, super@bskheiibrr gfslaimet whereinsaid seassosection and a surfaceer eof .

aianoni ol om ah (URRE o moP bty M HBERDS: TLers o DG e

10 38. An absorbent produ(Pycoe(@))/dd>f0.08dyhes/deaup consisting of a
di aper, a catangni al, and an incontinent device, conprising the
absor bent wherein:Pis theyperimater, of 4he cross-section of said fiber in

centimeters, v is the surface tension of a liquid in dynes per centimeter,
Ba is an advancing contact angle of the liquid measured on a flat surface

10 made from the same material as said fiber and having the same surface
treatment and d is a denier of said fiber in grams of fiber per SO00
meters of fiber.

22.The fiber of claim 1 further having an adhesion tension on the surface of
15 . said fiber of greater than 25 dynes/cm with distilled water measured on
a flat surface made from the same material as said fiber and having the
same surface treatment.

23. An absorbent structure for temporarily acquiring and distributing a fluid
20 comprising a plurality of the fibers of claim 1 in proximity to each other.

24.The absorbent structure of claim 23 having a wet collapse of less than
12 percent at a bulk density of 0.0393 g/cc.

25 25.The absorbent structure of claim 24 wherein the wet collapse is less
than 5 percent. ' ' '

26.The absorbent structure of claim 25 wherein the wet collapse is
essentially zero.
30



15 39. An absor bent prodmii‘vthe group consisting of a di‘aper‘

a catanenial, an nent device conprising the fibers
of cl ai m 1o 9807910 ‘“‘ m roduct sel ected froRCTAISIYL4861
consi'sting of a diaper,

cataneni al, and an incontinent device

conprising the absorbent * structure of cIa|n134 41. A
process for maeking a dlstorted bul ky synth c polyneric fiber

conprising the steps of: (a) exttding a nolten polymer from an
aperture of a spinnerette to form 25 an extruded polyner, the

aperture having a _non-round sha Ee; ) (b) cooling the extruded
pol ymer to form &7f Theebperbent stiuctuse opdiaim 23 wherein said stigicisre-hasca buolk

The fiber at a spectyEIeROkaEER R8s supis centimeger| @) 11 ANSEETTING

m nut e; WO 98/ 07910 PCT/ US97/ 14861

-64 - e ormng the fiber [nto a tow . ()
shrinking the fi @@r*ﬂéag ﬁg“?ﬁéepﬁﬁ}a!ngrhw B AksArbency; in grams of
sufficient tegperat nk
fiber having a gpshr uﬁéﬁe&?&s@?ﬁeﬁﬁ ?‘ZQ%WF f '\?%tép}fear' en tgg?ga %@o&étﬁﬁhgwﬁg’
shrunk deni er, wherrsieagenhat 1 psi ofdesethancaboltiS0 pdreeptovi ronnent at a

first speed and renoved from the environment at a second speed

which is slower than the first speed; and (g) cutting the shrunk
fiber to form a S THE abgbrientefructure of claim 28\AsérRiMtHe Watehreldiaseniat onger
has a | ength of between 2 and about 37 10 mllimeters, a single fiber

bul k factor betweenpoumsd petisquare,inch efipressure is less thanrabays 39 pereent.on
factor gr eat gf than 5, and a |l ong range distortion factor

30.An absorbent structure for permanently storing a fluid comprising a
plurality of the fibers of claim 1 mixed with fluff pulp, chemically modified
fluff pulp, superabsorbent polymer, or combinations thereof.

15 31.The absorbent structure of claim 30 having a bulk density of greater
than 0.10 g/cc.

32. The absorbent structure of claim 31 wherein the superabsorbent
_ polymer is present in an amount of greater than 35 weight percent.
20
33. An absorbent structure for permanently storing a fluid comprising a
plurality of the fibers of claim 1 mixed with fluff pulp having a wet
collapse of less than 5 percent at a density of 0.0393 g/cc.

25 34 An absorbent structure for permanently storing comprising a plurality of
the fibers of claim 17 in proximity to each other.

