-~

PCT/ US97/ 04470 WD 97/ 37065 - ‘POLYPROPYLENE FI BERS

AND | TEMS MADE THEREFROM . BACKGROUND COF THE
| NVENTI ON - - Field of the | nvention The present
i nvention relates to synthetic fibers 5 espeC|aIIy useful in: the
manuf act ur e ygf gfM@GRkOVeN fabrics. In parti cul ar, PERUSHA4EN¢
I nvention relates to fibers intended : for such use, including

processes of their pro\%a&%hgpnlﬁ&d FIBEF'abr ng.pﬁpé)s,ﬁﬂaowgfggpggnoduci ng the

fibers, as well as nof and articles containing

these fibers. More 10 speci fical | bers of the
present invention are capabl e MQ—“N%—H t feeling nonwoven

material s that -havesBighof the Inventéosile strength.  Further, the
nonwoven naterials arepresent 4nv%h€58@"ﬁbi§¥§$abk6 ak ﬁ@ﬂ&ﬂ 4 eda®eakur es

whi | e havi ng superi 3re strength ert |(g$ n%vu vics. I
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whi ch. have strength e ietiual puRie i9heakas
t han nonwoven ° * such VSTt mcalﬂg?ﬂgg %&8 eéiﬁ S(Iﬂ; wei ght'. St | i further,

the fibers compOSJ-téPthéoﬁrB§@ﬁ‘t‘°+?ﬂ/e§ﬁ? bers .c Asatied o SHAMYOVER on

hi gh 20 ﬁl&q(tmféﬁdne&,rtlemeh asoht gimimpeathesar difiidpeand bondtiomg
machi_nes. ackar rdat ;_,I' bl
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wi th hygi ene, netlirzaviddpe é?ftmf?)%]sl%d“’cW@VFPk@aESrlals thatfoﬁ'ﬁvﬁuéngf‘o
gr ow. Nbreov@%n5118| kttyngtind erarrcigy, ahéd nonwoven maséhpdlisL are

qualities often  nust

continues to exERﬁﬁTaﬁ boqd%%lguLEQ?E%%rEX%-%r;gﬁges while haviB k%ﬁgerlor

t her ef r om havi r@tmﬁ’céﬁ%ﬁéfiﬂ edNEAHAERG Gyefs-directionado§aRedgtlzg
The prsoducti on e Fﬂlb}é&‘erof | e Priegendonmwesst oMmican ks incorporatedismabl y

I nvol ves the usfovper aba@:f% e:?éhé S hedVR Qx@@é’ﬁral\é" tw}i'uch have strength
properties that are equal to or dgreater than nonwoven
materials of higher basis weight. Still further, the fibers
of the present invention are capable of being run on high

20 _ speed machihes, such as  high speed éarding and bonding

machines.

2. Background Information
The requirements of nonwoven fabrics used in applications
concerned with hygiene, medical fabrics, wipes and the like
25 continue to grow. Moreover, utility and economy, and
aesthetic qualities of;en must be met simultaneously. The
market continues to expand for polyolefin fibers and items
made therefrom haVing enhanced properties and improved
softness.

- 30 The production of polymer fibers for nonwoven materials
usually involves the use of a mix of at least one polymer with
nominal amounts of additives, such as stabilizers, pigments,
‘antacids and the like. The mix is melt extruded and processed
into fibers and fibrous_products using conventional commercia:

'35 - processes. Nonwoven fabrics are typically made by making =
web, and then thermally bonding the fibers together. For
example, staple fibers are converted into nonwover Zabrics

using, fcr examplie, a carding machine, and the cardel fabric
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antacids and the like. The mx is nelt extruded and processed

into fibers and fibrous products using conventional comercial 35
processes. Nonwoven fabrics are typically made by naking a web,
and then t heV@am¥6%ondi ng the fibers togeth% For PCT/US 198470 €,
staple fibers are converted into nonwoven Tabrics using, for
exanple a carding nmachine, and the carded fabric WO

97/37065 is thermally bonded The thefKQYLgﬁﬁaihﬁfﬁﬁn be achieved
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thermal bonding, 4 r@&%\@ﬁ@eléam%@mda&wdﬁpegb@@%ﬁa& Hdcesses. Also,
Conventi onal thermall iggonded nonwoven fabr| cs e ood | oft

and softness prof&PFPesdabier RIFCYSTEF GRPi 1R 1640 needlePuBFByégdl Y9hal
strength, and | esdrt Inaarmphhtmanrg)sslltrasonlc weldiinge @ndohptirsé¢ntsnmg hingy
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bonded nonwoven fabrj (r:]fog gﬁ 15 gl entation of th

fibers and the i @8 FnFﬁﬁ propertles‘ bBHE p6PFt &han optimal
Over the years, |qrptstwdtmnt:slhaak lseeengbte iamdf | bess than optimaefii cdross-

g;gvhggdzgrfggg;gg?%gtgéégfQﬁﬂ%ngt?EF#fﬂHﬂb&na&ﬁ@ﬁruyth hlgh elo ?EQEBHvenﬁﬂgs
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hygi ene product s ,o34CRo3aedl apers and other types of incontinence

roducts. In particular,
P P Over tge years, improvements have been made in fibers

which provide stronger bond strengths. However, further
improveménts are needed to provide even higher fabric
20 strengths at lower bonding temperatures and lower fabric basis
weight to permit use of these fabrics in today's high speed
converting processes for hygiene products, such as diapers and
other types of incontinence products. In'particular, there
is a need for thermally bondable fibers, and the resulting
25 - nonwoven fabrics that possess high cross-directional strength,
high elongation and excellent softness, with the high cross-
" directional strength (and softness) being obtainable at low

bonding temperatures.
Further, there is a need to produce thermally bondable
30 fibers that can achieve superior cross-directional strength,
elongation and toughness properties in combination with fabric
uniformity, loftiness and softness. In particular, there is
a need to bbtain fibers that can produce nonwoven materials,
especially, carded, calendered fabrics with cross-directional
35 properties on the order of at least about 200 to 400 g/in.,
more preferably 300 to 400 g/in, pfeferably greater than about
400 g/in, and more preferably as high as about 650 g/in or
more, at speeds as high as about 500 ft/min, preferably as
high as about 700 to 800 ft/min, and even more preferably as



is a need for thermally bondable fibers, and the resulting 25 -

nonwoven fabrics that possess high cross-directional strength,
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nonwovenygabrics hayiy aarimsms.sw\epgbfeﬁibiyoasanw d9 gbydRyd®, or lowdn
20 g/yd2 Thus, it 3:%é¥é¥;§r%%?r£8?h8¥% %§§6> éfn%%gendln% upon use, have

properties at a basls
preferably | ess thanbasdgt WQBQ’Q?)RQ f@@‘eﬁxm%erp tably2$ e/yd®, preferably

than about 17 to 18§ =/24dg/yaven rmre preferably | ess than about

15 g/ yd[ err] and even n%r% Pl Sf er hleess Eagveﬁbork'atejriajlo is art%{é(.ld.l.arl
and nost preferably as Iow 45570 [0} cf[err P Y
Commer ci &f fabri cs ippogtaat todde, v ﬁ@nBBWusé"huﬁavlé’mduc"-s contaiping

basi s weight of, f@oressmpbiwoddiiivolild2be grord %bb]aalpﬂig?,feﬁﬁblt&iereby produce
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particul arly
softer layers.

Various techniques are known for producing fibers that

20 are able to be formed into nonwoven materials having superior
properties, including high cross-directional strength and

softness. For example, U.S. Patent Nos. 5,281,378, 5,318,735

and 5,431,994 to Kozulla are directed to processes for

preparing polypropylene containing fibers by extruding

25 polypropylene containing material having a molecular weight
distribution of at least about 5.5 to form a hot extrudate

having a surfaée, with gquenching of the hot extrudate in an
oxygen-containing atmosphere being controlled so as to effect

oxidative chain scission degradation of the surface. 1In one

30 aspect of the process disclosed in the Kozulla patents, the
. gquenching of the hot extrudate in an oxygen-containing
atmosphere can be controlled so as to maintain the temperature

of the hot extrudate above about 250°C for a period of time

to obtain oxidative chain scission degradation of the surface.

a5 As disclosed in these patents, by quenching to obtain
oxidative chain scission degradation of the surface, such as

by delaying cooling or blocking the flow of quench gas, the

résulting fiber essentially contains a plurality of  zones,

defined by different characteristics including differences in



15 inportant to the ultimate consumer. Thus, products containing
softer nonwovens woul d be nore appeal.ing, and thereby produce

greater sales of the products, such as diapers including softer

| ayers. _ Vari ous techniques are known for producing fibers

t hat 20 WO 91735068bl e t 0 be forned into nonwoven nat eri al Bciress708170
superior properties, including hirgh tross-directional strength
and sof t ness. For exanple, U S. Patent Nos. 5,281,378, 5,318,735

and 5,431,994 to Kozl a ﬁcﬁ«edi Lgeked txﬁ%fé&ﬁ%é»seswfa%htb-l melt:']ngﬁ;eBé%PQ

pol ypropyl ene contarni ng, rs by éxtruding _pol ypropy _
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ot extrudate in an oxy.qen-cQptaini . al qRsAsLs £an .
control l ed so as t“c‘)atr?aajl%t di %R?h%{ {léf%%g'r“%?hartee zone®d . r}glfgt%é %ngﬁ‘nsu_ie"_:o-
extrudat e above abdtsidR[Erey@eorin e janpust ofwxidative chajip spiasien

oxi dative chain schsBiiridedegdala®io®f M ctUekaG6rds8d the quenching 68 the
di scl os g in thes g@tgg gudbg qg%nggingxtgegb%%kgainin atmosd gdative

chain s&r'ssion deé?adatl Aiof the suttaCerIsuclToas 9 86 Hel &thg®®
cool i ng or bl ocki repntrelilegysef aguehctbtgds, at fiber having a deonglasiing webalt
essential |y cont ai f\feragd wbakthar®iwei@REStowards the surdakienss dne dibker emha

(I;g'?'; 3%;?; 622'788 i na(lzzlu uiq'licrzl:%agii.;xé%reqlc%iosiﬂnrate towards tkie %gr?gc/:g’ 700f6§:he fiﬁ%f't
flow rate, nolRulexamplee gHerefenned: figer quopaises an inner zone having

bi refrimgence, ori£nisiightn agtdagé Widddulairt Weidhit RET kbout a00, 000 to 450, 660
030 0520 1, (NESEAILR, o RS POAEUCRLUIEAS e surtace or Wi WEBS:
having a weight average molecular weight of less than about’
10,000 grams/mole, and an intermediate zone positioned between
the inner zone and the outer zone having a weight average
20 molecular weight and melt flow rate intermediate the inner
zone and the outer zone. Moreover, the inner, core zone has
a melting point and orientation that is higher than the outer

surface zone.
Purther, European Patent Application No. 0 630 996 to
25 Takeuchi et al., which is incorporated by reference herein in
' its entirety, is directed to obtaining fibers having a skin-
core morphology, including obtaining fibers having a skin-core
morphology in a short spin process. 1In these applications,
a sufficient environment is provided to the polymeric material
30 o in the vicinity of its extrusion from a spinnerette to enable
the obtaining of a skin-core structure. For example, because
this environment is not achievable in a short spin process
solely by using a controlled quench, such as a deléyed quench
_ utilizable in the long spin process, the environment for
35 obtaining a skin-core fiber is obtained by using apparatus and
procedures which promote at least partial surface degradation
of the molten filaments when extruded through the spinnerette.
In particular, various elements can be associated with the
spinnerette, such as to heat the spinnerette or a -plate



5 _oxidative polyneric degradation, an outer zone of a high
concentration of oxidative chain scission degraded polyneric

material, and an internediate zone identified by an inside-to-

outside increase in.the anount of oxidative chain scission

pol yneric deg?veﬁ’d’g{"']mg I n other words, the quenching of t he PEA/USITO44T0 1, ot
extrudate in an oxygen contai ni ng at nosphere can be . controlled
so as to obtain a fiber having a decreasing wei ght aver age

mol ecul ar wei ght t cisebdiatéd witrhf abe sfirmesefitdperso asdto provide a gnfficient

increasing melt flQ:gnifb%g‘ét{ﬁ‘e"are%ﬁ'gﬁméiﬁfa%% of eddte ththe surface ofFQ'he
exanple, a preferre rrgml Ses an inpey zone h?“ n

wei ght average nol &raAefe POIY™EFLapBRFS18R! 006°t € 35"806 skin-core” fiber
grans/ nol e, an out en:rmmaremcl udi ng the surface of the fi ber,

having a wei ght aver age g} gCtl,3h ‘!é‘e' ﬁﬂ%olgéad 5% chbafly tion No. 0 719 8789

10, 000 grans/ nole, and an_interne te _zohe positioned between
the inner zone and tch&ogutt? %ﬁérﬁg\tﬂeﬁgt% Wt @HOSFEAgRe08oskin-core fibers
mol ecul ar wei ght a%aJEEbhnf}bé)\lpnfdﬁle:ednﬁﬁﬁéﬁdvﬁﬁadéﬁeohﬂﬁmﬁ.ons while ensinieg

and the outer zone. 8¥§<:3u1chl‘%f' ‘Eﬂ@ maff%e.ogrﬁ}ﬁ)l@a§lbers that ¢ ";931&\)1'&%

poi nt and orientati on her
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25 10 Takeuchiel#hgakionvimd itoughneser.porated by reference herein in

its entirety, is direct ediiP AR ngtf iQeJExﬁovn?\{:'hQ\Q B18K50- of materials can

core nor phol ogy, |nclud|ng obtalnlng bers having a s I n-cor
mor phol ogy in a sh&e exrRdpd otesPLain hidessappFPEarremRe. v.s. Pateng No.
suf ficient environmeraBsi,s7pr @v ded dadayhegpohyneisc dinketedl t30 compositiions

the vicinity of itgy @g%fégixﬁ%ﬂehﬁg‘ é‘ﬁz%o't%”%?t%ﬁ Je‘}gg BaBt & propylene %élgﬂ r

. obtai ning of a skin- ucture exanpl
envi ronnEht is not CRRRPENIAR @ MAIST SHPIRtsBE PTRYASRS- “and 95 to 5% oPIWEIght
- using a controlled ottuancdspo]:weln af ethjdleagedithienpllar monomer, atchiaablimyl

in the long spin progesge,t hﬁetﬂﬂ)ﬁ. " HRERAEr) Ph SO v:.nyleneOb}:é’f%ﬁQ:@ alkyl

. skin-core fiber is obt al ned dsin tus, an procedur es
“which pronote at | @5ZY1RE8% m¥&rli‘%c‘éioe§e§’?‘ad‘é‘tr}}’6ﬁdene halides.q¢ C‘P‘H%"?ﬁﬂlpé‘ﬁ
filaments when ext midddnt tbheudirdade spipeneset Belladay et al.| dnpantiecdlands
- various ghements CaRnpeiasagCs aégdséi!tﬁbﬂiﬁ—opylene and SGLAOGSSIdig1yS U om
as to heat the SF”|1 %Lgtgeéé”§5< gthylene/v1nyl acetate copolymer, expressed as
weight percent of the ultimate blend. The compositions of
Holladay et al. may be formed into fibers, films and molded
articles of improved dyeability and 1low temperature
25 characteristics. |
.~ Moreover, U.S. Patent No. 4,803,117 and European Patent
Application No. 0 239 080 to Daponte are directed to melt-
blowing of certain copolymers of ethylene into elastomeric
fibers or microfibers. The useful copolymers are disclosed
30 to be those of ethylene with at least one vinyl monomer
selected from the group including wvinyl ester monomers,
unsaturated aliphatic monocarboxylic acids and alkyl esters
of these monoearboxylic acids, where the amount of vinyl
. ~monomer is sufficient to impart elasticity to the melt-blown
35 fibers. Exemplary copolymers disclosed by Daponte are those
' of ethylene with vinyl acetate (EVA) having a melt index in
the range from 32 to 500 grams per ten minutes, when measured
in accordance with ASTM D-1238-86 at condition E, and
- including from about 10% by weight to about 50% by weight of
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-5- associated with the spinnerette, so as to provide a

suf ficient tenperature environnent, at |east at the surface of
the extruded polyneric material, to achieve a skin-core fiber
structure. 5WO937065 Still further, European Patent AppCreseiasmoNo. 0
719 879 to Kozulla is directed to the production of skin-core
fibers that can be produced under various conditions while

ensur ijng vihpe aeed?lséi fbnéthed harcwd | spdrardadheyf 'g;befns ayolaatl g8® to
provi de onwov, pri.cs ving superiaqr. cross-directiong
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met hacryl ate, vinyleng garbonate al kyl ac#guﬁ%fs, vi nyl hali des
and vinyl i dene hal +BELUdRGPALi t187L ~ one polymey ( feleciRd nEEAR Sit¥he IZPUP
Hol | aday et al: i nthothedbhe npisl@¥xhylene, poﬁyprqpy@pﬁbi(pdE¥qudn¢pr@ppyéaae
and Corﬁgﬁpondlnglxapégpﬁgrs (general13PQ¢hen E9a85@ﬁ5%4““fﬂﬁﬂéﬁﬂgg g%%ﬁé@%?,

copol ynmer, expresse wei'ght percent. of the ultina
The conpositions oP¥oPYlene copqlymers,, &Pgaﬁ.cmwrﬁo%&lﬁm PELEMS, OF
films and nol ded more of theaski slatsriels.i nThevedtrdygaabe| bigndand Dapwmnte

tenperature 25 usuafi@’ Al @RIH C¥rom at 1least ;Loé/brﬁy\’%e-iscgits- ofat Rk
No. 4,803,117 and European, P [ication No. 0 2 080 t

at ent Ap . Q
Daponte are direct 8HY e?ﬁﬁY¥n;i °°P°1YmeBI8Ranr?W FHAE N T80 Y s WEf 9bt
et hyl enasinto el astonebowt 90% by weiffhbeof diie mostidyiibgr polfner usef ul
copol ynmers are di scl osegy 3k /17226 th0 d28shBPSE: 041 ?tiylﬁ%é@ehh_t%t al e¥okess

one vinyl nononer sehegted fromthe ro%g |nclud|ng vinyl ester
nmononer s,  foypxpdrGing LAPRRA: ARABRBESY BRxTRPEIGR I §EORNd R AD1e
esters opolymse nohergdsy bosheriednacikclds, pdlymet hdlamguntcaof \ingyhde

nmononer i's sufficighiyéfetimArt gh@stiakty JAykbgy®hd - bhawn F>iypropylene.
L1 bers: eIV SSROL IS, OB 0O8 Do DBROILE, 8L L9880 a0w by weone
of one or more additional dispersed or continuous .phases
comprising compatible or immiscible polymers, for example, up
to about 20% by weight of an adhesive promoting additive,
~which amongst other materials can be poly(ethylene wvinyl
25 acetate) polymers.