35. The absorbent structure of claim 34 having an absorbency in grams of i
water absorbed per gram of material of greater than about 20, water



between 0.05 and 0. 9. Mprocess of .claim 41 wherein the

step of transporting TS at the of between 10
meters per W@ 4HH7eL0 gﬁ \r\“%cess of ctaim 41 mg’g@@?’%‘eiggt ep
. *Th

of transporting |s at t of between 2500 and- 3200 neters
per m nute. process of claim41l wherein the step of

shrinking, the enV| ronrrent Is a-wgger bath at a tenperature of
bet ween 70 and 100[err]C. 45. The process of claim 4l wherein the
step of shrinking, the shrunk denier is at | east twenty-five

e 0 o2t e, ! afbidae B PoR(MAIOLs RN 85 percef, and a Ray Srebll REAEES ©f

claim4l further conprising,  prior

drawi ng the fiber ugtsec. substantially am)rphous retaining conditions to
forma drawn fi ber. WO 98/ 07910

PCT/ US97/ 14861 -65 -

47. The process g ?hé'éﬁséfthérwL@%ﬁé?ﬁ%ﬁﬁ'%%k%ﬁ@%ﬁ#ﬂwgulgghe st ep

of | ubri cati ng s of
claima41l further coofpernmaﬂg mddified 8pf pafp, soperabsoribentfpdiymer, difcomblmandms
precursor solution g}ﬂa uperabsorbent polymer, drying the

precursor sol ution, curing the precursor solution to formthe

super absor bent pol yner. 49. The process of claim4l further

conprising the ste ;)s of coating the fiber
An absorbent product selected from the group consisting of a diaper, a

catamenial, and an incontinent device comprising the fibers of claim 1.
10
38.An absorbent prdduct selected from the group consisting of a diaper, a
catamenial, and an incontinent device comprising the absorbent
structure of claim 23. |

15 38.An absorbent product selected from the group consisting of a diaper, a
catamenial, and an incontinent device comprising the fibers of claim 17.

40. An absorbent product selected from the group consisting of a diaper, a
catamenial, and an incontinent device comprising the absorbent
20 structure of claim 34.

41.A process for making a distorted, bulky synthetlc polymerlc fiber

‘comprising the steps of : _

(a) extruding a moiten polymer from an aperture of a spinnerette to form
25 an extruded polymer, the aperture having a non-round shape;

(b) cooling the extruded polymer to form a fiber having an as spun

cross-section shape;

(c) lubricating the fiber;

(d) transporting the fiber at a speed of between 500 and 3500 meters
30 ~ per minute; .



10 with a mxture of a surfa a precursor sol ution of a

super absor bent pol yner, re, and curing the mxture to
- formthe syg §,g,;;§@rbent” l/'zmn r"m mﬂ 50. The process GCRUSHIHSE1
wherein the |ber of step (b (a) a Specific Capillary Vol une

of at least 2.0 cc/g and a Specific Capillary Surface Area of
at |l east 2000 cnferr]/g or (b) aGSI enderness Ratio of at |east 9
and at | east 30 percent of intra-fiber channels with a
capillary channel width of |ess than 300 m crons. 20 51. The process
of claim41l wherein the fiber of step (b) has (a) a Specific

Capi |l l ary Vol une o¢e)|fosmingfhe ﬂbeointo/ajow a Specific

Srendernéss Rati o 0] Snusung i it By Hiseodta e bt apyionmans néving

channel's with a capi |ét§ﬂ¢ieﬁmﬁfp§ratmdweﬂéclg§rﬁaﬂ<ﬁfg bithe fitleP toFarmPashrurie
52. The process of claim51 wherein the fiber of step (b) has a single

fiber bul k fikgrthaving a sheunk drpienatjeast five percea repter thapEeRee- of
claim41l whegein the Eatm ape.
-66 - 5 54. Theaﬁyggggg%‘?@@? mhﬁﬂj\)\ﬁer ern 'be%@to tﬁQ e“l}’r']mé’F“o{’gs? s%ct I on
shape is a "fifst s;beemaand rerﬁovédifroiﬁhmqwmamaﬁ atlaasenomﬂ speedei n

the as spun cross-sect o o ver thad the first speed; and’ " 2P<

(g9) cutting the shrunk fiber to form a shrink-cut fiber,
wherein the shrink-cut fiber has a length of between 2 and about 37

10 millimeters, a single fiber bulk factor between 0.5 and 10.0, a short
range distortion factor greater than 5, and a long range distortion factor
between 0.05 and 0.9.