8till further, it is known that composite fibkers, e.g.,
having a sheath-core or side-by-side structufe, can be
produced with different polymers in thé different components
making up the composite fibers. For example, U.S. Patent Nos.
30 4,173,504, 4,234,655, 4323,626, 4,500,384, 4,738,895,
4,818,587 and 4,840,846 disclose 'heat-adhesive composite
fibers such as sheath-core and side-by-side structured fibers
which, amongst other features, include a core that can be
composed of polypropylene and a sheath that can be composed

35 of ethylene vinyl acetate copolymer.
Further, U.S. ‘Patent No. 5,456,982 discloses a
bicomponent fiber wherein the sheath may additionally comprise
a hydrophilic polymer or copolymer, such as (ethyl wvinyl
acetate) copolymer. ' h |



the range from 32 to 500 grans per ten m nutes, when neasured in

accordance with ASTM D-1238-86 at condition E, and ~including from
about 10% by wei ght to about 50% by wei ght of WO 97/ 37065

PCT/ US97/ 04470 vinyl acetate nonomer, nore specifically from
about 18%to WO97R7065  apout 36% by wei ght _of; vinyl acet at gr:ﬁg%% % and
nost - specifically fromabout 26%to about 30% by wei ght of vinyl
-acetate nononmer, with an even nDre speC|f|c value belng about 5 28%
by wei ght. i i

modi f yi ng | pg&xgﬁr 4 r’Pétldiny beaan obef 'Taet'i%le%?t edni&%ﬁéﬂd&& ana
group includin east one e rom rQup _

i ncl udi ng pol yet hyFEﬁéac56F§7§Fbﬁl EMET e, I y ﬁFerfglel“e%m the)' rthexed

copol yners (gener adkywahfsr shbwing hme—l/mntn}tmgny:mbademam@g Of 'the invention,
propyl ene; copol ynegs, i}#ﬁne copol yners or blends of two or nor e
of these Taterials: e extrudabl e bl end of Dap

i ncl udes fromat |east E896by vkfht of tHeld) ﬁl“s‘tﬁ?ﬁﬁl en‘é’/"?ﬁ%yﬁecuonal
‘copol ynmer and fromecgh€ayaratbems 034 bfibersgliccbrding to the apwederd)%nwention

wei ght of the ”Dd'LX£HSu9°Lﬂ8WEng the sk;F-core sé¥%é¥ﬂf€7%%6thg @?ﬁéﬁ@r et

al. is directed to a-proce roduci ng fibers and nonwove
fabrics frominm scibl eFlg 2 SCheBBFyﬁ%}llbl éﬁ&k‘sﬁﬁé\‘%’?n & hEXMBr§7s HPRERY
can incliuge compoped il af pabyme:s ilendasccqpalipgt hyl e praisent invention
pol ypr opyl ene. 20 . I p

200 by wer gnt - havins of e S e et e B o b
phases conpri Eidg @OrTﬁ&PPBPEIB?UrYTm%&PEFEag ®F yifer EKiRoFORK arfiPeT
up t 0 abeuvinp3S8d WBE wepghymerf hﬂ&n&dh@ﬁdndingroanﬁhdupraddnt|ﬂmyentlon

o) aonost ot ka4 gt o ML SHE AW aznce senf L

pol yners. conposite f
e.g., 15 ha?Pi§- a sheath-core or side-by-side structure, can be
~produced with differentFpgl yaesshemat i ldiyf flérlastrabepomdnisomponent sheath-

core fiber comprising a sheath of a polymer blend according
to the present invention having a skin-core structure.

Fig. 5 illustrates bonding curves of cross-directional

20 strength vs. bonding temperature.

Fig. 6 illustrates bonding curves of cross-directional
strength vs. bonding temperature for different basis weight
nonwoven materials.

. Fig. 7 illustrates the pattern for the calender roll
25 utilized in the ekamples of present invention.

Fig. B schematically illustrates a curve of cross-
directional strength (CDS) of nonwoven material vs. bonding
temperature. | |

Fig. o 1llustrates a Differential Scanning Calorimetry

30 (DSC) endotherm.

Figs. 10, 1l1a, 11b, 1llc, 1l2a, 12b, 13a and 13b illustrate

spinnerettes listed in Table 8.

DISCLOSURE AND DETAILED DESCRIPTION OF INVENTION
The present in#ention is directed to and provides:
35 (a) Thermal bonding fibers for making fabrics. with high
cross-directional strength, elongation and toughness;
(b) Fibers for making nonwoven materials that are softer
than those made with polypropylene fibers; '



making up the conposite fibers. For exanple, U. S.. Patent Nos. 30
4,173, 504, 4,234, 655, 4323, 626, 4,500, 384, 4,738, 895,

4,818, 587 and 4, 840, 846 di scl ose heat-adhesive conposite fibers
such as sheat h-core and si de-by-side structured fibers whi eh
anongst ot heW@@M”5es, include a core that can be PCT/ORO4IEY Of
pol ypropyl ene and a sheath that can be conposed 35 of ethyl ene vinyl
acet at e copol yner. Further, U S. Patent No. 5, 456,982

di scloses a (c) ﬂ3399¥399ﬁéﬁeffiB@%éWQEEEhncﬁéﬁhéﬂm%a%BnGBWell at lower
additionally conpris hydrophilic polynmer or copolymer, such
as (ethyl vinyl tempeﬁ@é?ﬁ?%) copol yner . WD 97/ 37065
PCT/ US97/ 04470 (d) Polypropylene fibers with a relatively flat bonding
BRI EF DESCRI PTI ON OF THEGLQRAW NGS The invention will

be better under st 00 and . .characteristi t.hereof are
illustrafed in the‘%Qnn<=3‘:§€'c’j"“a‘[Jj bonding of; é\?mgﬁ§§ §'ﬁo£ﬁ"’@ SP(?HG‘F‘PH\ FPHgeratures
enbodi nents of the inveddtiilen, ma3ntaining iligii odxoss-directional sEresgth,

1(a) j 1(9) 11 ughilBe i o O S%%hbﬂﬂéés of the re%%ﬁft:l.g%r aﬁéﬂ’sﬁ@véﬂ
fibers according to the présent invention hout sho
skin-core structure of Me&*fpbers. Fi g. 2 schemat i cal I y

illustrates a skinefor e birbeted bonding windie8d obkafinpeg el atkepdcurve of
accor di 18 to the pr eser}_&os@"ﬁ?i‘é@@lonal strengé}?vx}lléqg ﬁwrg'f'a rer{l}% ! Cgf]talvt\.ﬁx% t&e

outer surface zone and the 3'S
il lustrates a skin-cor ®egMgér thermal bongingo,fy SFbérf)olasFrrell°UF§nob°ndmg
according to the presenrfemperentires while mainthivimgy highsetrese-&iegectional

bet ween t he outer surf%g;e gg %&d% e 18suiti &Rf& ” 1, whereb
Fig. 4 schematically il_lust at es, a bico %‘%\enltngsh% en materia ‘core oY

“fiber conprising a shedfWesf %“‘b’d?%/ﬁ!?F“PSFéE‘éF%&(F&ndPﬁgutlthd to ePBth?lé:he
presentisnventi on havi mptaiskhy- cbrsofianicionweven materials;

(g) Lower basis weight nonwoven materials that have strength

properties, such as cross-directional strength,
elongation and toughness that are equal to or greater
than these strength properties obtained with other
20 polypropylene fibers at higher basis weights;
(h) Fibers and nonwovens that can be handled on high speed
machines, including high speed carding and bonding
machines, that run at speeds as great as about 980
ft/min (300 m/min}; and/or
25 _ (i) Biconstituent or multiconstituent fibers having a skin-
core structure produced from blends of polypropylene and
polymeric bond curve enhancing agent.
The present invention is directed to various forms of
fibers, including filaments and staple fibers. These terms
30 . are used in their ordinary commercial meanings. Typically,
herein, filament is used to refer to the continuous fiber on
the spinning machine; however, as a matter of convenience, the
termé fiber and filament are also used interchangeably herein.
"Staple fiber" is used to refer to cut fibers or filaments.
35 _Preferabiy, for instance, staple fibers for nonwoven fabrics
useful in diapers have lengths of about 1 to 3 inches (about
2.5 to 7.6 cm), more preferably about 1.25 to 2 inches (3.1
to 5 cm).



Fig. 5-llustrates bonding curves of cross-directional 20 strength

vs. bondi ng tenperature. - Fig. 6 illustrates bonding curves
of cross-directional _ strength vs. bonding tenperature for

di fferent basis weight: nonwoven mat eri aI S. . Fig.
7 illustrat MOPH¥attern for the cal ender roft_2 PEYU$784 n t he
exanpl es of present invention. Fi g 8 schematically :
illustrates a curve of cross- directional strength (CDS) of

nonwoven material vs. BgndifFerences to b@ﬁaebatﬂbﬁdlng curves, and bdnding®
illustrates a Differential_ Scanni D! dot.herm

SC), .e
Figs. 10, 1la, |15%%RE °f2§r°f2689’i§‘ééh%’barf ‘y‘ﬁeﬁ S8t Ve et ehpEAn S AT
spi nnerettes |isted ¢urvimbplotgied with temperature RISHNESIREBXARD SDRT AFIED -

DESCRI PTI ON OF | NENB N onal strength oﬁrhetl{ér esﬁ'&txlbnveﬂ'itﬁn £ Smpk F G rRE
to and provides: 35 Eé) mal ng(g{ ng fi bertﬁj ITB.kI n abrics
with high increasing, & iShaft g‘ﬂgﬂ? ﬁb ag‘ﬁ{i cross-.

t oughness; dlrec(tb):nﬁﬂbsrtsehgthnahcngaﬂmg\owamﬁneralazlncg ttmaat araxis,
sof t er such as"311hBERE: R0 Wiid) ol DI opyl ene fi bers;

WO 97/ 37065 /U§97/ 04470 1
-8- (c) P&ltyﬁyFoB%%‘?me”’f%‘bé’PEanf‘%ht‘? PBy BoRBSwRtyechiona

| ower strengsipedat tueslized herein, (djt Potefierepytenetli¢e beross-
with a El atively dl ft'étctligﬂglngtrength of the non@HYE matdrial . (e) .

Ther mal bondi ng of

bers at r I n enper at ur es
whi | e mai ntai ni ng hi gh T8foB8Y HF‘?%&%QS‘%&I °gt Fhfgthptant invention can be spun
el ongati on and t ougitoefibefs thye vaesahs ipmpaesseeVvisrrluding long spin and short

spin processes, or spunbonding. The preferred fibers are
staple fibers, and are produced using spin equipment which
15 permits controlled quenching.

More,specificaily, with regard to known processes for
making staple fiber, these processes include the older two-
step "long spin" process and the newer one-step "short spin®
process. The long spin process involves first melt-extruding

20 fibers at typical spinning speeds of 500 to 3000 meters per
minute, and more usually depending on the polymer to be spun
from 500 to 1500 meters per minute. Additionally, in a second
step usually run at 100 to 250 meters per'minute, these fibers
are drawn, crimped, and cut into staple fiber. The one-step

25 - short spin process involves conversion from polymer to staple
fibers in a single step where typical spinning speeds are in
the range of 50 to. 200 meters per minute or higher. The
productivity of the one-step process is increased with the use
of about 5 to 20 times the number of capillaries 1in the

30 spinnerette compared to that typically used in the long spin
process. For example, spinnerettes for a typical commercial
"long spin® process would include approximately 50-4,000,
preferably approximately 3,000-3,500 capillaries, angd
spinnerettes for a typical commercial "short spin" process

35 would include approximately 500 to 100,000 capillaries
preferably, about 30,000-70,000 capillaries. Typical
temperatures for extrusion of the spin melt in these processes
are about 250-325°C. Moreover, £for processes wherein
bicomponent fibers are being produced, the numbers of



materi al ; (f) A greater bonding wi ndow by obtaining a flatter

curve of 10 —= cross-directional strength vs. bonding tenperature
to permt thermal bonding of fibers at | ower bonding

t enperatures whil e maintai ning high cross-directional

strength of woemsessl ting nonwoven material, whereby - PCTIUSOT/04470 | OVer
bondi ng tenperatures can be utilized to enabll® the 15

obtai ni ng of softer nonwoven material s; (g) Lower basis weight

nonwoven material s th have s erties such
as  cross-direct it Har%FFeﬁ sgt° the number of gFEJg'Q%‘{‘)’?%rPe&H& eBtgRtRYs
that are.equal to ard gseafléy not the number of tdepililhzses sin erigt bppnopeet tes

obt ai ned wi th other 20 h p t |
wei ghts; el GRS S B e o) IR BR fene

speed i#igantly gt ht G SR &PGi anaﬁatbmﬂ niPRg

- machines$ that rursgin s:pmeedssasn greeats @€ abeutiu@thing conditions neédédr for
(300 mmin); and/ Qpi2p continuity(l) 18 CROSLALMENYLQ %l: Lgong %&r}%%‘fﬁh hd)le

fibers having a skjn- " Core structujed) produced
of pol ypropyl ene Sfpsity spinnerettes fRARRIEG ArpRR 1&9r peterfAHENKG . agesnch
The present i nventaion ve;lcehittqcusquu\iaedoms thenranfe of about 3fod®+s,000 .

including fil amntﬁ:ﬁrﬂ%uﬂeaﬁbecginpféée iﬂnﬁlﬁg Wlthllh oz"i‘e elt?:?f?%él%w

their or di nary commerci a] meani ng t
is usedl®o refer t h%P’éH?ﬂ’ierﬁEGu§aﬁeber '5% e c°ntrar¥he1§pltﬁﬁ| Aeng spin
~machi ne; however, pecasantvith chinoivg sperds, of hebout 1000-1500 GelBrsyhidute

and filanent are ijs?\e‘?ﬁ@g 'Qtﬂﬁp%‘éﬂghyagfr@éﬁc1t§ in the rax%é”‘péf out'

fiber" is used tore to cut ber’s or fi
for instance, stap% tPi BBPst ?d@%veﬁe#%hldsabout 300 to 5087 - ('hmutef

di apers have | engtilss uagledabout 1 to 3 i nches (about 2.5t0 7.6

cm, moje preferably a%%'itlllf%:r}tkg 2 Enghes (& b
WO 97/ 37065 * of ST $ilcesses,
lncludlng those processes wherein the fibers produced from the

polymer are directly made into a nonwoven material, such as
being spunbond. _
' In a spunbond process, the polymer is melted and mixed

20 in an extruder, and the melted polymer is forced by a spin
pump through spinnerettes that have a large number of holes.
Air ducts located below the spinnerettes continuously cool the
filaments with conditioned air. Draw down occurs as the
filaments are sucked over the working width of the filaments

25 through a high-velocity low-pressure zone to a distributing
chamber where the filaments are entangled. The ehtangled
filaments are randomly laid down on a movihg sieve belt which
carries the unbonded web through a thermal calender for
bonding. The bonded web is then wound into a reoll.

30 The polymer materials that can be used in the present
invention include any blend of polypropylene and polymeric
bond curve enhancing agent, such as ethylene vinyl acetate
polymer, that can be extruded under suitable conditions to
form a fiber having a skin-core structure, such as by long:

35 spin, short spin, or spunbond processes. Further, it is noted
that the composition, i.e., the polymer blend, that is to be
extruded, such as through a spinnerette, to produce filaments
is generally referred to as either the polymer blend or the
extrudable compesition. Further, while £fiber, filament and



All references to bond or bonding curves, and bonding curves of

cross-directional strength vs. tenperature are to a curve
plotted with tenperature on the X-axis and cross- . di recti onal
strength on the Y-axis, with tenperatures 5 increasing fromleft to
ri ght ‘al ong tWe9¥3M& s and cross- [rectional st PEHYEH/04470

I ncreasing upwardly al ong the Y-axis, ' “such as illustrated in
Fig. 8. It is noted that when t he term nol ogy

cross-directional staple fibeS! ré‘é‘%@ch§s€é'éﬁc¥®d Bﬁ{r@dhfﬁérerrﬁf RESnifgs Nais
cross- 10 directional siren t he nt;)PnV\oven nat

The pol yner bl ends ®f ™3&ESFnseant® %H\?B‘PIFPS?I can P& sBﬁ:ﬁmus ' Terms #heo 318°
fi bers by various praidesséselpcteftinmgd ongasrﬁmb%:ndhsmlwut this disctepsure.

processes, or spunbondi ngg.Thespef aol ey fd R4S - @(5Fe structure cai B3R! Brepared
fibers, and are produced usjing spi n_equl pnent V\:hl $ q

control | e8 quenchi Ry extruding a Pde%r’@%‘EfEc‘?WE&ISF'?g RPE¥P ‘é%g]r?f‘? gne @
known processes forsoftening pol;mmlmngadd:ﬂ;dve Bsbarhott kasrufator,c andsprovi didgy
the older two- conamo%geeo LRRE SAL ol BaS%aR0bRRs NEVEIL AN BN By a

"short spin" cess. ong spin process Involves Tirst
nel t - extrudi ng 20 Sskin- corFlﬁéFEC%Yr?yplcal spi nni ng speeds of 500 to 3000

nmeters per NMhiehe re fenchc iy @ cupobythersje pbadt exgniowlidyy popyhpmet os
be spun : t t B UL mohdfL L4 O

second 10 ‘{é%qlﬁggg e :%%nggg %6 ?%5? met ang perfém %?It t_%ot %s@ore
fibers FONEX i, 1EF?-H‘E:€EH °(17-l¥f“eirﬁt o staple fiber. The
one-step 25 ShOf‘IiheSpry‘ﬂm‘@B_‘éﬁel aamlcmnpmeavenﬁlmﬂybr@pymehynﬂuad as
stapl e a g phca | re
in . t he éﬁg{eﬁcﬁf%o t%lhg Bglg%%)ﬁ?s per éﬁ%ntﬁft%elagraehfg et e

productivity of theSYSECERESLEr ocb%%tafcé:%cncﬁégseﬂt%%‘:f?lf’ﬁg uE@lYPmPYlene -
~of aboutid to 20 timu&iexgnuphet:.ailpapaﬂd arfiddyi nishea8fic, or at least
spi nnerette conpared g that15ypi ¢ahy UEEQtéé‘tzféw '0”&01%2%}%py1enes The

process. For exanple, spinnerettes plca connerc
"l ong spin" proces@W&PVﬁﬁ’l‘%ﬂé’a&’pFPoPF VEFS b apypgyocess. For example,
pref erably appr oxitmeat pbyyprébﬂ%eisc&nﬁ)(be p&apai:édimselag Zedgller-Natta catalyst

spi nnerettes for a . lht—zoﬁ r . BEPEESSertebus metai’ﬂtg
~include apprOX|nat 500 capl arles prefe Iy,
about  38%000- 70, Ocﬂ?ta@é’ﬁltl F&FF%@S - Typi cal t enper at ur es

for extrusion of the spiFarpkét, ias hbedchgredimgsshs texrms polymea:se'pabpulefins,
FThere 1% ot no PATRSRH] | RISl tnchude ReASHESRA:
: : various polymers, such as copolymers and terpolymers, and
mixtures (including blends and alloys produced by mixing

25 separate batches or forming a blend in_situ). For example,

the polymer can comprise copolymers of olefins, such as
propylene, and these copolymers <can contain various -

components. Preferab'ly, in the case of polypropylene, such

_ copolymers can include up to about 20 weight %, and, even more

30 preferably, from about 0 to 10 weight % of at least one of
ethylene and bﬁtene. However, varying amounts of these

components can be contained in the copolymer depending upon
the desired fiber. _

Further, the polypropylene can comprise dry polymer

35 pellet, flake or grain polymers having a narrow molecular

weight distribution or a broad molecular weight distribution,

with a broad molecular weight distribution being preferred.

The term "broad molecular weight distribution" is here defined

as dry polymer pellet, flake or grain preferably having an MWD
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- 10 - caplllarles refers to the nunber of filanments being

ext ruded, _ and usually not the nunber of capillaries in the

‘Spi nnerette. The short spin process for manufacture of

pol ypr opyl en®O 97/37065 fiber is significantly different RCIHESIT470
conventional long 5 Spi n process rnitefms of the quenchi ng

condi tions needed for spin continuity. In the short spin
process, wi th hi 08aHQke (i ., we.aydeDEIky. AR.ARRELIRE. SRLANLE BPUWKE 410
met er s/ m nute, ~quench air veloci'ty is required in ran

" about 3, 000- 8, 000discussed hexqing; pf; ati fergmARAut Berpﬁaéﬁﬁ?#% %tlrﬁaﬁt
one inch bel ow 10about 5.5} heospipredentatd yf aceleastiaalide gontrary, in the

| ong spin p S, pi n bo 0-

meters/ mnute bt f%éﬂhs Fﬂé %&3'% g%fléve#%m ?’% |%§9%ar or

range of> about  branched, 56“?% %“E)(fhﬁc:ll‘?ﬁ%tbé( Up?ef Breeny Bpout S50 450 %60
ft./ mnute, Hostett8ryselicH S s incorporatedSbhyl kefettdded hdrdier Srcdns

be Spun by Other BLOGESSES.ana is preferkfS) Uil NO3RARLOSEIRRS Wi tEllng

the fibers produce ner are rec
nonwoven materi al "—h§uéhba§ °f the presqﬁ;\ rﬂg“@ﬁ‘@ﬂl?andthe POlypropylene tlonb&

spunbond process, mhle EeltypnEibessmebhhednetddsi yellyRfopylene cdnpo¥itions as

extrudey, and the, g%%‘ﬁatﬁ)% e spggéﬁgdA 1%&? F; No. 0 552 0{&”% Gupta

t hr ough splnnerettes have *a ge nur
ducts | ocated bel W tae -sprhifat e%%e&nﬁ'aﬁlt’??ﬁ‘ﬁﬁf%lkiycéeﬁe%ﬁéce herein in its
filaments with coedtireted @Euill fireNeflowdlgaenr Blasdd ich as disclosed in

filaments are SUCF:S ?XS{lotP&tM k'l%%lvfc%ttr:].oﬁf gge fé' 3‘?@'[ 387?95 which 1is

t hrough a hi gh-ve gessu one to a drstrib
chanber where thelﬂFPER@ﬁ?Ee r ®¥ent@FRFRFe 1’Fhe“ént8ﬁ§+§%ltyr can also be
filamentss are randefiyzédid down on a noving sieve belt which

carri es Lhe unbonded ahe WAUGH b LREL MRIEgARLENEEL Jvoropyiens pollA! BG

The bonded web is then woun nto a
materials that cadegeribed Pareke »fecdehermined according to ASTM 'D-1238-86

(condition L;230/2.16), which is incorporated by reference
herein in its entirety.

20 The polymeric bond curve enhancing agent that can be used
in the present invention can comprise any polymeric additive,
or mixture of polymeric additives, i.e., which is additional
to the polypropylene, that provides (a) a flattening of the
bond curve, (b) raising of the bond curve, i.e., increase in

'_ 25 cross~directional stfength and/or (c) shifting to the left of
the bond curve, i.e., to lower temperatures, of cross-
directional strength vs. bonding temperature of a nonwoven
material, so that the strength properties of the nonwoven
material, especially the cross-directional strength, are

30 maintained or increased with a skin-core fiber. Prefefably,
the comparison of the flattening, raising and/or shifting of
the bond curve is relative to the bond curve for nonwoven
material produced under the same conditions from fibexs
produced under the same conditions except. for the absence of

3is the polymeric bond curve enhancing agent.

'  The raising of the cross-directional strength includes
herein the raising of at least some points of the cross-
directional strength of the bond - curve, and preferably
includes either raising of the peak cross—directional strength



i nvention include any bl end of pol ypropyl ene and pol yneric : bond

curve enhanci ng agent, such as ethylene vinyl acetate ' pol yner,
that can be extruded under suitable conditions to forma fiber
havi ng a skin-core structure, such as by long 35 SPARkdro SPI N,
or spunbond pWOE¥EMES. Further, it is ngged tha?e%‘,ﬁje
comﬁosmion I .e., the polyner bI end, that is to be ext ruded,

such as through a spi nn ret roduce fil S ' S ral |
referred to as eitfdr ¢ E?P ’fve%d DBr thg‘rﬁ% STt tu%ab;ﬁgrﬁs =t

conposi tion. Furt he:re,mpahrateréﬁ bépwetl thﬁent—hanﬁemperat“re at {pleh shgepeak

EEZLP§9Z(8447O di -dj rect10na1 streggFP occurs. - 11 -

i ber, as diScussed above, have different neanin

matter of convenience, EReSPLRAR] BB% Par e E% 1 mcj'%saSl%% AR
referred 0 as fi berirertdoghdutsttengtdi,sctbeuend curve Pre-ferab)wsohas an

fibers having a Sk'ﬂx&%%@eatéi'lé\é Wv%rcandéflﬂé@ﬁiﬂn%raéure range biyi K tfelsgbieleg
a polynmer blend conprisin

pr ene and a t eni
pol yneric additive &5 t8eh %Pfé%%“ﬁagi/es aéﬁ’dnﬁr‘éﬂ%%try me il %°an 3§ gadt
so that the hot extyeuddiectisserdd 3atéebemhelsinng aThis increassflj axgs ecan be

structure. cbtained YheD dmbek! bF dndithe@l. Y MB6S eﬁalr@lter rrhnot@eycross- :
copolynmer is 10 - erstood to (nclude poly S nono 1
two or ndPe direGidRBfdr SEERETRd i "ﬁ’e ;‘}??S speak "8roRe redtmﬁ%"

pol ypropyl ene can Ce:ﬁﬂashgsh aman el ypecqwdeeneubmnm@lly the same opj hpwey a&nd
The pol ypropyl ene Cﬁ-{% Qt xbé%ca'ﬂeb@rf)ié’@éérféd to achieve a3y Rdcobaséd Garea,
i sotactic and stere fg rggé ene - incl udi n'gh parti ally

and fully isotacti®), t}{?r cr&Fs %?tmnal Strenggﬂbs? TR AT e Ry o
i sotactic - pol ypddinomdtdoesl strengthThe cross-directiemnadr 6‘;‘3?1—’—%&'@% %farp%‘élts

produced,By any proGess: enf ¥ ra@&@’@pl €lower than t&i&e @@hkpre%SbEn@lﬁ@cEt:hﬁxal
prepared u5| ng Zeig er-Natta ca usi

honobgeneous or het ¥ IFRFEBus THe Igﬁﬁﬁ?laes%and the §t arye %ans?’g flactened
| Furt her, as used heteiachitle aerirtergabpdersea pdicy)okbeibrn Cur"e can have the

same or substantially the same shape, and have higher cross-
directional strength points, such as the peak cross-

20 directional strength, along the curve, or (d) the bond curve
can be shifted to lower temperatures with the area of the bond

curve in the predetermined temperature range being maintained

or increased, such as by a flattening of the bond curve.
Preferably, the bond curve is flattened and raised, or

25 flattened and shifted, or raised and shifted,. and most
preferably, the bond curve is flattened, raised and shifted.

Thus, in one aspect of the invention, it is noted that

the polymeric bond curve enhancing agent can provide a

flattening of'the bonding curve, preferably with the maximum

30 cross-directional strength being raised, and preferably with
the area under the curve being increased as compared to the

area under the bonding curve for nonwoven material produced

under the same conditions from fibers also produced under the

same conditions except for the absence of the polymeric bond

35 curve enhancing agent. It is also noted that the polymeric
bond curve enhancing agent can provide ‘a raising of the

maximum cross-directional strength as compared to processing

of the fiber and nonwoven material under the same conditions

except for the absence of the polymeric bond curve enhancing



pol ypr opyl ene, polyethyl ene, etc., i ncl ude honopol yner s, _ vari ous

pol ymers, such -as copol ynmers and terpol yners, and m Xt ures

(i ncluding bl ends and al | oys produced by m xing 25 separat e batches
or formng a blend in situ) . For exanple, t he pol yner can
conpri se copdY9hAEF?8650f ol ef i ns, such as pr opy| enBCT/USATG447¢ hese
copolyners can contain various - %%nponents Preferably, in the
case of pol ypropyl ene, such copol ymers can i-nclude up to about

20 wei ght % and, ggéﬂtrmrﬁlgg the mﬁéf{@béaha fJ\ﬁWeam%nglhﬁ ageMei ghh

% of at | east one o ut ene. ver
oS of theas” Srovide a spiftEREAE tﬁawccwm@amm ERes e iesapnal
dependi ng upon strength tiwe tWesiledit fasbeompared to processinguotfhéhe tEhber

pol'ypropyl ene can mar%véhympeéﬂaqr uBder the sameeééﬁém%ak@x&p@rf%&nthe-
pol ymers haV|ng a narrow nol e | strj bution or

broad noPecul ar me??ﬁﬁn?ﬁsﬁﬁwtﬁﬁtPBﬁymerlc bond cuﬁthe%.?ﬁ?ﬁﬂ?lﬁﬂegéulﬁP that
wei ght d!str!but!oﬂhémhaqﬁ;mur&eraeﬂleves higher cthestédiredthroomd mmlreagthrat
wei ght distributi O?era% hﬁ d@éﬂﬂ?e":%tures pre?éraﬁ:% POL %Tg 8(8)8' | &lrve is

flake or grain pre wnq1
PCT/U897/04470 1attened and has an 1ncreased area, 8p that bondlng can be

value (i.e., W.AvadibievAd bier/Av.wisie Wampemﬂeedahge SikcCpaspvide a broadening
di scussg g her ei n). at Iggygln@bgqhdgwo preferably at |east
6

about 5. nore preferably at I'east about 6.
further, the pol ypropyf&he ?ﬁﬁ]?ﬁppﬁq%ﬁﬁﬁs Gbovs are PreEFEﬁEH%dbekﬂ%hm%ge
di scl osed by U S. #htlkentedjpect], £626sUDT-¢axe fibers, wHishehhee, hﬂghcbtrength

i ncorporated by refgs (1T eiiR 'f‘s' tr&:ted that tgfel | Sﬁ.ym nd curve
preferably |inear.” A di tj onal | ber o th

present invention, e?@ﬁ?iﬁﬂgy598é§ﬁ ?(Pqﬁilde flatter %ﬁﬂg PSS i E@F§188n°f
i ncl udeipol ypr opyI ene marpesrveoasdAsr Khifting of alghbond EwrwpednhPabtsepéct
Application No. 0 éé%&;l‘?(ratlgn@fwﬁrocessed non®bvéls thiel S.Pe'ﬁadémﬂw\mf%gps

by reference herein ini|t
that do not have a skin-core structure (or from bicomponents.

that do not have a sheath with a skin-core structure) produced
from the same or substantially the same polymer blend,

20 preferably the same polymer blend.
The polymeric bond curve enhancing agents preferably have
(a) a differential scanning calorimetry melting point (DSC
melting point) below about 230°C, preferably below about
200°C, and even more preferably below that of polypropylene,
25 i.e., the polypropylene that is included in the polymer blend,
and most preferably about 15 to 100°C below that of the
polypropylene that is included in the polymer blend, (b) and
at least one of an elastic modulus (measured at 200°C and 100
. radians/second) less than polypropylene that is included in
30 the polymer blend (e.g., about 5 to 100% below) and a complex
viscosity (measured at 200°C and 100 radians/second) less than
_ polypropylene that is included in the_polymer blend (e.g.,

about 10 to B80% below). Even more preferably, both the
elastic modulus and the complex viscosity of the polymeric
35 bond curve enhancing agent are less than that of the

polypropylene that is included in the polymer blend. Thus,
preferred polymeric bond curve enhancing agents will include
materials that have the above-noted DSC melting points and the -
above-noted elastic modulus and/or_complex viscosity, such as



entirety. Still further, polymer blends such as disclosed in

Eur opean Patent Application No. 0 719 879, which is I ncor por at ed
by reference inits entirety, can also be 15 utilized.

‘The melt flowrate (MFR) of the pol ypropyl ene pol ynmer as

descri bed herwon7m®6fdet er mi ned according to ASTM D- 1238- 86 PCT/USI7/04470
(condition L;230/2.16), which is |ncorporated1%y ref erence herein
inits entirety. 20 The polyneric bond curve enhancing agent

that can be used h [ | OB C nprEse a
pol ymeric addit i Vethe polymé:.n:n.é ﬁnagé?.sngé ﬂ‘és‘?:%?ne?xllcalghéﬂté RS Bbwever,

i
which is additionamaterials thaFodPh@qﬁﬂﬁﬂﬁ%$$léH€h DR &t ﬁ&&?ﬁe§°€§fs and
flattening of the gjastic mdMUIGhsCUr ¥83/6P) campleg ofvidweshomgd cuwsh as

i.e., increase in %QATON@ %Fg 0S8 d'528tﬁé¥¥¥z&%§EegghnmﬁggégénéCQnGﬁHJﬂ5 ngg

to the left of cuarve eratures
cross- 5 . dlppéwenmlb@ldr ENGYS SPhAngARd| ?ﬁf"ctérrﬁaér%}ﬁfr &hsy BroGidfovah
material, so that ghei1gttemmid dF Qh@rbbﬁdi dirviehe (Bpnvaiedimg of the bond curve

material , espeC|aII§ggge C{ s; gi tloggl §Lf%@&'1?§“€%$0bona curve of a
Fwi re

mai nt ai ned or incr & Core°f |
conparison of the hbawpyanngat¢¥ﬁaﬂrnyqﬂm&eérwshhf%|$ﬁ}nﬂ°°re tiber. the bond

curve is relative to thwhmedsﬁeléyﬁé wxam@w@veﬁ preferred ¢@idyritalations of
produced. under the sape.co

d
same comfi ti ons exE&ﬁf‘af‘Erpd]ﬁg" B‘senc ‘fu%? %nhancn%% agpe%IEgrrg%?gntﬁq‘?edt 2
curve enhancing agéhis description, an?Rﬁ#Qﬁsﬁhﬁ)%ﬁaWH%ESeré§sJG|ﬁ@@@@éﬁ&?d
strength includes that one Mﬁsﬁn@herdﬁh§r)ﬁ$1£ﬁllahnl ensk SeTeEqiQicwtingothe

th - t f
e e e ther raiBPRE @Céﬁcfaaosggﬁf G0018 8L L. W0/ UL G1y AhAURLSE3BRY
WO 97/ 37065 of varlous 13101}7“'91'10 bond @*rx{qq@n@@ﬁglegrwrﬁs MFesbds 4P

strengt hhHoints at the polymer AW Bhif efodld\Rhablant hd&piOARAG ab£Irfy Jaiment s
whi ch the peak to obtain skin-core fibers while achieving a flattenlng,
raising and/or shifting of the bonding curve.

Examples of polymers that are includable as polymeric
bond curve enhancing agents according to the present invention
20 are alkene vinyl carboxylate polymers, such as alkene vinyl

acetate copolymers, such as ethylene vinyl acetate polymers
which will be more fully described below; polyethylenes
including copolymers, e.g., those prepared by copolymerizing
ethylene with at least one C, - C,, alpha-olefin, with examples
25 of polyethylenes being ASPUN™68352, INSITE™XUS58200.02,
' INSITE™XUS8200.03 {(now apparently 8803) and INSITE™XUS8200.04
available from Dow Chemical Company, Midland, Michigan; alkene
acrylic acids or esters, such as ethylene methacrylic acids
including NUCREL®925 available £rom Dupont, Wilmington,
30 Delaware; alkene co-acrylates, such as ethylene N-butyl
acrylate glycidyl methacrylate (ENBAGMA) such as ELVALOY®AM
available from Dupdnt, Wilmington, Delaware, and alkene co-
acrylate co-carbon monoxide polymers, such as ethylene N-butyl
acrylate carbon oxides (ENBACO) such as ELVALOY®HP661, and
35 ELVALOY®HP662 available from Dupont, Wilmington, Delaware; and
acid modified alkene acrylates, such as acid modified ethylene
acrylates including ethylene isobutyl acrylate-methyl acrylic
acid (IBA-MAA) such as BYNEL® 2002 available from Dupont,
Wilmington, Delaware, and ethylene  N-butyl acrylic



cross-directional strength occurs. S To obtain the naintaining

or increasing of the cross- 5 directional strength, the bond

curve preferably has an i ncreased area over a defined
tenperature range with respect to the differential scanning

cal orinmetry nWaQ9$#3goessoi nt as w | | be di scussed | atRaT/rsyv/Bi4Ta

Thi s increased area can be obt ai ned % ~a nunber of manners. For
exanple, (a) the cross- 10 di rectional strength, such as the peak
cross-directional methyla’crﬁ%[ﬁeggicb’sufaln ageB "“5%’2 QUQ % o bnﬁont,
sane or | ower and ond curve can attene to ac |eve an

i ncreased ar ea, Wilmingtog) PR&AVRHRS-alikeset F‘S’n’&?-a%? IS SG6AR RO1YRe~rs,
peak cross- : sucldlarse@thgmahe sidwrigite aethaosgl ik racid aradpodymergt hsath
points 15 - t t S I h t e )
cross-directional Has 'SRHA Fkgnbti‘%\ﬁabl%eg?on%r% ong aﬁ%ﬂlr{uh%gtbo Delaware’

can be fl&ttened and polyatnédaemwél AF PHEPR G Ayaddakle (Eyon r%@%&eeu%b
can have the Greerﬁﬁ&i Orsdithstaardldhhy t lPeefaiRbEPAPEhe apdlPayLic bond

hi gher cross- cury nﬁﬁgﬁfﬂéaggﬁhEgnggg ?g%f&éﬁe %H%pla%g%@?ﬁ@egolﬁmers,

cross- 20 _ di F&cY curve

curve : canS‘Bé‘ 9% ethylere I‘b‘\ﬁ)é’rl 95%@?%1@?@&%% 3 P lymerfe Or
bond Cur weittuddie df edalymelt oeBohd NPered Wrthan2igg B8eAfgs, with the
nmal nt al n I S n e n

Carve. T8 prRrShenty BBEERer St Bbndl v e qiBnb il ogle 1P RO Rixpure

flattened and shi f tleefing ofzthnlm ¥havyshpreeate aa&ma%% For example, the
preferably, the bonghwtdeyl 6f fbdid enede éiarAngnsgaltid tad. comprise at least

Thus, in one aspect_ of r?ﬁrf‘ﬁ%."—ﬁge‘p“*éat aeEEaéé#ﬁéﬁgrtg}?& at least (e %Qﬁyﬁmd?

polynerlc bond curv&®e g ag can
t he bondi ng curve, 9% efterkasst @neh eFP?&lﬁﬁﬁlﬁW%(Pcetate pPelywsrdppdcat ofedst

strengthibei ng rai s&tk ;w]qfermgﬁehabl y with the area under the
curve being i ncreased asr ‘%d Jog: dd"porymeric banér EﬁrUQdSLhLHS%Q%?” %&&s

curve for nonwoven material produ e sane_condi
fromfibers al so prefrkstRRNdaveh@olecular Wel%‘i‘% orrhutoriP’e£eepO’ f grore
the absence of the pedfemRibls swht350* to 108ur verehhafertigemngettie nibrbéxss of

al so noted that the;ﬂ?,¥§E£A§bon atoms 1nb999 g y@:€&@3&&a&9 ag@gteﬁﬁQnClng

provi de a raising of mum cr Irectronal stren
conpar ed2Po process¥gRpLS PIEferabllﬁfr‘FFﬁ,ﬁsf ifrom aﬁﬁuﬁo?w\ﬁvgn nECEFi B Feﬁﬁﬁ%‘?ly
t he same conditionsabout ¢, - Cs,ewﬁ:emtaf;m’eﬂehﬁedbﬁﬂﬁb)ﬁ‘ ot tel&kepel yaebon Hoss
curve enhancing - being C,.
As noted above, the polymeric bond curve enhancing agents
also provide nonwoven materials of high softness. Preferred
25 polymeric bond curve enhancing agents for providing nonwoven
materials of particularly high softness include ELVAX®3124,
KRATON®G1750, ELVALOY®AM, combinations of ethylene vinyl
acetate polymers with at least one of INSITE™XUS58200.02 and
INSITE™XU58200.03, BYNEL® 2002, and NUCREL®925.
30 The polypropylene is the predominant material in the
polymer blend, and is present in the polymer blend up to about
95.5% by weight, and can be present from about 93.5 to 80% by
weight, more preferably about 99.5 to 90% by weight, even wmore
- preferably about 99.5 to 93% by weight, even more preferably
35 99 to 95% by weight, and most preferably about 87 to 95.5% by
weight. _ '
. The polymeric bond curve enhancing agent or mixture of
polymeric bond cuxrve enhanc1ng agents can be present in the
polymer blend up to about 20% by welght of the polymer blend,
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- 14 - _ ~agent. Al'so, the polymeric bond curve enhanci ng agent
can | provi de a shifting of the bond curve maxi nmum
cross-directional strength to the left as conpareg-£gs ssi ng
of the fiber WOST37065  and nonwoven material ypder the sane coné’%‘rﬁgﬁs
except for the 5 - absence of the polyneric bond curve enhancing
agent, so that ' the bond curve achi eves hi.gher cross-directional
strength at : morel pyefeiubly lesserhbnraisout Wiebyr wpight ehehmplymer
curve is pnedbl ensd, %ngrQEér@éa 65,€288theaBBuc 50 3 118! 70ongliwgigne,
can be Feved over de tenpefature rarlg% tg oV djr_a d
broadening 10 - a mgret pEetRIRAhFRPREREING about © p’% % q}ﬂté and a

conpari sons -above amspr pirefabryd bﬁamr_gedramhang from about i b ries p'?efctbx greight,

ski n--core frbers ha r e S
oted thatBthe pon&%%gC béﬁa@ %FEf@ffH&ﬂJilue belng abditOB& by ﬁelghtl

enhanci n ent s
provide flatter bond curVes, sxamiley dJritfs respect tpee ngge%%rVéngﬁd/acetate
shifting of the bongdiymees\i tite rethiydehe vinyl acetate polymend &hakycan be used