42.The process of claim 41 wherein the step of transporting is at the speed
16 of between 1000 and 1500 meters per minute.

43.The process of claim 41 wherein the step of transporting is at the speed
of between 2500 and 3200 meters per minute.

20 44 The process of claim 41 wherein the step of shrinking, the environment
is a water bath at a temperature of between 70 and 100°C.

45.The process of claim 41 wherein the step of shrinking, the shrunk denier
- is at least twenty-five percent greater than the pre-shrunk denier.
25 '
~ 46.The process of claim 41 further comprising, prior to shrinking, the step of
drawing the fiber under substantially amorphous retaining conditions to
form a drawn fiber. |



I —
56. The process of cI aim 41 wherein the as spun cross:=section shape is a

cHoszhgggt |\§% 9§WZ§B@ | s Tn“\“ﬂmmmmmﬁém ;4/1a\émg[lgm ;[ EGF?EG%@S?/W“

58. The process of claim 41 @her ei*n fhe® step of extruding, the nolten 15

pol ymer is poly(ethyl ene terephthal ate). 59. The process of claim58
wherein the nolten polyner is extruded at ag5- tenperature sufficient
to provide a viscosity of 400 to 1000 poise to the ~ ol ten pol yner
when exiting the aperture. 20 60. The process of claim59 wherein the

2. A process. T onTrEn® pEoLSSencleim 41 fyrther torY G ka0 cHBNG id Blep o

conprising the steplubnt:atmgtheshrunkabeextrudl ng a nolten polyner from an

aperture of a spinnerette to form an extruded pol ymer, the
aperture having a non-round shape; (b) cooling the extruded H

pol yner to form agf TRE prédeds CHim1 Ritbr comprising the SteS b7 285ting the B8
30 (c) lubricati ngrpt he fi é’)’b%i’bg B 'ha?h Ber
PCT/ US97/ 14863 with precursor solutzon of a superabsorbent polymer drying the

d) transporting th d of t ween 500 neters

|(er i nutg ° Erecu )so '(Opr %BgtcHémg ﬁ%,pre%ﬁors utlon & ormthe

shrinking the cut fsijsdrabsoenepylyr@iment having a sufficient

49.The proéess of claim 41 further comprising the steps of coating the fiber
10 with a mixture of a surfactant and a precursor solution of a
superabsorbent polymer, drying the mixture, and curing the mixture to
form the superabsorbent polymer.

50. The process of claim 41 wherein the fiber of step (b) has
15 (a)a Speciﬂc Capillary Volume of at least 2.0 cc/g and a Specific
Capillary Surface Area of at least 2000 cm%g or
(b) a Slenderness Ratio of at least 9 and at least 30 percent of intra-fiber
channels with a capillary channel width of less than 300 microns.

20  51.The process of claim 41 wherein the fiber of step (b) has
(a) a Specific Capillary Volume of less than 2.0 cc/g or a Specific
Capillary Surface Area of less than 2000 cm?g and
(b) a Slenderness Ratio of less than 9 or more than 70% of intra-fiber
channels with a capillary channel width of greater than 300 microns.
25 .
52.The process of claim 51 wherein the fiber of step (b) has a smgle fiber
bulk factor greater than 4.0.

53. The process of claim 41 wherein the as spun cross-section shape is a
30 “H" shape.



5 tenperature to effect shrinki of the cut fiber to forma
cut-shrink cut fiber | ng a shrunk deni er being at |east
five percegosiiBafocr t I‘“\“m‘ a“{ pre-shrunk deni ePCT/US97/14861 62.
The process of claim®6 “Mm “shrink fiber has a | ength of 10
between 2 and about 37 mrllt¢metefs, "a single fiber bulk factor between