. processed nonwovens th are fibe t Ve add
skin-core structure % g,ggg L%%S% 19 téaaily comEnegc.FLQ%i ngfvarglvagl% =

sheath with a skin- Géwéuéﬁﬁuétﬁ?ﬁ@?sprf(ﬁ?ﬂ@ed’f ethylene “inyy, 3REt&5Te %c?lymer'
substantighly the samiR@iygerethlytate Bnyl acetapes ebepalimen Fmnd apgrpolymer.

pol ymer bl end. T BOECA JHeent i
preferably have The ethy(le © bgn??eggﬁ%% scg’rq%?a\ég EJJE]er rre}?%, rrel t |5eq1;n
poi nt (DSC therpPLYREF rhireﬁfi) t ARV Ea BB PY 3 PF] theePILEBry ©
gg: %vr gg;lute I more2 REEEFINLY gmésev:hannmﬁ'e byt wééghtblcyf lté:leomotmr dflend,

, t '
pol ymer bl end, with a %r%férztser& 5?%%9%&% gﬂgﬂ% I'@ts 8 *79%31»'?}%}181—166'%3&10113
that of th® prefoynes GRAIEn LSRGt AU G&eé" 5?1& Y& g‘r G Mpst

(b) and PredfRagedopengd Wing dxbincaboutul s (trmeasubydwaight wlth a

200[ err] C and 100 I
200l er Lded 4 199 more preﬁerr?‘g{iaogl{éf%g)g a%aatt‘gg%}f%a@wto yl ene ¢ tht .

and a conpl ex A s"é‘&i%r F?ST ne&s F&y &PgZ(YGE‘é’ r FEeLRGe 1R YmETS,
radi ans/ second) | espddttfhtage of vinylolaumtemel e thmtethylems udiedli madtate

pol yner %Snd (e. Q. epo]_ymers can %%1&%;&10 ﬁgo/&&?é&v@ratloﬁvﬁﬁlaﬁrﬁermlts the

preferabl y, both th t1 ¢ nodul Us and |-ex vrécosrtc}/
of the polyneric polymer blend to form a skin-core or most purposes,

a useful percentage of vinyl acetate units in the ethylene
vinyl acetate polymer would be about 0.5 to 50% by weight,
more preferably about 5 to 50% by weight, even more preferably
25 about 5 to 40% by weight, even more preferably about 5 to 30%
by weight, and most preferably about 9 to 28% by weight.
It is noted that increasing the concentration of vinyl
acetate in the ethylene vinyl acetate polymers enables the
obtaining of fibers that are capable of producing nonwoven
30 materials that have a softer feel; whereas, lower
concentrations of vinyl acetate in the ethylene vinyi acetate
polymers, while still soft, enable increased processability.
A preferred percentage of the vinyl acetate units being about
28% by weight where increased softness is desired, and about
35 9% by weight where increased processability is desired.
_ In other words, the ethylene can comprise about 50 to
95.5% by weight of the ethylene vinyl acetate polymer, more
preferably about 50 to 95% by weight, even more preferably
about 60 to 95% by weight, even more preferably 70 to 95% by



35 bond curve enhancing agent are less than that of the
pol ypropyl ene that is included in the polyner blend. Thus,

preferred pol yneric bond curve enhancing agents will include

materials that have the above-noted DSC nelting points and the

above-not ed eM&A732%6podul us and/ or conpl ex viscosity, such RECTUSI04470
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- 15 - the polymeric materials listed in Table 15.

However, %V'Qhﬁ hBat ﬁEth¥aBﬂ¥”éH$%tS@§h QS§1€EL§'981§9t”t§&;h
and . elast nodul us nd/ Vi SCOSIi ty, such

or -
KRATON[ er r] GL750, 2 TALEETEL VAINBI SefLﬂgtﬁE"bF e%% (bY (GErahtn ATRE, where
pol yneric bond curumceabaaﬁlpnpdageabﬁlitytﬂsaﬁekhmgdrhmghedeaﬁaﬁnts of ethylere

flattening of the Qgpqﬂﬁ%f%§g?% Q@hghngc a£96899$mgfuiyepreferred w1th a

and/ or (cé shifting to bond curv ven
material produced WHeFeFred ﬁ““&%‘?"e heifRg about 91% by weightyyi| e speci f ic
exanpl es of preferred cendant r bt ,0f etBylene vimelt aicetpaleynpolgmédndcan

curve enhanci ng a0eps;3Le ANRALIAAY our) in the WliedBIOELB Qouc 0.1 o

i ncluding the exanpl e I S enphasi ze one posse55|ng
ordinary skill in {305 FFPMst BEK o gm%¥MFes' when meaﬁﬁ§?§n%“d?§€?%ﬁﬁﬂ%ﬁ with
woul d be able to awmaM abuIIEvEENtaiat icondition E, whiddh vasi diftorpehrresi oy

bond curyg enhanci G4.08ALS HSSAM 9nl BedBencirety. { HheDHUABE BECRE LRining

woul d ena the spinning o tarn skin-c
fibers while achi elibfy BeiF atltr’é??‘ng "and the relﬁ’%%%l’anﬁ?or‘“@m fﬂﬁﬁ Fre
the bonding curve. disclosed in U.S.Expapémts Nb. pal poB[31¥hab @apdntel, udshieh

as pol y”?” c éld.sclogggg Cf'év%lr%g}% C.E‘hp_griagﬁ? @%&g@enghggeiﬂe in,k its
present invention ené viny boxyl ate pol yners, such as
al kene vi nyl entirej¥et ate copol yners, such as ethylene vinyl acetate
pol ynmer s1s whi Elitemp]lhr@e duhiyaehel | yimielscacbedtbelmmiymalsy et iyt enae
i ncl udi ng 90p0| YIMeL %4 ?zg.bl %epi QEEF P% Q:iryg'}” %!th sold nder the
et hyl ene with at | 633 E oné 21 err n th 8x ?
_ Trademark L by Dupont, such as set forth 1n the ELVAX
Resins - Grade Selection Guide by Du Pont Company, October
1989, which is incorporated by reference herein in its
20 entirety. Ethylene/vinyl acetate copolymers include the High
Vinyl Acetate Resins; the 200-, 300-, 400-, 500-, 600-, and
700-Series Resins and the corresponding packaging-grade 3100
Series Resins; and terpolymers include the ethylene/vinYl
acetate/acid terpolymers indicated as Acid Terpolymers.
25 Preferred, copolymers are ELVAX®150, ELVAX®250, ELVAX®750,
ELVAX®3124 and ELVAX®3180 and a preferred acid terpolymer is
ELVAX®4260. However, as stated above, the ethylene vihyl
acetate polymer can comprise any ethylene vinyl acetate
polymer, e.g., copolymer or terpolymer, that can be extruded
30 under conditions to directly form a filament having a skin-
core structure, such as by long spin, short spin or spunbond:
processes. -
Additional polymers can be contained in the polymer blend
in addition to the polypropylene and the polymeric bond curve
35 enhancing agent or mixture of polymeric bond curve enhancing.
agents, as long as the polymer blend remains spinnable and the
resulting fibers can be formed into nonwoven materials.
Polymers can be added to the blend depending upon desired
prqpertiés-of the fibers, such as desired properties in the



25 of polyethylenes being ASPUN err] 6835A

| NSI TE[ er r ] XUs58200. 02, . I NSI TE[ er r ] XU58200. 03 (now appar ent I y
- 8803) and | NSI TE[ er r] XU58200. 04 _ avai |l abl e from Dow Chemi cal
Conmpany, M dl and, M chigan; al kene acrylic acids or esters, such
as et hyl ene nB¥Q4¥IWES c aci ds a ~inclugding NUCREL er PEHUSITAI | op) e
- from Dupont, WImngton, 30 - Del aware; ~al kene co-acrylates, such
as ethylene N-butyl - acrylate glycidyl nethacrylate (ENBAGVA)

such as ELVALCN[err%éMBuctlon of n%ﬁﬁbb@ﬁlﬁa&é?ﬂ&ﬁprH@11HVEanﬂbﬁﬂoven
Del awar e, and al keng co- a cglte co- car bon. nonoxi.de 3/ rs £
such as ethyl ene N &Cyr the 2 dltlo%]rﬁ YIeES BAY SRPURGS (B\B A&ﬁ a?
ELVALOY[ err] HP661, a&he Ilymeric bEnWAEQ)Y?erel]ﬂhmga\Rﬂelm:bl &Fdnr @nappdent the

W nington, Del a\Narg, 1%@1- blend can aﬁbﬂua@dvéff&;@ ryene&%r yligl 8BditeR to
as acid nodified ethylé %e | at es |nc g B‘ﬁ\{ll ene |s%g6tylth
acryl at e- met hyl achPllé’Pr°Pylene' whet '%/I ®h- M) & ﬁcﬁ° BYRERF & M €
avai | abl e from Dupodiefinition of polWhgirhgtboond cudyeaeahencingrebentet lguadnes,

'§b$fbég7/0222%|ic polyamides, p&%§bg2é§ZOQ§ﬂyethylenes and polybutenes Thus,

met hyl acrylic acid §‘§€1ﬁt&§n§r’l\£ﬂ3€?ﬂs S5 by 3°A56 EofF’E‘)?niEﬂp\G?ﬁr blend, even
W | m ngton, Del anar ehoagketikericand atotr @polyheriadboshdaiunver epnhancing agents.

such as efdyl ene acryl atg MR MR WdrasACighd eFPAl YaRE a?:c"y;hreference to3%he
SURLYN[ err| RX9-1 avail a P

e from Dupont, W1 m_ngt | aware; 5
and pol yani des, sucKi5¥2RiPRIIETSITi T“éiﬁ'l"‘ér?sr &h ngY‘Fll Sopfe contemplated in
G eenwood, Sout h Cathei naolymedr ebdend) y thehepphymerer btebdndan comprise 100%

curve enhanC| ng age%%?ﬁg%o lﬁgewé/i% o@cgﬁ@tp%IQBthﬂi S3dded to the pos.l%lgr

as et hyl ene vi nyl ners terpol yners, or
m xtures of pol ymer Pé*BBnd W}érenﬁa’ﬁlﬁ'ﬂ% %‘ﬂ?—i’fﬂtss ofi PhReRePqlyolefins can be
preferredi®pol yneri caded cutove sEhanpolygpegmyiterien t he Roxt uegample, various

bei ng ethyl ene Vinybo§§§£ f%ﬂ@%lygsgﬁFWhenFeﬁeﬁgﬁﬁﬁ&@th i8fes are not polymeric
plurality of bond curve enhanci gg?t enfs can conprise at | eas

one ethyl ene vinyl REBRatEHH y FRADT PESEESon&3Pol Panitdsiuded with the
or at |east one ethpbeppropyiddneaastiapel puniteboaddoatvd eadiincing agent in the

polymer blend in amounts up to about 20% by weight of the

20 polymer blend, more preferably up to about 10% by weight of
the polymer blend, still more preferably up to about 5% by
weight of the polymer blend, and even more preferably up to
about 3% by weight of the polymer blend, with a preferred

' range being about O,S to 1%. Thus, for example, in

25 ' embodiments of the present invention, various polymers can be
added to the polymer blend in addition to polypropylene and
polymeric bond curve enhancing agent, such as, polyethylenes
that are or are not polymeric bond curve enhancing'agents, or
‘mixtures thereof.

30 Thus, continuing with respect to polyethylenes, any
polyethylene can be added to the polymer blend that enables
the polymer blend to be spun into a skin-core structure. The
polyethylene can have a density of at least about 0.85 g/cc,
with one preferred range being about 0.85 to 0.96 g/cc, and

35 an even more pieferred range being about 0.86 to 0.92 g/cc.
In particular, the polyethylenes can comprise low density
polyethylenes, preferably those having a density in the range
of about 0.86-0.935 g/cc; the high density polyethylenes,
preferably those having a density in the range of about 0.94-



15 . one pol yet hyl ene. The above noted pol yneric bond

curve enhanci ng agents preferably have nol ecul ar wei ghts of

about 10[err] to 10[err], nore . preferably about 10[err] to
10[err]. Still further, the nunber of - al kene carbon atons .in

t he pol yneri cWB%d®r ve enhancing 20 _ ,gents pref er ZEMPSPAMERS from
about Cferr] - (err], nore preferably about Cferr] - (err],
with a preferred nunber of al kene carbon atons ' being Clerr].

As nogI ed above, the pel ﬁVl‘Ed‘:}](cltlté)flﬁ.rﬁld][x’\/goﬁybﬁﬁ?iétgeﬁgd@ﬁeierably t:hoseT AHAng
provi de nonwoven materi _of _ hi t ness. Pre X 5 polLyneri.c
bond curve enhanci r?g(aga%%?}é o:%grg%l? H?str?‘gﬁl\ﬁgvéaﬁgg%'gg_g/cc‘ n%’tcgrfsalgfn()efar
particul arly high dom fessitrcPadeeHhxioqes jaying a density of about 0.85 to

KRAtTO{\I[ err} Gl750, BLYALGMEEr r&ﬂ%veﬁ;@fﬁé}s%esf%&%?%gﬁgZo'.iwélto 0.93 g/cc,
acetate polymers with at least qne of rr .02.an .
RS TELers) XUB820069, ShoniaTig HHost P o Rt ot ke e 5a 2188 ‘ecbylene wien
The pol ypropyl ene i#$ t heapk ed®® nént -naferizlpharolefin, and higperyrdsnsity
bl end, and I's presgatykRhyenBOLBBBLYREEHUWEN! @ abOW,, alpha-olerids Hévang
wei ght, and can beggres mtsfrgn% 48Ut/ 292 19,807 by wei ght,
nore preferably ab 545185t 3 909 ﬁ\ﬁel &ﬁt, *898h" nor e

preferably about 99.5 t&hesnotbie weilymer biendneare qampidsabbplystwo polymegs,
to 95% byp wei ght, angn"sd b S} YertdOHha 9% t 8iRPL e %pBYymeric bond curve

wei ght . Jhe pol ymer bond .,curve enhanci n ent. or m xt.ure
of vol y FEPFRCHIE BB oo ARFERTATIG R oriie PRivRe: AHEhg, fhn it
pol ymer bl end up t ¢hxbeutor2096dsy melymersf tshehpdsynér) bpehdpropylene and a
WO 97/ 37065 mixture of poﬁ?meric bond curvCTehEéMe 7Qgents, or (b)

nore preferably |ess.than out % by wei ght of 1the ol yner, .
Dl end’ wi th . bref B PERRRS A, “BhofE Goke e ey QubPhf curve enhancigg
nmore pref®erred ranggdnbeiang @apoadditionaYpoyymer giitichand rot a polymerimdond
preferred ranged bgiRgel LRRARONY agent.0 4% by weight, 5 with a

nore preferred val ue bej but _ 3% by I ght.. .__For. examl e
with respect to ethylenégg}ﬂy uﬁﬁé?ﬁtetﬁg %o&ymer blend can include vé?%ous

additives that are added to fibers, such as antioxidants,
stabilizers, pigments, antacids and process aids.

20 The polymer blend of the instant invention can be made
using any manner of mixing the at least two polymers. For
example, the polymer blend can be obtained by tumble mixing
the solid polymers, and then melting the mixture for extrusion
into filaments. . _

25 Moreover, components of the polymer blend can be

' preblended prior to ultimate mixing to form the polymer blend.
For example, when at least one additional polymeric bond curve
enhancing agent and/or additional polymer, such as
polyethylene, is to be added to the polymer blend containing

30 _ polypropylene as the preferred polymeric bond curved
flattening agent ethylene vinyl acetate copolymer, the at
least one additional polymeric bond curve enhancing agent
and/or the at least one additional polymer can be preblended
with the ethylene vinyl acetatelcopolymer. Any order of mixng

35 ' can be used. _

Thus, for example, a preblend of ethylene vinyl acetate
copolymer and polyethylene can be prepared by mixing, as solid
polymers, one part by weight of ethylene wvinyl acetate
copolymer with two parts by weight of polyethylene. This



pol ymers, the ethyl ene vi'nyI acetate polyner that can be used ~in

the pol-yner blend is readily comercially avail able, and “includes
various forms of ethylene vinyl acetate polyner, 10 i ncl udi ng

et hyl ene vinyl acetate copol yner and.terpolymner. _ The et hyl ene
vinyl acetat VB8I3MEY is preferably present ip, _ | t REVEHAPMEP bl end
to about 10% by wei ght of the pol yner blend, . nore preferably

| ess than 10% by wei ght of the polyner blend, with a preferred

Lange bgi ng about %i%th9e7%ﬁEYt%thE, malfDEeRt+oded at a Pf&firathrican@eh as
eing about 1 to 5% wei ght . .and_a npst pr.ef erred. r.ange -being .
fromabout 1.5 to &%%g'v@gjﬁfed \%ﬁfﬁugg a water bath, eg'rbgr e#‘%atr (rjleﬂ yg?eulg'et%'
bei ng about 3% by Whieghellets can then be mixed.hgughses gty dumplleneixing) with.
acetate polyners, tf@ypropylene tdeicantaeepehyenybiaaetate in the

‘et hyl ene vinyl acetateée 20 ..ol rs_can var thin any concentratio
%n "7 By pragrioil PRCRECTET oA s RFHSERr o' 11 DAL OFor

whi ch permts the’ 'S 1

nmost pur poses, by spinningspblymerercemperid ionsy ajng avetat 0imiREPdasseEle
ethyl ene sudhN¥s ACalRLE spahY BRI sHBkt dsPen abAditedh Rdcordfl¥ybto the
wei ght, nor e greferalﬁaf ut 5 to 1?O/ 2%1.\/\@gwl‘}tbi,r eé%n nor e c
preferably 25 presgRh A dR00% %Fﬁﬂt,ee‘%’ 1RBP M H BPYBI S EHOR
5to 30% theymadi gtndirendhavscter Hfteicabbyenlm gregtey Bsdyg window
wei ght. 44 in condinatiBAt GdthhakckMELRASEHBLAdSs CHPRNM AL IQhRfity,
vi nyl acetate in the trl%ldene v%n I ac%{t‘?ate gol yners %Jnabl_ es tﬁe
obtai ni ng of fiber &ePRateafer of OBF ’a%‘ﬁng SRWEEEn Bpe fibers of the

materials that hpreseat iwferdrionf egk; capdldiecas, provioliely nonwoven materials

concentrations of yenyl efe@;&@it&xaln tBEosd R 1 ¥hRY! 3aG83Leh, toughness,
polymers, while still soft,” enable i ncreafgﬁqfrocess A

bility.
preferred percent a§&CBEaERE v i YRAETFELY € réesoseiaﬁa ﬁﬁgﬁgess even at lower
by wei ghts wher e | nbreasedeight seshan soxtbigiarddy amdchboed 8% using a 9%liety

wei ght where incregged RLASRS SHRbdddaed. s desired. I n ot her
wor ds, the ethyl ene cangggngri se about 50 '

0 :
t he ethyl ene vinyl acet BRYETD '?ﬁfreé"latlopreferab_JpY etP%rSanl{%Fb ' Wed“lteq'gg?t?%f
95% by wei ght, evedeser ehanefadreadsl 20 g/yd? (gsydbompbré( prefesébby wesghtthan
even nore preferablby 40 i® 3% R¥r preferably less than about 17 gsy, even more
20 preferably less than about 1S5 gsy, even more preferably less
" than about 14 gsy, and even as low as about 10 gsy, or lower,

with a preferred range being about 14 to 20 gsy.
For example, the fibers of the present invention can be
" processed on high speed machines for the making of various
25 materials, in particular, nonwoven fabrics that can have
 diverse uses, including cover'sheets, acquisition layers and -
back sheets in diapers. The fibers of the present invention
enable the production of nonwoven materials at speeds as high
as about 500 ft/min, more preferably as high as about 700 to
30 800 ft/min, and even as moxre preferably as high as about 980
ft/min (about 300 meters/min), at basis weights preferably
less than about 20 g/yd® (gsy), as low as about 18 gsy, as low
as about 17 gsy, as low as about 15 gsy, as low as about 14
gsy, and even as low as about 10 gsy, or lower, with a
35 : preferred range being about 14 to 20 gsy, and having cross-
directional strengths on the order of at least about 200 to
. 400 g/in., more preferably 300 to 400 g/in, preferably greater
- than about 400 g/in, and more preferably as high as about 650
'g/in, or highei. Further, the fabrics can have an elongation
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- 18 - : wei ght, and nost preferably about 72 to 91% by wei ght,.
W th a preferred value being about 72% by weight. Again, where
i ncreased processability is desired higher anobunts of ethyl ene '