0.5 and 10.0, a short range dlstortlon factor greater than 5, and a | ong
range di stortion factor between 0.05 and 0.-$6 - 63. The process of
claim 6l wherein the step of transporting is at the speed 15 of

bet ween 1000 and 1500 neters per mnute. ' © 64. The process of
claim6l wherein the step of transporting Is at the speed of
bet ween 2500 and 0 neters r.mnoute. | 20 65. The process of claim
61 whor i n tho st 16 PEORESHAT GEIT 41 Wereindfia adspun cross- Section ghape f&am or
air streamat a tenpergh; eﬁ of between 100 and 200[err]C and
wherein steps (a) through (e) are performed continuously at a

process speed of fromgreater than 2000 to 3500 nmeters per mnute. 25

mei ers por i Rut €5 TRe Brocestiaity A1 BB S5 IRE a3 EREH rdsfdRtia Rheme e op
of shrinking, the ft¥eashadpas a residence tinme of 1 to about 30

seconds in the environnent and wherein WD 98/ 07910
PCT/ US97/ 14861 - 68 -

steps (a) througlsg fhe %’r@c&%@f%ﬁﬁ%f WP SIHTHE ‘2% sﬁ.macraéé’ S8ctiory BRSPe M a
“U" shape. '
10
57.The process of claim 41 wherein the as spun cross-section shape is
substantially as shown in Figure 17. |

58. The process of claim 41 wherein the step of extruding, the molten
16 polymer is poly(ethylene terephthalate).

59. The process of claim 58 wherein the molten polymet is extruded at a
temperature sufficient to provide a viscosity of 400 to 1000 poise to the
molten polymer when exiting the aperture.

20
60. The process of claim 59 wherein the polymer extrusion temperature is
between 270 and 300°C.
61.A process for making a distorted, bulky synthetic polymeric ﬂbér -
25 comprising the steps of: - -

(a) extruding a molten polymer from an aperture of a spinnerette to form
an extruded polymer, the aperture having a non-round shape;
(b) cooling the extruded polymer to form a fiber having an as spun
_ cross-section shape;
30 (c) lubricating the fiber;



from greater t han 2ooowm nut e. 68. The process
of claim67 wherein the cess speed 1S about 3000 5 Srasie’
m nut e. WO 98079809 Th ”Im msﬂ,m" m.61 wherein the cutt s |nﬁ fiber
has a shrunk deni er L m Ieast twenty-five percent greater
t han the pre-shrunk denier. $70+ The process of claim®61 further
conprising, prior to cutting, the step of -67- drawi ng the fiber

under substantially anorphous retaining conditions to forma
drawn fi ber. 71. The process of claim61l further conprising, after

shrinking, the st Epéﬁ?faﬁr%]&%oqirlﬁi fib&Pdt d'Spdetf of éw@HHSUO?hB%BOD meters

72. The process of er conprising t e steps of coating t

fiber Wi th ppercmirute, sol utlon of a superabsorbent polyner, drying
t he precursor sol yti S g curing the precursor solution to form
the 20 supereﬂ%)s@h‘tB@Stt ?)g Alad 73. The process of claim®61

furt her conpri sing 1esfiififiy Be EQXMis i shridrBAment having a sifficerd, 1 xt ur e

of a surfactant and t1on of super absor bent
pol ymer, dryi gy the mternpaatmadocsﬁech@mrﬂmgmf(thﬂ@ttﬂberztsformaCUt-ﬁhrmklwt

Fi'ber of Step (b) has fioer having ashiun nfr BEFREaee R Mls RatatlGisRter HAR 4,

2.0 cc/g and a Specifigre-shrunk denier. Capil.lary Surface Area of at |east
2000 cnk/ g or
62.The precess of claim 61 wherein the cut-shrink fiber has a length of
10 between 2 and about 37 millimeters, a single fiber bulk factor between
0.5 and 10.0, a short range distortion factor greater than 5, and a long
range distortion factor between 0.05 and 0.9.

63.The process of claim 61 wherein the step of transpoﬁing is at the speed
15 of between 1000 and 1500 meters per minute.

64. The process of claim 61 wherein the step of transporting is at the speed
of between 2500 and 3200 meters per minute.

20 - 65.The process of claim 61 wherein the step of shrinking, the environment
is a steam or air stream at a temperature of between 100 and 200°C
and wherein steps (a) through (e) are performed continuously at a
process speed of from greater than 2000 to 3500 meters per minute.

25 66.The process of claim 65 wherein the process speed is about 3000
meters per minute.