I n the ethyl eW@BMWgs acetate polynmer is preferred, with a PET/USITN4470
preferred amount being about 91% by wei ght. - 22 - still further,
et hyl ene vinyl acetate pol yner can conprise a nmelt index (M).

the range of from abpu ) utes

neasured in accordan% ébg‘f% §<9 200%, and §TEA9]?§%§%§8%€ %boglgnglopl t&% Eowmﬁ?uﬁ
i's incorporated by mpeferably appat R0 W8 8 hni Py meonweveR efgbricsh@tnanhasis
of determ ning welg'ht dﬂwelbasedtt 2bnggxa?, andrehpreesdah vnAgs thakehbofit 030

are di sc| 4,80 onte, i.ch

di sclosure is i ncor%&at etfveg eré%ggeﬁlao‘bl ﬁ? v ltt]han 2pe ek &’9"*’
15 5 ExengVes yncmqmr@rferebwl legg dihare ap@uyrréﬁsg/rcﬁ’at aarieeven more.
utilizable in the ﬁﬁﬁaﬂl@veeﬁs Gthadl QbblOSE: Tlyd? Wi hokBepreferably as low
Trademar k ELVAX by Dugléd‘nt as; et forth in the ELVAX Resi ns
- Grade Sel ection Gff Y F%nt %r%pany, Qct ober 1989, whi ch

i s incorporated by referfemyabheref priogefuce@re used tm@ppdyge and define the

Et hyl ene/ vi nyl acet@érﬁam&mohm&ﬁ FRBeYdEs t f8e Hhlent inventi¥%h)YhndCehaisus
Resi ns; ége 200-, 300-, 400-

and the rrespondlth "[?ac?lfgg ﬁﬁg ’i’%ég(%ﬁ‘bﬁg gmracmn?éf‘?%s ée??en§°mgﬁﬁltl°n
t er pol ymers i ncl udeandetidieyy| eﬁ'bﬁﬁﬁn‘yill be describedtbhedswci d terpol yners

i ndi cated as Acid Ter polagmssdidélosed in tB&eﬁﬁéﬁéﬂhotﬁw(ﬂL&@b& Ag lication
Vg 1 55% ChAEerg1 20 oS MRIEIENS. o5 ap., wnich Yo habelsadd 20
ELVAX[ err] 3180 and nch S 2 P Y
ELVAX[ err] 4260. kmﬁ@encas kexgigd dhovss tematle‘@hyl,erfé'xanmstantlally non-

acetate pgl yner Carhxppfm saoﬁﬁnofégwéﬂles&kﬁ&uﬁéefc&t ethe skln coraolﬂwérs

, | t {
% VI O A e ) AR SRR B e o pinen b

structure, such as tmarnamigsiphneledgion S‘ppnowoﬁipdmhdﬁ ruthenium tetroxide

processes. (Ruo,) - staeﬂshd ifapal Wiy BRcei6A8. bancenidirashdd) tBetaught

polymer bl end by Tremh agdl il on; lglo t he I q,nﬁ arqu5 tt}@o po‘l yrrfgésp

bond curve 35 Y %anm ng agen &W bond c '

enhanci ngo "Rlergmlsm ag'eFﬁﬁlsl%% tHeaimdngnept bl%?i’dmleé‘@al ﬁ§rsp$h¢1%'~b'¢<§1

and the . Mft&tdstdoﬁ "fl\bl@:[cﬂn q@ﬁhbeewerpa&ate@rwpmemheél fhSits
e .

Polymers can be addgd {0 d1e ! and dqRending YR2L €88’ L8fucture of polymeric
materials is dependent on their heat treatment, composition,

and processing, and that, in turn, mechanical properties of
25 : these materials such as toughness, impact strength,
resilience, fétigue, and fracture strength can be highly
sensitive to morphology. Further, this article teaches that
transmission electron microscopy is an established technique
for the characterxization of the structure of heterxcogeneous
30 polymer systems at a high level of resolution; howevér, it is
often necessary to enhance image contrast for polymers by use
of a staining agent. Useful staining agents for polymers are
taught to include osmium tetroxidé and ruthenium tetroxide.
For the staining of the fibers of the present invention,
35 ruthenium tetroxide is the preferred staining agent.

In the morphological characterization of the present
invention, samples of fibers are stained with agueous RuOQ,,
such as a 0.5% (by weight) agueous solution of ruthenium
tetroxide obtainable from Polysciences, Inc., overnight at



properties of the fibers, such as desired properties in the

- WD 97/ 37065 PCT/ US97/ 04470

- 19 - ' producti on of nonwoven materials and in the nonwoven,
In %@g he addi tional polynmers nmay enhance the -péﬁggyz,;ahgg of
the pol yneric é’curve enhanci ng agent. For gxanple, the

pol ymer bl end can include various polyners, in addition to 5
pol ypropyl ene, whether or not the polyners are within the
definition of pol ynerom bempetatrwe enHihilaga aljeanid S¥@ingds utilized in this

pol yam des, pol yest :3,ccRgk¥6t ByLenesy aosl @Héygﬁh%ﬂ§§ .willilSs gaseous stain is -
-addi ti onal pol yrrers can be agged to_Ihe %ﬁ%ﬁ_){ar Iaendé[ngggg d in Spurr epoxy
though they are not PAYANEEPEGAY cBFIE* SRy 5§en =91% '

In other words, ancesiith axbnpired oceéemigive ab 6REC. The embeddedhtstmined

“wherein mxtures Of %?3 %&Enﬁh@ﬁetﬁﬁﬂtéggﬂfgﬁﬂé loR an ultram1c£$ﬁbﬁéﬂﬁéﬂﬂg a
bl end, the pol ymer [o

an copprise 100% % g}g&l ene % tomed
wei ght of the pol yoldéﬁ"i?ngdd 1o Afe 58?'9r’ré:remperature t PovBiet?
varyi ng anounts of cieheriopel yopehiitatedy Be a6 thick, whddbdcanobeté¢pamined on

pol ypr opyl ene. cdi¥ent 8357 £p ardfﬁ%'ogﬁch as a ZelsQOEMERBYEﬁﬁeﬁateﬂﬁﬁkv
~when t hese pol yet hyl enes are not Bo neric >§ curve fl attenl n
agents, can be incl GBI BHFREFS Ve x-ray anglygis offA*nHa8 i IGi3re FPcC ‘B’b%tf"‘
curve enhapci ng agenthatn theeRu0O, had penpokyhed ddmpltetielyatouhhe egnter abbuthe

20% by wei ght of the2Q. pol ymer bl end, nore preferably up to about
10% by wei ght of t he pol yner bl end still re eferablg uI[I)
about 5% by wek§RT coFe t%em preerHinshdo Ehe A RARAFpABventich show
preferably up to an enriclafeoitt &0 tlye weughéniim t kRu poeyidue bl ehd thei tduter
preferred sdf%@%% 5@8&89 ofbeﬂé £9per LPosdBectibAUto J‘Hépth of at
exanple, in 25 resent 1nventio

0 e
ol yhers &8n be  least aBRuiod:oMRncPTRASAAMLIbEENE PRPEAGPE | Bh JRst about
pol ypropyl ene and 0.5 um, mops|mraferablgntio cardeptnkdnatneagenabostich. Aym,

pol yet hyl enes more p&QE&réﬁf&‘% ar 8eplh 8! WBId G ebaBEuE UL VEm ENNANAL NGhe
agents, or cores of the fibers showing a much lower ruthenium content.
'8till further, the enrichment of ruthenium (Ru residue) at the
20 outer surface region of the fiber cross-section can be. greater

than about 1.5:um_thick.

Also, with fibexrs having a denier less than 2, another
manner of stating the ruthenium enrichment is with respect to
the equivalent'diameter of the fiber, wherein the eguivalent

25 diameter is equal to the diameter of a circle with equivalent

- cross-section area of the fiber averéged over five semples.

More particularly, for fibers having a denier less than 2, the

skin thickness can also be stated in terms of enrichment in

staining of the equivalent diameter of the fiber. In such an

30 instance, the enrichment in ruthenium staining can comprise

at least about 1% and up to about 25% of the eguivalent

‘diameter of the fiber, preferably about 2% to 10% of the
equivalent diameter of the fiber.

Another test procedure to ‘illustrate the skin-core

35 structure of the fibers of the present ihvention, and
especially useful in evaluating the ability of a fiber to
thermally bond, consists of the microfusion analysis of
residue using a hot stage test. This procedure is used to
examine for the presence: of a residue following axial



m xtures thereof. 30 Thus, continuing with respect to

‘pol yet hyl enes, any ' pol yet hyl ene can be added to the pol yner

bl end that enabl es t he polyner blend to be spun into a skin-core.
structure. The pol yet hyl ene can have a density of at |east about
0.85 g/cc, W0 9737065 Wi t h one preferred range bei ng about O0P8F/USHINESIP6
g/cc, and 35 - an even nore preferred Faﬁﬁe'being about 0.86 to 0.92
g/ cc. In particular, the polyethylenes can conprise | ow density

pol yet hyl enes, pref 1 h havi. [ 1.t he .Lan f
about O. 86-0. 935 g/%ﬁﬂ%gteh%;fﬁ adg\r%sbu’gt?yab‘g%%t%ﬁlnq’ g, %lt?’ %e, presence _°? 2
preferably those hadvighgraamenat 13f rgsifre rdipetdt ePoirlafigg. with the ability:

WO 97/ 37065 of a fiber to provide good thermaP(ddndiSd.044H0Othis hot stage
- 20 - : cc, hpe th p I hase
havi ng PRSIRerTs T abhRoA0: B HaPRaR, DUBLCLED o 2010w
linear 5 AT e st y 8530F et FOPEIRSLGFaV VEE a® dMRTRAPTOf FR§Sut conprel
to 0. 93 Waessai] eyesetnice 1986CI f iXaldop afosilfodife 10110i83placed
‘g/cc, 5 and in Lhg. [ red b [.zi-ng . et e

W th at ° ga?tlléqgnglé geér?orx% -esq%f%r'r]XP é’?%ﬁ%gﬂc?eéfyz ilﬁ, tga?ébh?lgﬁeerrs
density S y SRRy | FHeP cdpoP netangfish fpom chregl prrodpref argas of
havi ng dEiNSirentarof smde g/2@ @tikirgheinto the silicone oiThuwsth a

the pol yggr bl end bcéo.rrp&‘ixéer%éﬁl J%BL}(g&E Ssam%ﬁe is cove:ﬁe%mi%% a coYer
pol ypropyl'ene and s1 ngl e£ol yneri'c “bond~curve enhancing agent .
Al ternatively, the PAsSspEndpdi¢edanni RBe ARt stage, so thpteboph gpde of the

pol ymers, such as (@t FabgReoRylEnefdndh@ most part, BE Fnin@eofipoRYBErvLew.

-bond curve enhanci agent r..( ol ypnonyl.ene _and. _one_or
nore pol yneric bon ceurg:\?é“p%ﬁﬁﬁg%ﬁ? nc'g? fihe hot Sta%gelh %haeg'}d/ *Zt58qarti angree of

pol yner which i s nat’C{mpahyerer iRt RAME temperaturec he Ehexscishginlenrially,
Still fungher, the g yHer ppbeatcs &r iabektde ¥Brir@ilding residues d@dbbk¥ebed.
that are added to Hkpghg’sﬁf%gkéﬁi %thgﬁﬁfgygﬁé’the heating is stopped, and the
temperature is reduced rapidly to 145°C. The sample is then

examined through a suitable microscope, such as a Nikon SK-E

trinocular polarizing wmicroscope, and a photograph of a

20 representative area is taken to obtain a still photo
reproduction using, for example, a MTI-NC70 video camera

equipped with a Pasecon videotube and a Sony Up-850 B/W

videographic printer. A rating of "good" is used when the

‘majority of fibers leaves residues. A rating of "poor" is

25 used when only a few percent of the fiberé leave residues.

Other comparative ratings are also available, and include a

rating of "fair“_which falls between "good" and "poor“; and

a rating of "none" which, of course, falls below "poor". A

rating of "none" indicates that a skin is not present, whereas

30 ratings of "poor" to "good" indicate that a skin is present.
Size exclusion chromatography (SEC) is used to determine

the molecular weight distribution.  In particular, high

performance size exclusion chromatography is performed at a

temperature of 145°C using a Waters 150-C ALC/GPC high
35 temperature liquid chromatograph with differential refractive
' index (Waters) detection. To control temperature, the column
compartment, detector, and injection system are thermostatted
at 145°C, and the pump is thermostatted at 55°C. The mobile
phase employed is 1,2,4-trichlorcbenzene (TCB) stabilized with



stabilizers, pignents, antacids and process aids. 20 : The

pol ymer blend of the instant invention can be nade ' usi ng any
manner of mxing the at |east two polynmers. For ~ exanple, the
pol ymer bl end can be obtained by tunble m xing the solid
pol ymers, and¥@A¥Hfel ting the nixture for_eyfrusion PCT/USY79¢430

- filaments. 25 Moreover, conporéents of the polymer blend
can be _ prebl ended prior to ultimate mxing to formthe pol yner
bl end. bk lﬂ@my@ro!éﬁ)@@l@éné (RSAT) 0BE adﬁg/m owakhpal §1er iratieond

curve nha a and/ or r S
pol yet hyl ene, is 0° HE‘Q%%%d t?ﬁ?%ﬂﬁ Phar . ? contalnngQg paboritSlied
polypropylene as (Anherspr efMassed . $@|9m@¢|mgxqﬁﬂkj be. r@@aumns, 10 micron

flatteni ng agent gswi@m: ShizRy | pasetd € 199pokY B .afddi@ @blymer Laborathedsk
one addltlonal ¥ 1 bond c rve enhanci and/ or tgg

a
at | east® one addl? S fﬁﬁ? SR B ﬂﬂpébﬁgn géfon particle gizq, Hert
et hyl ene vinyl acetabeétdpol yrier . pewnfoor dehe oichopragogsaphic anatysise the
used. samp1!QU§ref@{s§a<1amd an %tabe@m@&l otB %}hyﬁé%l&n‘g' B 175°C

ol 10 S0F, e oo D OO TR 200 AP cRB LG gt G Agiof

copol ymer with twetp3®s. bme@&rﬁr.othpo-‘ﬁmlmﬁ ene. not Tiil§ered prior to thgD

o7/ 3706, analysis, All molecular wE’QAéJS%(&Wl% based on a
- 21 - m xture can t extruded, at. a tenperature sugh
as 180PELYPECPYLERS (CF %?v@ﬁ%ﬁe tRingthy £XR™ i At SOPSFrFER

The pellets can theanbformxed, amLnxPex;m@wtaanbbéyatyx¢@p cdlifpration curve.
pol ypropyl ene to &BE”th@ePQiyn@faﬂgfﬁy% employs emp;rxcalﬂ?’dﬁﬁﬁﬂibﬁanﬂakﬂe
process of the present |nven%lon an ¢ 4 €p|n§ gg qg
conposi tions usi nHOHEIRE 5 5PR 5?8&%§§%s° K and o S & fih &P
short sy n procespodgsbydems, t oande 0.0152 andpr 8s&at EDVenuKduprprésse,
- can be obt ai ned m@gggeg@y@éﬁgpellent

_ The dynamic shear properties of the polymeric materials
of the present invention are determined by subjecting a small
polymeric sample to small amplitude oscillatory motion in the

20 manner described by Zeichner and Patel, Progeedings of Second
' » PP-
- 333-337 {1981), incorporated herein by reference.

Specifically, the sample is held between two'parallel plates
of 25 millimeters in diameter at a gap of two millimeters.
25 The top plate is attached to a dynamic motor of the
Rheometrics System IV rheometer (Piscataway, NJ) while the
bottom plate is attached to a 2000 gm-cm torgque transducer.
The test temperature is held at 200°C wherein the sample is
in a molten state, and the temperature is maintained steady
30 _ throughout the ‘test. While keeping the bottom plate
stationary, a small amplitude oscillatory motion is imposed
oh the top plate sweeping the frequency range from 0.1 to 400
radians/second. At each frequency; after the transients have
died out, the dynamic stress response is separable into in-
35 phase and 6ut—of—phase components of the shearing strain. The
dynamic modulus; G', characterizes the iﬂ—phase component
while the loss modulus, G", characterizes the ont—of-phase
component of the dynamic stress. For high molecular weight
polyolefins, such as polypropylenes, it is observed that these



t her mal .bondi ng characteristics over a greater bonding window 10 in

conbi nation with excellent softness, opacity, tenacity, tensile
strength and toughness. Mreover, the fibers of the present
invention are capabl e of providing nonwoven nmaterials of
exceptional WHGB%EH| recti onal strength, t oughness, PCT/US97/04470

el ongation, uniformty, |ofti ness and softr‘ie§§ éven at |ower 15
basi s wei ghts than ordinarily practi ced and using a variety

Spi nni ng processe 1 al,_p
basi s wei ght of Foduli CroIsscm:"fhan a o <§)r%\% a? g%?%’y)(a mg)%g pre %ET?

| ess than wheny fgaSuredy A8 %Fmp%wra%fy Tedwendyan abeifd gyogsgver
even nore 20 modwlRkeiabkliak866et hped aw udc,1 @S \theC C@Bs BBV EY PELEQEETYY |
| ess ttl%n %gg%téélgga qgceven as | ow as about 10 gsy, or :

| ower, h erre ange bei ng about 14 to 20 ¢

For exanple, the fi ber§'h6f P?héd%éhtiw#ﬂdﬁﬂ i &3) chd drfined by OLee §/crossover
processed on high uﬁﬂ%&ds”ﬁﬁﬂdnﬁ ficvind Re BBkeYatd w:aru ch& #blecular weight

materials, in pa n fabrics_that car
di ver se uses, mcl‘iﬁtIE %8837% S Agcau gnfgol?ltl sgﬁﬁsuy index, the
back sheets in di aqg'ewsssovme ﬁxmc«r @Wﬂmtlmmﬂl}onwnh the weight

enabl e the productiv@ragk aemé@ummvé it3| Mwat £8P Qﬁyﬁﬁo m as
-about- 500 ft/mn, nor e% ﬁjﬂh as about 700 t EW =8

;
ft/min, *8nd even as rmr:"«E:fr S’P&? i"% I Hh A aeooJ'torgBSetemmmg ‘T’?'?F%Ieﬁ‘
(about 300 met er siisgpsisy laad simmgm gqsiudfugr, alfhg sample is dudgjedtiedn to

about 20 g/yd[err]sn(agszy)ampelithaw ascamaélé& a6Ya aﬁed_[@é&scy from 0.1 &% 400

about 17 gsy, as Io as bou as . about y
and even as | ow a§ Scﬁgé %?'XI Sgg?r %?hlﬁl‘é’sal transiefits éﬁ‘%d died
range bei ng about db#mt,0 1203 gesansduteragenprssosan oscillatory ditmests omfiput

strengths on the opdehgoh §imiﬁl§tfﬁ%@hc§0Qstﬂue strain inpf@0bGti Showily &
preferably 300 to n, ab ut 400

g/in, and nore pré’?’@?ﬁb%gas%ﬁ% °§3P§5 ﬁ?rggﬁ function cantgg YHFG o

Further, the fabriags igamphagee stmeasomgahi en coefficient knowmD 8957/1‘3@%‘20!39&
PCT/ US97/ 04470 (dynamic) modulus, G’, and an out-oflpghase stress with a

coefficient called the loss modulus, G", which are only
20 functions of the frequency.

_ The storage modulus, G', is the measure of energy stored

by the material -during a small amplitude c¢yclic strain

deformation, and is also known as the elastic modulus of the

sample. The loss modulus, G”, is the measure of energy lost
25 after a small amplitude cyclic strain deformation.

The complex viscosity, which is a measure of the dyhamic
viscosity of the sample is obtainable from both of these
modulii. More specifidally, the complex viscosity is the
geometric average of the elastic meodulus, G’, and the loss

30 modulus, G”, divided by the £frequency. In the instant.
situation the frequency is taken at 100 radians/second. More
specifically, the formula for the éomplex viscosity n is as
follows: '

\/(G') 2+ ("2

100




of about 50-200% and a toughness of about 200 to 700 g/in,

preferably about 480-700 g/in for nonwoven fabrics at a basis

wei ght of about 20 g/yd2, nore preferably |ess than about 20

g/yd2, even nore preferably | ess than about 17 to 18 g/yd2, 5 even
nmore pr.ef er abMO $%38865t han about 15 g/ yd2, and.even nore PCTIUS97/04470
preferably | ess than about 14 g/yd2 and nost Breferably as | ow o
as 10 g/yd[err] or |ower. ' ' A nunber of procedures are used
to analyze and define the ability of tHMEaBekk0bo ashd iteejecbbrt bg pegsening

I-nvention, and various 10 . r s . ar. ed J n.def iy Rg:-
characteristics oftq%goggﬁp]é%?ﬁ%ené o Slidg Pf%%c# Trl |nb§ré.i ese nv\f F‘Fa%%el =e
descri bed bel ow. their length is aagneiasugpsef dshel Goheshen Movdendibgrs. The
Eur opean ApplicatiQkt utilized hé¥eirD t63Re896rd A hEakeHebiorloflthe Whbehs iis
I ncropor ated by refﬁre ce.herei,n in its eéniret%, thg h in in
subst ant Pal |y non-2SE! D-4120-50,WhiSh 15y SRGPHBPERTSY &Y F&rEFE CHr Pehe
'skin-core fibersits entiretyaccofdi riduitso ttehss ,prepeeritficniengtis oxfh beving,

characterized by gjjver or tbpadBRRICLEEWEON IS RIeePBE(FEMePE, with
-stained.fiber,thin sect

rut heni umtetroxide . .(Rugerr ns. |
‘this, regard, as tSRFEhPAT movugg a(go)‘? ‘#éﬁ?r%‘ft HerP ﬁr%}acﬁpoﬁ%-ecu#ﬁg,d%ﬂ.
16, No. 4, 1983, Zprces are tréxpided,utesfespoxdmtns 8rai ey wedgheRol gmarithe

for El ggtron linear d@kEEQ?FEHnééldMiﬁﬁgdls HeLAbhd ReabBott edaPYuiated
reference inits ire is well known that the structure

n ty, .It
of polyneric as thenﬁ?@%af@sf‘étﬂ@%eﬁﬂﬁﬁ? BTt MERE ay, Aangafy, 1s

conposi t i on, considegrd prrodess m_ge,asuum oifatthei dythamhe ﬁiabénand:g}aésion.
properties of 25 MorkN@3RcifBERI 1G] Sa HnPleddr HRHGRYENS0) HIRRAE! of
strength, resili ence_zl;%f aﬁl.gu,e, faeaﬂ racture stéeng@h can_ be_,

hi ghl y REOFEFERY S Mo fpRET oY ToLuiPHR 2 PEREEeFY ("heE e Ehg niiber
that 15 t riansopersd el gwlrlen qarctioge gpyoighaa Belabhgsimedh cotton
techni que card Of (MOAR1CBAEAGEPSS Z& ) ON 1@ (HIBeP! MHGEL €0 O0dn evenfeed

het er ogeneous 30 ol r.systens at a high |level of_ resolytion;
however, it is  System tg’é?‘%/%ﬁ tﬁ&céi%%ﬁ)}" 5%%%‘?5&“?%@%"’%% FAEES fRyace-
pol ymers by use The fiber ofthenspassesmgthgengh bsadifmeshbéni pgtagemt safmmn

pol yners are moving RUGRbut 020 NR)MEE. OSPALIM R @%i EReRNFas sl iligh
t et r oxi g?e] ey t he .st ai nk‘ng gftt he f%bers of %hesr{)org_sent s
i nventi 6h, 35 a trymBSte FGHCr o PEYi BETYESR nEDr eI ST i ng Ayt
I n the norphol ogi gelinthathet eatded ifddbeyf isheopretad from a web té ryesktiver,.

sanpl es of fibers e s3tdbPefs Wirdh dA48BHStRHSIM 'dnother trumpet SHSTHSSiR o
0.5% (by wei ght) aqueoug.sol utjon o rutﬂ?m um . a tetsr oxi de 4
obt ai nabl e from P& FOEREABECONRE, CaByer FRGHLiYer is made to 85 grains/yard.

From the coiler can, the sliver is fed intco a Rothchild
25 Dynamic Sliver Cohesion Tester (Model #R-2020, Rothchild"
. Corp., Zurich, SwitZerland). An electronic tensiometer (Model

-#R-1191, Rothchild Corp.) is used to measure the draft foreces.

The input speed is 5 m/min, the draft ratio is 1.25, and the

sliver is measured over a 2 minute period. The overall force

30 average divided by the average grain weight equals the sliver
cohesion. Thus, the sliver cohesion is a measure of the

resistance of the sliver to draft.

The term "crimbs per inch" (CPI), as used herein , is the

number of "kinks" per inch of a given sample of bulked fiber

35 : under zero stress. It is determined by mounting thirty 1.5
inch fiber samples to a calibrated glass plate, in a zero

stress state, the extremities of the fibers being held to the

plate by double coated cellophane tape. The sample plate is

then covered with an uncalibrated glass plate and the kinks
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- 23 - Toomtenperature. (Wiile a liquid stainis utilized in
this : procedure, staining of the sanples with a gaseous stain is
al so possible.) Stained fibers are enbedded in Spurr epoxy resin
and cured ovewpiIgnwsat 60[err] C The enbedded stai ned 5 PCTUSITRskT0ber s
are then thin sectioned on an ultramni crotome28sing a di anond
knife at roomtenperature to obtain m crotoned .sections

spor o6 !y 80 L K bSoE e SIS0 s g pEEIVEH 0
di spersive x-ray &atirysimampEDX)Cfnakints | izegarh oS i length ihatthene
Rll:_O[ err] h?d penejhat eg1 ceaPhot al.y e tdi-GoNteHe Ofrig® per inch £bkb@&ach
onr ] chient of t hetPaERen LRI FeR ARG &° PReMGUTEeraHee is taken 4¥ crr.
region & the fiber cr®he-skznropre ostrdegure off athgsinstant fibexs ahoube
0.2 [err%n] E{efebﬁéﬁﬁcé@han?egkﬂiOErBEebﬁﬁétlﬁﬁﬁﬂtachieves an 0.0x i@k b,
breferably to u dUpPFRSC i Padlor BiRr1a0; b Mahechieh Mg of the Bolyger,
of the fibers shokiengdaamiiie sonéaceucherhairfiident est compared to thet ipolymer

further, the enrighggat i@f ahULRGREUBELRU JreHdU®:i bRk .t N@nd@, the skiQUkBke
surface region of the fiber cross-secti i%,can_be

[ grfeat Z’ﬁ t han
about £% [err]m Fhfpgture comprises modification: pfra,llend,of,HolvRERFefo
less than 2, anotbkrain the skin-curmetroftstet iang tihes methepmp sarsaparant

is with respect teomponents'_beihpejsmdaah%tg dhagetan yObxt BRafAd et SMFRLRI N
t he equi val ent 25 . . di ris e%t;_glr t,%&t\_ge d1$ ter of a cirgle
wi'th equival ent Such as in.pheathsgang, 4967 PY RBIT TS RRIEGEd TaPErS -

five sanpl es. Of courskhr echpar skiwt coze/, stonctidrer samabengtd ldeeiderin ess
te Eﬁncﬁ#estn Pe_ ] compos £t [fiblay,ckaf‘cifaﬁta%aehél @&nb%ot%é gé_ﬁdzdttﬁrbe?gfr@fpf:egent

i i , stai.ni ng of . equi val.ent dianeter o e fiber.
In such an 30 in the gheqide! Qt ﬁe?’é?\?&b‘fﬁ%b"rﬁ %"ﬁef‘u?’ﬁe 'brﬁ'aé’tneﬁrni%r’f cdgred
conpri se in U.S. Patent Nos. 5,281,378, 5,318,735 and 5,431,994,

Thus, for example, the skin-core fibers of the present
invention can be prepared by providing and/or controlling

20 conditions in any manner so that during extrusion of the
polymer blend a skin-core structure is formed. For example,
the temperature of a hot extrudate, such as an extrudate
exiting a spinnerette, can be provided that is sufficiently
elevated and for a sufficient amount of time within an

25 - oxidative atmosphere in order to obtain the skin-core
structure. This elevated temperature can be achieved using
a number of techniques, such as disclosed in the above

- discussed patents to Kozulla, and U.S. and foreign
applications to Takeuchi et al.

30 More specifically, and as an example of the present
invention, the temperature of the hot extrudate can be
provided above at least about 250°C in an oxidative atmosphere
for a period of time sufficient to obtain the oxidative chain
scission degradation of its surface. This providing of the

as | temperature can be obtained by delaying cooling of the hot
extrudate as it exits the spinnerette, such as by blocking the
flow of a quench gas reaching the hot extrudate. Such
blocking'can be achieved by the use of a shroud or a recessed



at | east about 1% and up to about 25% of the equival ent di anet er
of the fiber, preferably about 2% to 10% of the equi val ent

di aneter of the fiber. : "~ Anot her test procedureto illustrate
t he skin-core_35 structure of the fibers of

invention, - ang ?737065 especi al |y useful ,pn_eval uating ?ﬁgﬁfgﬁfﬁﬂh of a
fiber to thermal |y bond, consists gf the m crofusion anal ysis of
resi due using- a hot stage test. This procedure is used to

exam ne for the prgseneeelteathgti dyechotdAMrid axbabrranged to proWide the
97/ 37065 PCT/ US97/ 04470

- 24 - maint AR g8t A" RN §ur i ng heating, with the presence
of a ' hi gher Ianpanetkér r @spggs  di theot Isiﬁléoﬁ?’éﬁi atityypakuge t pan be
a{)i lity ' olﬁfaliefi' B?rhéé}h{i{gg‘th@ep?@?ﬂet + heyera J.lﬁoﬂﬂénihciﬂliw”éf hQ'Ie
st age rocedure, a suita ot s u

Ton’ s 5 msPugETeEs gestiist by fbteohia teat LR e PP LABES LS T

processor, is set az@aléaﬁecfcr}tctOAtUe(anmesatteonémpr—hes wiraised the polymer

on a clean m CrOSC};QII%%ciS'daQﬁbeA@ﬁraQéa”%EehhégaEPorlOQc fézbee(@acent to thél&
cut into [err] mm] engths fromthree rand are I | anment ar

sanpl e, and stirr &®5Sht BRENEPEMSTESNE ]PY rte}’?tiylbeatlng the, 5Béme‘fﬁ%te °©
random y di sper sedrs &iphent ssudversead hethed pbatsy positioned agbassimattkely 1
pllaced pp the hot t%a&emmsgbw@t thgt Eggaﬂéreété heso as to hea%uttﬁa &S Bymer

“will, for the nost part, be in VI eW.
termperature of t hEBOSILagR § ac ﬁ@ﬁfFﬁf-%'é'ﬂ tAPETAEPES dt° obtaln a skin-core
3[err]C/ mnute. Atfasxwfe senpenatelr epob heedollegs swdhnkaax ibeling, :‘hﬂmedlately

and the presence qrce; gf ﬁr&kidgg\;eegltgﬂgﬁhélse observed. As
t he shrlnkagelsc eted, the heating is st%‘Fg and the
tenperature is reduced P&pleéﬂaﬁpg'é 158F efr P SRID prgress for the

-exam newst hr ough axtiruisdbheofi tthe podyaershténds theNiektmruSkok temperature of
trinocul ar pol ari g p@l%@:?C;QQ botﬁ’f‘ 3%°Eh%09§@°@ ‘&‘hdatﬁQ spinnerette has

representatlve area "I1s” taken tain a til
a temperature at :Lts lower surface of about 200°C. This

- temperature of about 200°C does not permit oxidative chain
scission degradation at the exit of the spinnerette. 1In this

20 regard, a temperature of most preferably at least about 250°C
is desired across the exit of the spinnerette in order to
obtain oxidative chain scission degradation of the molten
filaments to thereby obtain filaments having a skin-core
structure. Accordingly, even though the polymer blend is

25 heated to a sufficient temperature for melt spinning in known
melt spin systems, such as in the extruder or at another
location prior to being extruded through the spinnerette, the
polymer blend cannot maintain a high enough temperature in a
short spin process upon extrusion from the spinnerette, under

30 oxidative qﬁench conditions, without the heating supplied at
or at a location adjacent to the spinnerette.

While the above techniques for forming the skin-core
structure have been described, the present invention is not
limited to skin-core structure obtained by the above-described

35 techniques, but any technique  that provides a skin-core
structure to the fiber is included in the scope of this
invention. Thus, any fiber that includes a. surface zone of
lower molecular weight polymer, higher melt flow rate polymer,



reproduction using, for exanple, a M -NC70 video canera
equi pped with a Pasecon vi deot ube and a Sony Up-850 B/W
vi deographic printer. Arating of "good" is used when the

majority of fibers | eaves residues. A rating of "poor"” is 25 used
when oniy a fEQPHEEent of the fibers |eave esidues. PCT/USST0M78r
conparative ratings are also avail able, and ?‘Plc'l ude a . rating of
"fair" which falls between "good" and "poor" and a rating of

"none" whi ch, of ﬁi’a§%d Rl RePe! S04/ oqoﬁégradéba polymer woulr@‘b%ngogann-@%qg

indi cates that a skin is Rof present, wher ngs poor
to "good" indicat Sl?ﬁﬁta%c%‘ﬂwgi §°prt$‘§eﬁfesent invention. gjze excl usion
chr omat ogr aphy (SEC) i In usedetro et deteneine whether tahesmiﬂ-amﬁearfi\né:ghhs

di stribution. _ E'Ceh@rabobbg?eferred to rH@ELRiﬁEnggagégﬁ e%QLES
“chr omat ogr aphy IS@E}; or med t enpérat ure of Usi n
Waters 550- C ALC/ RPELLZEH: 35A°c°rdm9téﬁpépﬁt PEESPREULBVERE bfRt o@?-‘éphnvmlfiﬁ

differential refrﬁféfdﬁred embodimeritndethe( \Aﬁitﬂreea)lud\etseatmﬁzﬁg teseodbhll be

tenperature, the NRar and | Lection
system are t her rmé?a?‘g%ded £o dece 4&{% TrC an%&ﬁ € Pinp uCture is
thernmostatted at B5¢efRf G P Rssi-| e - More speghfiea Ioﬁyeﬂlb%r can be

1,2, 4-trichl or obegdehectddBjrcst pithédin Wisthining, and the VEAOhwdid of

PCT/US 7/ 04470
butyl atgl e({zl hydroxy Itﬁ%]lrllleu Bl-ﬁ")l r?sﬁdue) 3t \FPR- SuF Fﬁwsra?face region of the

0.5 m/nmin. The cbikgm %zétssl fertden YW@&WMEEE‘BBFQEMZF%SCM fiber shows
(Amherst, Mass. )an RinxGaihmignke in Behe dnaMewing, stdfhifdLfof a thickness of at

‘particle size, %éaQQ abdd- 81908 and %t e% Sa%%ggrigo e%:he equivalent

PL- Gel 500 angstrom col umn, ron par I'Ze, “part
1110- 6125. To pltdwstaxn forc Eibens depraipid @ éﬁai%lcsf lesﬁethan 2, the fiber
sanpl essare di ssohyeda |§kja-1-&hjx{e| segudEBrby heating to 175[err]C

for two hours foll owe a | tJ.0 t
145[err] C. Moreover, t sarrp e%qg’?’éaggok" ?9#@%@% %‘Lhé%?“{l Arf QeXCfd.lent tesé
anal ysi s. All. £ éeﬁﬁammm gfkingepxe PRTUPHYER) Biprey may be certain

instances wherein enrichment in ruthenium staining may not
~ occur. For example, there may be certain components within

20 - the fiber that would interfere with or prevent the ruthenium
from showing an enrichment at the skin of the fiber, when, in
fact, the £fiber comprises a skin-core structure. The
description of the ruthenium staining test herein is in the
absence of any materials and/or components that would prevent,

25 interfere with, or reduce the staining, whether these

' materials are in the fiber as a normal component of the
fiber, such as being included therein as a component of the
processed fiber, or whether these materials are in the fiber
to prevent, interfere with or reduce ruthenium staining.

30 Skin-core fibers'according to the preseht invention can
have, but do not neceésarily have, an average melt flow rate
which is about 20 to 300% higher than the melt flow rate of
the non-degraded inner core of the fiber. ‘For example, to
determine the melt flow rate of the non-degraded inner core

35 ' of the fiber, the polymer blend can be extruded into an inert
environment (such as an inert atmosphere) and/or be rapidly
quenched, so as to obtain a non-degraded or substantially non-

. degraded fiber. The average melt flow rate of this fiber not
having a skin-core structure could then be determinea. The



pol ypropyl ene cal i bration curve obtained froma universal

transform of an experinental polystyrene calibration curve. The
uni versal transform enploys enpirically optinized Mark- Fbumﬁnk
coefficients of Kand [err] of 0.0175 and 0.67 for 15 rene
and 0.0152 amal979652 for pol ypropyl ene, _ respeE‘Ff’V '
The dynam c shear properties of the polynerlélnﬁterlals of the
present invention are detern1ned by subjecting a small pol ymeric

sanple to snall :H%£ e. Osf%%Aé“:rgégggtffgb(ﬁAtéggfzghe skin-coE%”@?E?r can

descri bed by Zeic | NQS
Congr ess of Chemi cra!enEbgl demm:gledvbm Fé&tra%ﬂ-ng ghegverage melt fiow rare

( ?1-981) | x nCOLpFrd'%%ﬂe nbﬁf&éﬁadéalylfllbéﬁr efépieBenting the mel3pEdblv caté \of
the sanple is he et wee al el ate of -2
in dianeter at a %L) t & rggg melt flo%hrat? Lf ?h€1gkiﬁmﬁéﬂ§

~attacheds to a omm cdmmheng télfis ghgfexence by tth@msq @@lsyﬂeﬁfh ¥are
rheonet er (Piscat gyytheNdbnVlddEadde fiber; and midiplpipigabe n9oat t @6 hethdro

"a 2000 gmcm torque t ansducer The test tenperature is held at
200[ err] C wher ei n 1Hé&Ssanple is in a nolten state, and the
tenperature i s maintained steady 30 t hroughout the test. Wi | e

keeping the bottgp,rdi?t €ncrease in MeditatFa8aary, a small anplitude
oscillatory notion i RatPegedkin-Core Fibedtbhe EOPMPRAL & MIBBED/MERL Re100
frequengy range fromMelt Fao#ORate of Core radidans/second. At each

frequency, after the trg gbgﬂts have di ed out, the dynamc
stress response is separable into in- 35 phase and out - of - phase
conponents of the shearing strain. The dynam ¢ nodulus, G,
characterizes the in-phMRg. Conpeneitie melt flow rate |@f tthe Iskin-orodal fishels',
characterizes the -of phase conponent of the dynam c stress.
For high mol ecul ar® mel pol yol efi ns, such as pol ypropyl enes,
it is observed that thg@’& melt flow rabg) of Ehp@pre
PCT/ US97/ 04470 - 26 -

15 Of course, the percent increase in the average melt flow

rate of the skin-core fiber as compared to the melt flow rate
of the core would depend upon the characteristics of the skin-
core structure. Thus, the skin-core structure can comprise
an a gradient zone (e.g., of decreasing weight average
20 _ molecular weight towards the external surface of the fiber)
between the outer surface zone (e.g, of a high concentration
of oxidative chain scission degraded polypropylene as compared
to the inner core) and the inner core, as obtainable in the
processes disclosed in the above-noted Kozulla patents, and
25 in the above-noted European Patent Application No. 0 630 996
. to Takeuchi et al. In the skin—core'structure,-the skin
comprises the outer surface zone and the gradient zone.
Additionally, there can be distinct core and outer surface
zone regions without a gradient, such as disclosed in European
30 Patent Application'No. 0 630 996 to Takeuchi et al. In other
words, there can be a distinct step between the core and outer
surface zone (e.g., of oxidative chain scission degraded
polypropylene) of the skin-core structure forming two adjacent .
discrete portions of the fiber, or there can be a gradient
35 between the inner core and the outer surface zone.



nodul i crossover or coincide at.a point (a certain nodul us) when

measured as a function of frequency. This crossover " nmodul us is
characterized as Gc, and the crossover frequency is characterized
by W. 5 The pol ydi spersity index (Pl) is defined by