67.The process of claim 65 wherein the step of shrinking, the fiber has a
residence time of 1 to about 30 seconds in the environment and wherein



-69 - (b) a Sl em at | east 9 and at | east 30

percent of intra-fiber ™

Is with a capiltary channel vmdth

ot Comosemn oy AN e o1 o rcimint

2.0 cc/g or a Specific Capillary Surface Area of |ess than 2000
cnferr]/g and (b) a Sl enderness Rahbo of less than 9 aor nore than
70% of intra-fiber channel s wi fH”a capil | ary channel width of
greater than 300 m crons. 10 76 The process of claim75 wherein the
fiber of step (b) has a single fib bul.k factor greater than 4.0.

77. The process of sters (R)aramghy (&) ar etnﬁmtmeﬁpﬁnﬂt@u@yglygéa prosess speed of a
"H shape. 15 ot gTQ&eP[I%Ff&Q@{O 5%@6 meQéTsWrﬁ‘;@té he as spun

Cross-section shape 'S
claim 61 wherein the as spun cross sectlon shape is a 20

80 The process Ial m 61 f he as un Cross-se
5 Bgifh o8 Sl . g

"U' shape. SrRPCEES PRIt IS, PROCESH Spae

"The process of

"+" shape.
tion sha e is a
t55abopt3000

cross-sectiorg Shap%ét%rsTPermmuteSUbSt antially as shown in Figure 17.

82. The process of clai
terephthalate). 30

61 wherein the nolten polyner is poly(ethylene

69. The process of claim 61 wherein the cut-shrink fiber has a shrunk denier

being at least twenty-five percent greater than the pre-shrunk denier:

10 70.The process of claim 61 further comprising, prior to cutting, the step of

drawing the fiber under substantially amorphous retaining conditions to

form a drawn fiber.

71.The process of claim 61 further comprising, after shrinking, the step of

15 lubricating the cut-shrink fiber.

72.The process of claim 61 further comprising the steps of coating the fiber

with precursor solution of a superabsorbent polymer, drying the

precursor solution, and curing the precursor solution to form the

20 superabsorbent polymer.

73.The process of claim 61 further comprising the steps of coating the fiber
with a mixture of a surfactant and a precursor solution of a
superabsorbent polymer, drying the mixture, and curing the mixture to

25 form the superabsorbent polymer. -

74.The process of claim 61 wherein the fiber of step (b) has
(a) a Specific Capillary Volume of at least 2.0 cc/g and a Specific

Capillary Surface Area of at least 2000 cm?g or



70 - ' 83. The pmees&-ef——e—l—&i—m%&—vxherein the nolten pol yrrér S

extruded at a ff lent to provide a vi scosM_Z of 400
to 1000 poiwe 980791be Im Iﬂl@iﬂ Wrrer when exiting t hePGPAISPT14861 5

84. The process of clai pol ymer extrusion tenperature is

bet ween 270 and 300[err]C. 85 A m xture conprising a superabsorbent
pol ynmer and an additive ‘providing aggower initial contact angle
with distilled water than the 10 super absor bent pol yrer. 86. The
m xture of claim85 wherein the additive is a surfactant. 87. The

m xt ure of claim85 erinthead'.ti e.|s nonj oni ¢ et hoxyl ated, 15
fatty acid ester. %%dem% ' rogaﬁ*eﬁ?gl d8§ﬂ \3}%& ttoglntra-ﬁber
super absor bent pol ynerc ér]mg capillary r@nﬁepwlmlésEzﬁﬁh%da_.ﬁlH?aﬁé.' de’

and i sobutyl ene. aim1l coated with a m xture
conprising a copolyner of nalelc anhydrlde and | sobutyl ene and an

addi tive conpri si noni oni et hoxyl at ed cid ester.
20. A fiuid hanagthd e HPGEss &f eaimB1rhgen e g rsfie ytas’ ()
insulting a t@ shegh) afSppeiRCapiayVauARLSHIews tﬁaraznoawg@w% Spedific
t he absor bent product being selected fromthe gr UB ongsi sting of a
Capillary Surface Area of less than 2000 cm“/g and
(b) a Slenderness Ratio of less than 9 or more than 70% of intra-fiber

channels with a capillary channel width of greater than 300 microns.

10 76.The process of claim 75 wherein the fiber of step (b) has a single fiber
bulk factor greater than 4.0.