10[ er r]/ cr 0SSWQBT37065 nodul us, and is found to correl BCBUSATIONTO he

nmol ecul ar wei ght di stribution, Mv3?*h.- At a constant

pol ydi spersity index, the crossover frequency correl ates

inversely with the wei [ m)leu ht, .Mv__for
pol ypr opyl enes. 10 #lls, the BF% orajtg aﬁ% ? Lﬁea%r Fhts gpvention can

determning conprade different VPRl Cg??d?aeyﬁawﬁ’él%dul Her ekamplepl thes

subj ected to average Mkl ambist lﬂﬂ:é)S@ﬂ kagi @klatcaréref%%&gy HBmRL. 4
to 400 adi a s/s ong and er tthe |n|£| al transi have "dj ed
 BEebiRerdltn Ui

down, the transdd cre A §tr BYE T AL 57 "the CRLS | +HY
a simlar frequerm;l)a§3tllgéltéwarﬁatenpmhamnthehmalhgfbpw rate of tphapelymer

This out put stress) dAC i< QﬁeaE%E¥§§Q het© flow rate o&NthB- BRESEC xe
stress with a coe f|C|§t known a

am c) nodu
G, and an out - of SfifEs 3¢ PER %a\%ﬂ £ B’ thﬁo‘@ftfqrcFB%gX% I2I°é’& ?H@ F%s
modul us, G', whiiginexr ecaxd )ASZ@lgnlflcafltlhEtgm&If thaa thequehtyflow rate

The storage m)duld&.s the é :LQ:.@B en%9¥ 8beESfically, for W hdf
mat er i aI duri ng smal | | tude gg\ stra 1D H%?ef ormation, and
i s al sé®known as lr?é" Elaég BF Rirnd of about 10;dgfmin Tibel gyerage

nodul us, G', is timlthddouwr cabé ef\etrfg;/ dkagi-c@be fiber wiftthemtaasgebh&iient can

anplitude cyclic B (it 798 A MBS | Mbut 11 to 12 dg/mlnThQJh(iQﬂpEﬁélg?t?ggséﬁayt
which is a neasure aof the d VI SCOSIi 1 esaggels

obt ai nabl e from %r’ofcﬁﬁéggnﬁega‘datmﬂ?o&ﬁﬁ}r’ nl\?b‘r“b‘ EPf FREFFIREI kLY
~conpl ex vi scositythes auter surface zageomdt the alam-agera)ffltblee el st contrast,

nodul ugg G, and ¢ihie dRSSaR0 melt £1SWHUUS, £0rC'a s yidad i e having a
frequency In the j.nstant situation the frequency is taken Gat
100 r adi ans/secorﬁfaéﬁtﬁ’@ is about 2gp‘é%|5fQ%Eﬁ Bethe fornula for the
conpl ex viscosity [errStiild fsrther, whllefubt(h@;ng wishedrfo be bound to the
relationship of the dominant phase of polypropylene to the
polymeric bond curve enhancing agent, such as ethylene vinyl
20 ' acetate copolymer, it is pointed out that the polymeric bond
curve enhancing agent may be dispersed throughout the cross-
section of the fiber in the form of fibrils. The dispersion
can be in any manner, such as homogeneously or non-
homogeneously, throughout the skin and core of the fiber, with
25 the fibrils appearing to at least some degree in both the skin
and core of the fiber. _

More specifically, the polymeri¢ bond curve enhancing
agent, such as ethylene vinyl'acetate-copolymer, can be in the
form of microdomains in the dominant phase, with these

30 " microdomains having an elongated appearance in the form of
fibrils. These fibrils appear to have dimensions, which
include a width of about 0.005 to 0.02 um, and a length of

.about 0.1 pm or longer. However, while fibrils can be
present, such as when the polymeric bond curve enhancing agent

35 _ comprises ethylehe vinyl acetate copolymer, fibrils need not
be  present. Accordingly, fivers according to the present
invention may or may not have fibrils present therein.

_The spun fiber obtained in accordance with the present
invention can be continuous and/or staple fiber of a
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- 27 - _ The ability of the fibers to hold together by
measuri ng the force required to slide fibers in a direction
parallel to their length is a nmeasure of the coh

fibers. The WO9MM65 togt ytilized herein {p Measure the ??ﬁ)?’rsgl on of the
fibersis 5 ASTM D- 4120-90, which is 1ncorporated by reference
herein in its entirety. In this test, specific |lengths of

r _Ovihng, mofibbdfforintt 68 M@n@bﬁf&hedtﬁ% waﬁa %Mdi&bl? 04119 Wi®hSn
wi t - eac r n erent p era

Graft © CRofeREes B eddefind (dnn°E8Bbe Reh ARRE b S5k o M Sner,
the 10 ' | i neaqs pregfanaplysigahe  graader tmafabqw}: Benandtpreiaabiyated

as the draft resighbflg forsceaper 3unlrhoi-é n@%&fd?ﬂﬁl y1aBo$.1t 1 to 2.5, with

consi-dered to be a mpasur r. C Si 0
Mor e spegtlflcal | yP %’éﬁ?)‘? ‘Ppofftq inﬁy?gf’gg) p% n:'d‘ssooﬁ 7’%nd 1.9, processed
staple fiber is fed i nfn &bpr etdsdeconbenent héibeber e18.,9 the hicompenedt

to enabl e cardingg éOUghcﬁ Bl lal 'Hlfé&'}f—h:o%@t tsRFucture, the GRedth( Miéﬁlent
CMC (EF38-5)). The (5) noves, 1o an evenfee é_yste throu Ege
flats where the a&'?ﬁia Fnﬁk’r%@e’pﬁﬁf'écmre' while thg,corepe e'??ﬂé:n ou

passes through a def biast ernvebrvieprlapraye element suchpwisngisclabedt iA0the

mmin. jhe fiber agowe{aa@cslsfeeat hfodgh Réent Nos a B vipedoHui depalhess,
bet ween two cal ender car ber i S

IIs t th ed ‘fi
converted froma #&p3 t 26y sl4| 9@? QE 4:738,89Re s“]'lq}’égr 58? 6a§§8d 46.
t hrough anot her t Thupet tiyei clerd relement of the hlcotlmnerg: (fmblee‘r need. ndhebe

sliver is made tog8gratieH Qﬁ'/!@ét‘ii -consist of the same Mﬁ}rﬂetﬁccﬁ\b!:@flﬂa"&s the

sliver is fed into.a Rothchild 25 ver on Teste
CNoiel #2020 | BUERORIqapbondnt . althoygh T FRLALE b Lot RolR2t thie
el ectror8 c tensi owgter ¢iVbggicable or adhenéﬁtlﬂ;@li;hd?omlm@m kdn€or . thel shastl

to neasure the drééﬁp&ﬂéﬁt_es Accordingly, Thﬂ’le' npyte spagd bémﬁrﬂééﬂ thel NBame
draft ratio is 1.25, and. t

i s neasure m nut e
period. The overaPle?%‘ec ﬁterlals asa\}:é"teaﬁéeap\'ﬂ B H7E ﬁgcg‘(’élr%éhﬁr Cim
wei ght ‘equal s t hemgk¢weg of polypropylkssiresindnone Thugnoret pelyhexis bogikde shove

is a neasure of tEﬁhanc.lng ents £ Sndt BBESJ.}S’fin&% &tinid¥e bRAQEEBbhal polymers
The ter ”6 "erinps g 1nc meed? 1n| 2'.he esh r<]>err %Iag bompr:t.she other polymers or
' polymer mixtures. For example, both the core and the sheath
can contain polypropjrlene or a mixture of polypropylenes,
either alone or in combination with any other components
_ including the polymeric bond curve enhancing agents, e.g.,
25 ethylene vinyl acetate polymer and/or additional polymers.
Further, the fibers of the pi'esent invention can have any
cross-~sectional configuration, such as illustrated in Figs.
1(a) - 1(g), such as oval (Fig. 1(a)), circular (Fig. 1(b)),
diamond (Fig. 1(c)), delta (Fig. 1(d)), trilobal - "Y"-shaped -
30 {(Fig. 1(e)), "X"-shaped (Fig. 1{f)) and concave delta (Fig.
1(g)) wherein the sides of the delta are slightly concave.
Preferably, the fibers comprise a circular or a concave delta
cross-sectioh configuration. The cross-sectional shapes are
not limited to these examples, and can comprise other cross-
35 sectional shapes. Additionally, the cross-sectional shapes can
be differemnt than those illustrated for the same cross-
directional shapes. Also, the fibers can include hollow
portions, such as a hollow fiber, which can be produced, for
example, with a “C”cross-section spinnerette.



nunber of "kinks"-per inch of a given sanple of bul ked fiber 35

.under zero stress.. It is determined by nounting thirty 1.5 I nch
fiber sarrpl es to a calibrated glass plate, in a zero stress
state, the extremties of the fibers. being held to the . plate by
doubl e coat edWONBPHéhane tape. The sanple plate is _ PCT(USSTIOd WV er ed
with an uncalibrated glass plate and the ki mé& - - WD 97/ 37065
PCT/ US97/ 04470 . - 28 -

present in a 0.625 incd{en glf]d}ctfﬂ agh 4f 'sPeBsaES QQ%':{Fteqi.n -U].%uallzatlon of

total nunber of kinks 1n ea 5 i nch

multiplied by 1.6:8% JdHess tRe dhienpRreReny néHV?BFl%‘bechFlgs 2-4 prpyéde
Then, the averageschendtireddduetratbons thakenrfas Chis, Hig. 2 schematlEme
skin-core struct t f [S nb r ced b :
procedure that ac |e‘84e%£a{a]fﬁe§o;§d§]?£n LA S5k g%]"eposaeéiatcffong)aﬁ‘ay%'? To%& %g
of nol eBul ar wei FRCRHAInE tolShtePresent invention havimge asgkiac sovpribing

]1:| Eer aSTﬁoerar ﬁCbxiﬂkbe RoneoBYHERE an lntermedlibeedgfﬁ'dféht' %‘é (jor angf at B@:};e
I ber us, t SKI N re UCtU Il ses |cat|o 0 a
1o "FE8TC 3 Oschemaci SHING M1 P SRR TR R s obLbep

bl end of polynmers to e Kkt
conpri se separ at ecomposed of g adoment blenrd mgcpoiingl tal the Iarassantalllnyentlon

extending interfagring a dlscrei%0§t3§ b@tﬁ@@@“ﬂﬁ?Qﬂﬁnﬁﬂdaﬁadéop¥ §'deFlg
bi corrpggent fiber 1n core Ectu e can

" & 15 ¢ schemagicalan JIINgEFares Co Ml dbrianagt

utiliz 5k S??ﬁ%tﬁ?‘l%er
bei ng present comprisingn & hehehtht pfofa apehgaeh- bbendf pbepriing heorariner
di scl osed presddt U inverdiiemt Nﬁﬁlnﬁ 231 §K§nfébﬁgfiégghéﬂﬂke As
5,431, 994. . i1lust tedh ﬁhfor exa c skin-core fibers of the
present TURFERESSh A be ’p?°'@§°r“§5‘ by P8 ditf 4§For a»  inner
control ling 20 - bicompomeitt iaare isPmpepepinfer Wy abhgits difirfifieyemtt riosimnt ng
the as polpan%e&l Bﬂ!@né SKi thhe YR ath! usharﬁefe%:éﬁarelmdmeEaise%aml.-?nd

thetenperature tI‘U as _an_e

oot er et o Cooh 8 BHOTAAEI PSP L A BRERLFy L L and 3 in Fig"

According to the present invention, the starting .
composition preferably has a MFR of about 2 to 35 dg/minute,

eX|t| ng

so that it is spinnable at temperatures within the range of
20 - about 250°C to 325°C, preferably 275°C to 320°C.

' The oxidizing environment can comprise air, ozone,
oxygen, or other conventional oxidizing environment, at a
heated or ambient témperature, downstream of the spinnerette.
The temperature and oxidizing conditions at this location must

25 be maintained to ensure that sufficient oxygen diffusion is
achieved within the fiber so as to effect oxidative chain
scission within at least a surface zone of the fiber to obtain
an average meit flow rate of'the fiber of at least about 15,
25, 30, 35 or 40 up to a maximum of about 70.

30 ' In making the fiber in accordance with the present

' invention, at least one melt stabilizer and/or antioxidant can
be included with the extrudable composition. The melt
stabilizer and/or antioxidant is preferably mixed in a total

amount with the polymer blend to be made into a fiber in an

3s | amount ranging from about 0.005-2.0 weight % of the extrudable

' composition, preferably about 0.005-1.0 welght %, and more
preferably about 0.0051 to 0.1 weight %¥. Such stablllzers and
antioxidants are well known in fiber manufacture and include
phenylphosphites, such as IRGAFOS® 168 (available from Ciba



el evated and for .a sufficient anount of time within an 25 oxi dati ve

at nosphere in order to obtain -the skin-core structure.
This el evated tenperature can be achi eved using a nunber of
.techni ques, such as disclosed in the above di scussed patents to
“Kozul I a, and W&97/3106&$ f or ei gn appl i cations to TakRERBSTB47Y| . 30
More specifically, and as an exanple of the $tesent ‘i nventi on,
the tenperature of the hot extrudate can be provi ded above at

| east about 250[er E;]EC?gn gﬁ%qm 3. @t@r LTRANOX® 641fPJv£L1I%‘ﬂ1' 0¢ .8k
time sufficient to ODCAIN e oxI t|ve c arn Cl ssi on

degradation of itsGsaprateElemtEiq Grildi Ach SANRESTAB® P- -EFQ t EVFariadee fEoR
be obtai ned by del gyhagz aeirieglofo!he dnat hindered phenskiddjdatiehass i TRGANOKS

the spinnerette, b Ki t flow of a quench gas
reachi ng the hot egﬁ? §?V¥1ﬂ’§‘c £1%m I&?ba Gej‘%’(oc‘f( ng ‘can be achi eved by
the use & a shroud or 'ﬁhﬁieé‘é%bé%llzer and/or antiopgg@dent3gagsbe added to the
PCT/ US97/ 04470 extrudable compos1tlon in any manner Eﬁ)prov1de the desired
spinnerette that is constr cte gd arrancq_leld toégrow d

mai nt ai ni ng of tenpEPET Wf% ion. ~1n partl othét® aspglc‘?t the materials
ski n-core structurwayaropsain addltlves)bﬁmmetchaoysumdtlem t Ferpekpmpieb| the

![E the vici mt Ey of pbgprépylene, aﬁplﬁ%@}eﬁe @nt[l@éméaﬁrﬂlas&&&yvbeagpmof
e Spl nner e e or to he SPI NN
Iﬁemoxﬁ’l 076, F‘Bﬁ € ?

words, t¥fe pol yner 5?5‘5“%1 ar PoRBtt
adj acent to the at0 to 1000 ppmast Myépmﬁem#reacymltmneecmtheax| pgher
the spinnerette orgrabjilizers. an el enent such as a heated plate positioned

I;:on‘:aln

opproximtely 110" cpel Sy SBRURehEF, SHRBTTED S8R 0R e |
skin-core amofmber upt tgc taheaity pb nwetght nﬁg sntacids benely aS calcium
i medi atg] y stearaﬂ@ncmdamb@n@@ Pl oM MTRREI0801-0.2 weight %,
For exanple, for a t¥8ran s?hgﬁtasg Htgrggﬁéfnéoéréﬁeo 01-2.0 weight %, and

other well known additives can be included in the fiber of the

present invention. '
Additionally, the use of polymeric bond curve enhancing
20 agents, such as ethylene vinyl acetate copolymers, in high
i temperature extrusion procesées (greater than 220°C) can
result in pressure buildFup situations on primary extruder
filters and/or downstream spinnerette filters. To this end,
processing aids designed to prevent "stick-slip” behavior of
25 polyethfiene in extrusion dies, wmostly in film systems, can
be used to prevent or reduce pressure build-up, such as with
ethylene wvinyl acetate copolymers ranging from 9 to 28% in
vinyl acetate content. Such process aids are of the type that
preférentially thinly coat the metal parts of the extrusion
30 equipment, e.g., extruder, piping, filters and spinnerette
capillaries, so that the polymeric bond curve enhancing agent
(e.g., ethylene vinyl acetate copolymer) does not build up on
the filters and/or capillaries, causing pressure build-ups.
For example, the process aids can comprise Viton® Free Flow™GB
35 (available from DuPont Dow Elastomers, Elkton, MD), Dynamar™
FX9613 and Dynamar™ FX5920A (available from 3M, Specialty
Fluoropolymers Dept., St. Paul, MN). Preferably, the process
aid comprises Dynamar™ FX5920A used in combination with



15 extrusion of the polynmer blend, the extrusion tenperature of
the polyner is about 230[err]C to 250[err]C and the spinnerette has

a tenperature at its |lower surface of about 200[ err] C. This
tenperature of about 200[err]C does not permt oxidative chain

sci ssi on degrwidawswes at the exit of the spinnerette. In thi BCROS97/04470
regard, a tenperature of nost preferably at Jeeast about 250[err]C.

is desired across the exit of the spinnerette in order to - ‘obt ai n
oxi-dative chain scission degradation of the nolte anents to
thereby obtain fiFHRETE H’ég?’ P& H - oFPeYmer a9 the %‘%JTYJEF&FeL curve
Accordingly, evenemﬁznqﬂnglagep@Iyner blend is 25 heated to a
sufficient tenperatur&{,QfouieldypeRi rﬂm.@hEQOWBcludlng spin"BLAi SRS ang
systens, such as in the extrudér or at anaqther ocation prior to
bei ng extruded t HPYRIGht IMEPRER 7% & APRIAEA to the fibgppypy, SBPERECER b

‘maintai g a hi gh enothelie nperyatenr blendato affect theshatitabpilitpr andsstapbn
extrusion fromt osé:%' %r eE%ethé'rQ.ger%O For exaﬁ?ﬁ(iéjatde\ﬁ%lglﬁegggnts, such

conditions, with eat’i ng s%p ied a
adj acent to the s¥?nAépetpged in U.S. Far' N%l‘l*es'f‘héjaﬁbovbmf@a?ﬂﬁﬁ% P%r
fornming the skin-fe&ference herein dhr dekueathaveypeesn descut bbikzed heith esiont

et o IS ool jiibers of chbl Bhidhd AndEhPa6ar e Sirtictntrabt abpadobyobhe

above-descri bed ues, any tec
ski n- c@Pe finighefot LF¥h oa-°t h@lff‘F:'fFeﬁeq slff nTé{%deBafr?P‘t h@scépﬁﬁ%f B3 s
i nvention. Thus, Divedddratelingy refelrefice Refeird dee iEenén®irety, can alkéviy

g‘;} ggglf;gr wei ght 'IBPJ VB wgkﬂhﬁ{e r?%.lbtergI Q¥ El‘?é %&%%Eégsilb\a%on Also, m

- 30 - hydzophabied pirishass saR/ drefegirRd¥d §RBAISe wByfgepRoRic
skin-core pencéé:}qejhzammdiemge&e t haspr ehianrtl osedentiinon.U.S. Patent

In ordgg to deter Jhethen.a gkips °£§‘of'1bﬁ5ed %ctoberts 195@seaaﬁ1cﬂ hes

above-réferred to eni um_stai ni ng S
According to the W%ﬁraltﬁéehl’lrc’ﬁ{er&ﬁ&el #njits entirety. MJé?té’FPéd“ these
embodi ment, the reddean Wreshdbildild E¥onHElBubes Incorporated, Wilmington,

Delaware, as HERCOLUBE® and HERCOFLEX® synthetic esters,

including HERCOLUBE® J, HERCOLUBE® F, HERCOLUBE® 202, and

20 HERCOFLEX® 7072; and from George A. Goulston Co., Monroe,
North Carolina as LUROL® PP6766, LUROL® PP6767, LUROL® PP6768 -

 and LUROL® PP6769. |

Additional components can be included in the polymer

blend to effect properties of the fiber. For example,

25 components can be included in the polymer blend which provide

' a repeat wettability to the fibers, such as an alkoxylated

fatty amine optionally in combination with primary fatty acid

amide, as disclosed by Harrington, U.S. Patent No. 5,033,172,

which is hereby incorporéted by reference in its entirety.