77.The process of claim 61 wherein the as spun cross-section shape is a

"H" shape.
15
78.The process of claim 61 wherein the as spun cross-section shape is a
“Y” shape. '
79. The process of claim 61 wherein the as spun cross-section shape is a
20 “+" shape. |

80. The process of claim 61 wherein the as spun cross-section shape is a
T shape.

25 81.The process of claim 61 wherein the as spun cross-section shape is
substantially as shown in Figure 17. |

82.The process of claim 61 wherein the molten polymer is poly(ethylene .
terephthalate).
30



di aper; a cat aneni al |, and an i ncontinent device; (b) acquiring of
the aqueous fluid by the absorbent structure of claim23 from

2 IR reermes

(c) desorbing of the aqueeUSCfI‘w & ffomt he absorbent structure to a

storage core, the storage core being selec fromthe group

consisting of fluff pulp, chenically nodifi fluff pulp, superabsorbent
polymer, the fibers of claim17 and conbinations thereof. 5 91. A
fluid managenent process conprising the steps of: (a) insulting

a top sheet of &3.Tneprogass qficial 1wher5|arthammspalymems extruded at a

i aper & cat aneni GrPaRtE sEFERETE praiha adisty R 0B hdia s e, o

“the aqueous fluid impltéh@omﬁgrwhgm exitingthe 'apectures| ai m 23

fromthe top sheet; (c) desorbing. of the aqueous fluid fromthe

absorbent structure to a distribution |layer; and

(d) desor bi ng ofg4t f WhErdi ' or age
co?e thz % or age ccggrlée“'rﬂse:l§ ng séep g?ggwgﬁ *@é%’?ﬁﬁ %’%n‘zrfi i ng

of bétwder27and3e0PCal |y nodified fluff pulp,

super absor bent pol ynmer, the fibers of claim17 and

conbi nati ons thereof. 92. The fluid rranagerrent process of claim

91 wherein the @éhrm&mrb%{ﬂg@goa stBerabsorbérit |c Cfgfaﬁqdnm group

consi sting of: ) ers having a pe ary Vol une of
at least 2.0 cc/g praviding a lower initial contagapgte w:tlu:dﬁtllledwgat&uﬂ'l'amdbeAr ea of

at | east 20 cnier a Sl enderness Rati o of at | east
9 and at g@t B‘é%é’%ﬁ?or&\enf HP‘yQ]q’i ber channels with a

capi || ary channel wi dth of |ess than 300 m crons and 25 (b) fibers
havi ng a Specific Capl | lary Volunme of less than 2.0 cc/g

Specific Capi| | &6/ Thamixtuse of claingi85 whereim the muvetsza@urfaﬁf@n&

Sl enderness Ratio of less than 9 or nore than 70% of intra-fiber

channels with a capillary channel width of greater than 300 m crons.

87. The mixture of claim 85 wherein the additive is a nonionic ethoxylated
15 fatty acid ester. '

88.The mixture of claim 85 wherein the suberabsorbent polymer comprises
a copolymer of maleic anhydride and isobutylene.

20 89.The fiber of claim 1 coated with a mixture comprising a copolymer of
maleic anhydride and isobutylene and an additive comprising a nonionic
ethoxylated fatty acid ester. -

90. A fluid management process comprising the steps of:

25 (a) insulting a top sheet of an absorbent product with an aqueous fluid,
the absorbent product being selected from the group consisting of a
diaper, a catamenial, and an incontinent dévice;

~(b) acquiring of the aqueous fluid by the absorbent structure of claim 23
from the top sheet; and
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-72 .- 93. The fI ocess of -.claim 92

fibers of YVOPSAEIL m M“ “Ler bul k factor of Wﬁﬂl#%a
4. 0. 94. A fl UI denment sprbcess conprising the steps of:

(a) insulting a top sheet of an absorbent product with an aqueous fl ui d
the absorbent product being selected from{he _group consisting-of a

di aper, catanenial, and an incontinent device; (b) acquiring of

t he aqueous fluid by a d| strlbutlon | ayer or the di stribution
| ayer and the absorhent uc e of clai,m

sheet; and b)g ?ﬁ PRAUSPUS ﬂ@'é&ﬁ@cﬁ? taer&r%mq‘l'f@ toa

di stribution |ayer or?tbhf*% cors, the storage B béiRg isefsttédem m&d%ﬁow?he

absorbent structure o orage
storage core being sec@mssetmgofcﬁuff nulpgc!wmmadimm@dlfa@ﬂuff pulp, superabsorbent

i ber s’ of el ai m 17 arlOWRIHS ki Ts of pindy SAE SoMBAEER Rt Tl "°

managenent prgpcess of claim 94 wher el n the distribution |ayer s
selected fromthe gAlgup consi stin (a) fi bers havi ng a
Speci fic Capi | | aB¥-A/Buighfpapagemen B!'§Fe§s gompriging-nestepy of: Speci fic

Capillary Surface @jaéﬁ
Sl enderness Ratio gﬁg‘fsgfte s?{ an%é%?%e%gsﬁé#tgje'?g{e‘%ﬁ”o | rﬁqruae-c_’ H slglé"r'd
channels with a capi Itrwabsdrbamaﬁ:rodudtbelng setected fram &@g@prmismg of a

(b) fibers having a Specific Capil olurre of fhan 2.0 cc/g or a
Specific Capillary SuB!a&’@é %P@'é?'?ﬁm?e 8 @nd r&rﬁ%H K€ /g, and a 25

Sl enderness fgatio qp bégéinhﬁ%?tﬁe ﬁﬁuééﬁéaﬂtﬁlhf!ﬂ( the%sorbelit stnich8rof claim 23

channels with a capl annel wdth of greater than 300 m crons.
96. The fluid nanagenﬁnmtb\edepﬁbect claim95 wherein the fibers of (b) have

a single fiber bul licf 88&8.%”?5 op{h%aéqeffeohgﬂlélfrgm the absorbent structure to a

distribution layer; and
(d) desorbing of the aqueous fluid from the distribution layer to a storage
15 core, the storage core being selected frdm the group consisting of
fluff pulp, chemically modified fluff pulp, superabsorbent polymer, the
fibers of claim 17 and combinations thereof.

82. The fluid management process of claim 91 wherein the distribution layer
20 is selected from the group consisting of:
(a) fibers having a Specific Capillary Volume of at least 2.0 cc/g and a
Specific Capillary Surface Area of at least 2000 cm?g, or a
Slenderness Ratio of at least 9 and at least 30 percent of intra-fiber
channels with a capillary channel width of less than 300 microns and
25 (b) fibers having a Specific Capillary Volume of less than 2.0 cc/g or a
Specific Capillary Surface Area of less than 2000 cm?g, and a
Slenderness Ratio of less than 9 or more than 70% of intra-fiber
channels with a capillary channel width of greater than 300 microns.
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83. The fluid management process of claim 92 wherein the fibers of (b) have
a single fiber bulk factor of greater than 4.0.

94. A fluid management process comprising the steps of:
5 (a) insulting a top sheet of an absorbent product with an aqueous fluid,
the absorbent pi'oduct being selected from the group consisting of a
‘diaper, catamenial, and an incontinent device;
(b) acquiring of the aqueous fluid by a distribution layer or the
distribution layer and the absorbent structure of claim 23 from the top
10 sheet; and |
(c) desorbing of the aqueous fluid from the distribution layer or the
distribution layer and the absorbent structure of claim 23 to a storage
core, the storage core being selected from the group consisting of
fluff pulp, chemically modified fluff pulp, superabsorbent polymer, the
15 ﬁbers of claim 17 and combinations thereof.

95. The fluid management process of claim 94 wherein the distribution layer
is selected from the group consisting of:
(a) fibers having a Specific Capillary Volume of at least 2.0 cc/gand a
20 “Specific Capillary Surface Area of at least 2000 cm?/g, or a

Slenderness Ratio of at least 9 and at least 30 percent of intra-fiber
channels with a capillary channel width of less than 360 microns and

(b) fibers having a Specific Capillary Volume of less than 2.0 cc/g or a
Specific Capillary Surface Area of less than 2000 cm?/g, and a

25 Slenderness Ratio of less than 9 or more than 70% of intra-fiber

channels with a capillary channel width of greater than 300 microns.

96. The fluid management process of claim 95 wherein the fibers of (b) have
_ ~ a single fiber bulk factor of greater than 4.0.
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