30 It is also preferred that the fiber of the present

invention have a tenacity less than about 4 g/denier, and a

fiber elongation of at least about 50%, and more preferably

a tenacity less than about 2.5 g/denier, and a fiber

elongation of at least about 200%, and even more preferably

35 a ténacity of less than about 2'g/denier, and an elongation

of at least about 250%, as measﬁred on individual fibers using

a Fafegraph Instrument, Model T or Model M, from Textechno,

Inc., which is designed to measure fiber tenacity and

elongation, with a fiber gauge length of about 1.25 cm and an



performed to determ ne whether a skin-core structure is present

in a fiber. More specifically, ‘a fiber can be subjected to
rut henium staining, and the .enrichment of 10 rut heni um (Ru
residue) at the outer surface region of the fiber - tion
woul d be det erWPAEU™Sf the fiber shows _ 3, . an enri chﬁ‘gﬁﬁ&%’rq%g e
rut heni um staining for a thickness of at : ' | east about 0.2 [err]m
or at |east about 1% of ‘the equival ent di aneter for fibers
havi.ng a deni er ofejltesssildanratet bE fabelit 1200%/min hiasrezagki nofon® fibers
structure. WAL l.e [ e -
fest f ot rEHEb e | SpEld thd ke Br ST ORI

instances wherei n @wxd@dnbmtlil?u dandeanpintae o ey Whylfhoﬁlber elongation is
occur. For exanpl Qieﬂlhﬁardea@azhbeeceléﬁgartﬁﬁm@nbméakwthu n 20 t he

-fiber that would interf reH‘_Wlbte OL¢ Ségg%e%emet r\%}ﬂ %ngg' can be dra‘fﬁg@der

show ng an enri chnment kPnobt ]
the fiber conprigesious sitial- copditiensictand. PrefPh“éblY are drawesatiyatine

of the rutheni um AizboNE ieﬁé Her wlﬂhl §réfle£ﬂﬁ draw ratlo@m@sgﬁgaéwout

t | d/
or ‘reduce  the SanAIGR WREENEFSTCREES Grav ratios comprhpEh eyl tho
fiber as- a normal2Xxonperenprefentesd draw ratids [romprigéngadriom mdpoutc|luded

therein,gs a componed®, afnd i1l more px@f@&%éaedréwbeacwé &&ﬁ;&bﬁélﬁ&eﬁﬁm
materlals aI’EIntheflbfl’ eve,

pr wi t.h
rut heni um st ai ni nd* 1.4%, "%qh Wre T al'i%' é’ccorﬁfﬁ& t‘grat “Tos
present invention a:;atmrlsmg abouhaﬂ-elSEiuttod@th AedB¥sar (The s, @d:lo is

average nelt flowd&témined by mélkGRihg RpQUlspdld ooBOQ%hig@@r rb'li@rthi%

melt flow rate of non- deqraded i nner_co t he ..
exanple, to compadrcftder"'l’ﬁ n'éh? h&P ﬁ'ﬁg | ow P& %n%f rﬂﬁge’ﬁoﬁvalégrwg‘ 5 tq’.e
i nner cabe 35 filagfenthels iprRAsinghe gng \disridipendbeaspeede aly udil serand
an !glert " rolalR4 lﬁgneaet sﬁmmﬂﬁ;w:—u&ettramﬁpger e) and/or be
rapidly qguenche So_as. t o, obt ai eqra

substantially non- X gi lE:"lse radgg FPber herhgrgggg{a e:"%qrr"lg,a tlﬂ"ov@j ‘flde

this fiber not nonwoven he?ﬁmadsS kinelastiags tthect ﬁ%betﬁ)uFGCPﬁ’éhn%etO the
determ ned- The present invention thermally bonded together. In particular,

20 by incorporating the fibers of the present invention into
nonwoven materials, the resulting nonwoven materials possess
exceptional cross-directional strength and softness. These
nonwoven materials can be used as at least one layer in
various products, including hygienic products, such as

25 sanitary napkins, incontinence products and diapers,
comprising at least one liquid absorbent layer and at least
one nonwoven material layer of the present invention and/or
incorporating fibers of the present invention thermally bonded

together. Further, the articles according to the present
30 invention can include at least ‘one liquid permeable or
impermeable layer. For example, a diaper incorporating a

nonwoven fabric of the present invention would include, as one
embodiment, an outermost impermeable or permeable layer, an
inner layer of the nonwoven material, and at least one
35 intermediate absorbent layer. Thus, the nonwoven material of
the invention can be used as the outer layer, which can be an
outer impermeable.layer but can also be permeable, and/or the
inner nonwoven material. Of course, a plurality of nonwoven
material layeré and absorbent layers can be incorporated in



WO 97/ 37065 - PCT/ US97/ 04470

- 31 - _ percent increase in nelt flowrate of the skin-core

fi ber can then be determ ned by subtracting the average nelt
flowrate of the non-degraded fiber (representing the nmelt flow
rate of WO 9737065 t he core) fromthe average nelt flow r RCPUSS 084 TR
skin-core 5 ~ fiber, dividing this 3 fference by the average nelt
flowrate : of the non-degraded fiber, and multiplying by 100. In

ot her rds thezel : ease. i | t. Fl ow) ..
Rato of Skin- CoPs A ge?p?’c? ) ‘é’ré NEFE[”@? [ %fﬁ{lgr]a‘?’f‘iﬁf&iégfr]“g Cfhrigns
Mel t Fl ow Rate @fipya-ions, and a pluigltyf nof outer permeable am@ferr]
= average nelt fhmrmeaitieof tlageski n-eane fbber, included fo2nd strength

MRl err] = melt_fl.0) e[]z%tth(?xfs.t he core 15 O course, the-
percent increase in e average nelt flow rate of the skin-core.

fi ber Sas conpared tdudtdese| tthe opppupeens of the pyegent chreentsdnd @apend
upon the characirgglivdd &S plfurlhet§KbB- layers, with GHeC 1Slewst BEEng THESthd he

skin-core structure onpris an a gradi.en on e.g., O
decr easi ng wei g?'#“ea\?%r%grge %8 dlﬁ?rent'rmlpé%ﬁ: S BTyt S&a%iagfgrgx{‘%‘?‘{]al |
surface of the ¥Mdaxde skin-core fihengeof the polwrexshrlfende ofohbe(presersf a

hi gh concentratjpsention. FoPf exam@akl verkdaindneiensobileghadegdresent .
' opyl ene as_conpare d the.lﬂner core,

pol ypr - to the inner._core).a

be ofPai nabl o | H{HE LoD gan. used ;?Voﬁ'gsg‘.ﬁ%f‘a?_%cﬂroéé‘dc?‘ﬁ)’}?%’a%‘o{?’é'? oPERET
Kozul | a pat ent sionayens, or in CombinatighowithorbleFuropeareracentilms.

Appl i cation Nﬁ 0 63fn%6ens accordingt®o Eﬁ:léehgeééeﬁ iazlve?tiézﬂ damecékﬁflisﬁpr e
structure, t | . npLises.the outer surface zone and t
gradi ent zone. elosé% q’y welgR&dftfi %ﬁglfjﬁgt%%?ee éclla%r?rﬁéo [ stglengf’ g'g?lér}glh%f’de
outer surface ©f the presenpfe ¥gndAonw Chiogenacgmpuieata sembizatidinscifosed

in Eggopean 30 these filBaleCRiitADRithed! it9pebOor0£688r996 Fer Takanshd, alhedl .

In ot her fibers\M:)Lgld hetgceugv?ov%an mb%e%'diséérgmncsfu%o l%g.%\éeen L€ f:.%rme
and out er Sl FaE e ToNe e MG o 6F oXTHatT Ve Char o8 8i B&Y%n

degr aded other polymers, such as polyolefins, polyesters, polyamides,
' polyvinyl acetates, polyvinyl alcchol and ethylene acrylic
acid copolymers. These other fibers can be made by the same
20 process or a different process, and can comprise the same or
different size and/or cross-sectional shape. For example, the
nonwovens can comprise a mixture of at least two different
types of fibers, with one of the fibers comprising skin-core
fibers formed from a polymeric bond curve enhancing agent,
25 ' preferably, an ethylene vinyl acetate copolymer/polypropylene
' blend and the other fibers comprising skin-core polypropylene
fibers and/or polymeric fibers not having a skin-core
structure, such as polypropylene fibers or sheath-core fibers
having different polymer materials in the sheath and core.
30 Thus, nonwovens of the present invention can comprise any
combination of the fibexrs of the present invention, either
alone or in combination with other fibers. As discussed
above, the nonwovens of the present invention can be prepared
at lighter basis weights while achieving structural properties
35 that are at least eguivalent to nonwovens having a heavier
bésis weight. _Further; the bonding curve of cross-directional
strength vs. temperature of the nonwovens is flatter whereby
- lower bonding températures can be used to achieve thermal
bonding: while achieving cross-directional strengths that



pol ypropyl ene) of the skin-core structure form ng two adj acent
di screte portions of the fiber, or there can be a gradient 35

bet ween the inner core and the outer surface zone. WO

97/ 37065 ' ' PCT/ US97/ 04470

- 32 - WO 97137065 Thus, the skin-core §4bers of the J‘é‘é’é’ﬁ’t”"“""

I nvention can have different physical characteristics.  For
exanpl e, the. average nelt flow rate of the skin-core fibers
having a usdaddyetreduicp héohern bondiogt 4emperatiereyone Thrdet Hower
core is 5 b%hxnal 'Qémgéssa&&ﬁ%tserfw@sat heoﬁeﬂb\id@wteat @h@f ddt®ness
pol ynmer . ' V\Q t he avera ow r £ _
skin-core assPFb%? t&EgPaaV%'ﬁ% Ebéﬁ/%é’@n ﬁep?) ﬁi’r‘?’%c@ 2GRE
-and the piragent cimeentsiagi.gni ficantly gr eater than the nelt flow
rate g of the pabyEhceaiPAS! beorkne MUk RECLIIAAI | Yaidfily dofPhhe
10 - flowrate of the polyner Dle dg/ m'n,” the average

melt flow rate of PRBAERY FWOf% 3PLYEF W“? h%'&t t&ngr%t%hté’rﬁ begfing curve to fhe
control | e(cji to gboyueﬂ Tcanlbedfga_/vﬁ?lnatéﬂl €bri ndnna‘tre&ls tgriduced from polifakens
sci ssion degradati e t

' ! 9 gggglg%n%gf 5 fﬂlgggl gF 80%&1?5&(35% EXd polym?ﬂlc btot?ﬁ QHL:@E

surface zone of th erage

melt flow rate for cBB3RFADE OREERE HPTHERHARG Ya ethylene vinyk eﬂﬁ%rﬁtel §°3rb’5‘8%’ |
20 to 50igdg/ M n. by determining bShiihgfeudveechavhiterisnticbeangser deférence
be bound to the ﬁoints alérf‘d %th' OPéH&Pnif Jajr(]'r% ggg}'&a Bgeéﬁmﬂfu% the arﬁa

pol ypropyl ene to t ner | curve enhancin
as ethyl ene vinyl 2y ¥reduced aé‘é?%t é‘@@b’ol%rbmf‘@lq% EBFH?ed“(‘}@tlnt I’Fé%e t A8t

pol yneric bond referenceupointanhanci ng agent nmay be dispersed thr ougho'ut_
the cross- - sggt EQQ:&’LuiQP faQeEah“bEh%efeBr 10y #sbr'% and the
di spersion : can be I'n W}/ manner, such honogenequs on-

honogenedusl y, thr BEGASRE tWEVEK| aﬁ&°§§r€1’6?c'%1r%‘afll bRy rengtdy 5 Versus

the fibrils appeartegpepasired chas sOngeneciBe, Ipa:biﬁd’lﬂd’leflﬁi@u’n.on with CDS
and ‘core.of the f'?ﬁ&rea51ng with temperature until a maximum CDS is reached,
' and thereafter decreasing with temperature. Thus, as
discussed above, if the bonding curve can be flattened, raised
20 and/or shifted to the left, it would be possible to thermally

bond the fibers at lower temperatures.

The set reference points according to the present
invention are related to the maximum CDS and its associated
temperature, the melting point of the fibers in the nonwoven

25 and the CDS at the melting point, and the CDS measured at
temperatures 10°C lower than these temperatures. More
épecifically, values to be utilized for determining the
flattening, raising and/or shifting to the left of peak of the
bonding curve can be determined utilizing a second order

30 regression quadratic fit to obtain a curve such as illustrated
in Fig. 8. including lower and upper limits of regression A
and B, respectively.

The quadratic £it should be conducted over a temperature
range which encompasses the melting point of the fiber, as

35 . determined by differential scanning calorimetry (melting
temperature or point D identified herein as T,) - for
approximately 6°C above the melting point to 15°C below the
melting point.



Mor e specifically; the pol yneric bond curve enhancing . agent,

such as ethylene vinyl acetate copolynmer, can be in the - form of
m crodomai ns in the dom nant phase, with these 30 m cr odomai ns _
having an el ongated appearance in the form of fibrils. . These
fibrils appea¥osmmeéve di nensions, which i ncl udecrEuss7didw0 of
about 0.005 to 0.02 [err]m and a length ef40 - about 0.1 [err]mor
'l onger . However, while fibrils can be _ present, such as when
the polyneric bond curye enh ncin en conpri ses ethyl ene
vinyl acetate copol ymere HPBSF?E"%E&%’ RSt detemme‘l by dhs eguation:
‘Accordingly, fibers according to the present i nvention may or
may not- have fibrils present thepgin.cr2 , o1 4+ ¢, The spun fiber

obtai ned in accordance with the present invention can be

conti nuous and/ or sﬁ?ﬁF@lnflber of a : WO 97/ 37065

PCT/ US97/ 04470 T = Bonding Temperature (e.g., &3lendar roll, air
nonocongonent or blconponeggm YPSyd preferably falls within a
deni er per filanment (d ran e of, about 0.5-30, or her © nore
preferably is no gr eaFBrs fh9ﬁ°%\%d%ﬁtre§tlé’ﬁalp$’é¥'%? fﬁgé\"’nwo"en Mategpimlit
0.5 and 3, nore prefegabt,yaallod = Loe@if2cbentsMidih Regression preferred dpf
bei ng about 1.5, 1.6, 1.7 and 1.9. In the rmulti-conponent
fiber, e.g.,g the biconponent type, such as a sheath-core
structure, the sheathl® ®agficular, the fojdowingapeintska¥e chikshnareduisa,
while the core elragens:woul d be of a conventional core el enent

3173 804, 4,234, 550r - rewperacyRh WE WERG {3, pinpib horiRery

4,818,587 and 4, 840, 846, endotherm maxigam, whichoie Rekifvied 5p bedhe peak
bi conponent fi ber need notmékting temperatwescfletheofibeeLs ££Wdéﬁ§rmﬁheﬁhby

houl 0 be gener al 1y corpat (b5 st scaphif S EOERROGY  (ANARHHRER'
the inner zone of the sheaPpint D conponent . Accordlngly, t he core

can copprise the samer, = Temperaﬂiiﬂeyrﬁfrix@g&&kemﬂlﬁaﬂﬁndnhe(—shﬁmn,, shgkhas
including the same is the temperature at which the bonding curve
- exhibits maximum cross-directional strength

(illustrated as point C)

Tm-20 = " Temperature at 10°C to the 1left of T,
20 | ' - {(illustrated as point H)
Tp-20 = | Temperature at 10°C to the 1left of T,
(il1lustrated as point G) ' '
T, Temperature at lower limit of regression
T. © Temperature at upper limit of regression
25 CDS, = Cross-directional strength at T, (illustrated
as point F)
CDS, = Cross-directional strength at T, (illustrated
' as point E)
CDSp.30 = Cross-directional strength at T,.,, (illustrated
30 as point J) : :
CDS;.;0 = Cross-directional strength at T,,, (illustrated '

_ ‘as point I)
CDhs, = Lower limit of regression, which is the cross-
directional strength at the lower 1limit of
35 _ regression (illustrated as point 2)



m xture of polypropyl ene and one or nore polyneric bond curve

enhanci ng agents, and possibly one or nore additional polyners 20 - as
included in the sheath, or can conprise other polyners or

pol ymer m xtures. For -exanple, both the core and the sheath can
cont ai n ‘pol X BFNAEne or a nixture of polypyopyl enes, PCT/USITO4TO; 1o

al one or in conbination wth any ot her conponents i ncl udi ng the
pol ynmeric bond curve enhanci ng agents, e.g., 25 et hyl ene vinyl

acetate pol yner and/ @psaddi ti opgpepqliyier6f regression, which Bl thercrddie

fibers of the present inventioq.c have a cr - seqgt.i qQnal
configuration, such as illust r‘g%%dc.llnorﬁ gsshelmngmh at t&‘%aﬁg-ﬁe%(g{ff‘&gucﬁ as

oval (Fig. 1(a)), circular (Fipegugssion (illustratedizgmmedntFBy. 1(c)),

. ?E' ta (1|(::c )91) 1( g)) ) ”dds(,?\agall-t-.' Ef@s&tﬁﬁ@ét&@nalistren%ﬁi Oof HtGJ)j)ne i'QQng?é}:fQ:DEd
ig. and concave delta (Fi C rein si.des a

the dePta are slightly concave'.(‘o .&SP which ﬁSePS&g%%’ﬁfc‘{%ﬁg Ff’bgsg @gﬁpﬁ’flfe a

circular or a concave delta of the bopding-sume dhlbestranadansorhe THRlue

cross-sectional shapes are = at point'®) linited to these exanples, and can
cr 055- sect 1 onal shap@ Sogristn at Y L epB FETE LEN 00T Y st rat ed
for the sane cross- M = Point alf r@Rg i-ofalandhdpes. Al so, the fibers can

i ncl udg hol | ow K = PBOhti BAPing Wlbrdnacbe! bV, f kharepghi ch can be
produced, for L = BSAIP! Kav Mid bR rdGnSE a8 oo 38 L O, s hlner et te.

- 34 - N = Pgint|havinchaoordinates aaf tTh-asand COS,

vi sual i zati on. of P = Point MEadiieioRbiihheepresent ahavensi on, Figs. 2-4
provi de schemgtic illustrations thereof. Thus, . Fig. 2
schematically . - © '@PWES?‘?‘QI%’S cé’°§%1ﬁ-a S?eoéi%an‘iowg%Sed of a

pol ymer blend 5 according to the present invention having a skin
conprisging ThRUEST 18Py $adldsaBah BEdBEral el BELE Ehd BhddngaNd -
a core curbe £of GetesnindgEEL A detebhyS A S0e7aRK) 8 O il

to the left: _
'C, = Percent of CDS, at T.ic = (CDS,.;,/CDS,) x 100
C, = Percent of CDS, at T,.,0 = (CDS,.,,/CDS,) x 100
20 C, = Percent of CDS, at T, = (CDS,/CDS,} x 100
aC, | |
AC, = G, of invention - C, of control

C, of invention - C, of control

AC, = C, of invention - C; of control

A, = Area under curve from T, to T,,, from CDS = 0,
25 which is calculated as the integrated area of
HJFD .
AP.' = Area under curve from T, to T,,, from CDS = O,
which is calculated as the integrated area of
GIEC '
30 A = Area under curve from T, to T, from CDS = O,

- . which is calculated ‘as the integrated area of
OAFD '
$A7, = (A, of inveption - A, of control)  x-  100%
- A, of control
35 _ $AA, = (A, of invention - A, of control) x 100%
A, of control _ _ :
%AA, = (A, of invention - A, of contro]l) x 100%

A, of control



conposed of a pol ymer blend according to the present invention

having a discrete step between the skin 4 and core 5. Fig. 10 4
schematically illustrates a biconponent sheath-core fiber .
conprising a sheath of a polynmer blend according to the -~ present
i nvention haWORJB7S skin-core structure. As ' PCTAIS®TIRETD at ed
the biconponent fiber includes an inner42 - bi conponent core
conmponent 6, which is different'fron1the 15 polyner bl end of the
sheat h, and reference meral s ' are si ar.to
reference numerals 1, 2"and’3 ﬁ%g&geg Eic;nfgrcglfzzfaffg%&? kal'ﬁ'g £5°™ he
present invention, the starting QDA SA Ld D hefre ab&ylhgg a
MFR of about 2 to 35 dg/ m nute, int@ghh ol e a
tenperatures within the range of 20 about 250[err]C to 325[err]C
preferabby 275[err] C t ® 320Fer R¢@aced area under curdéefxon d,ztagT,;, from
envi ronment can conprise air, 6B8ne,0, which is cak ednaan:her
conventional oxidizing enV|ronnent at a i &nk00%
tenperature, downstream of the spinnerettdntegrated arearipf tGéFEer ature and
oxi di zing conditions at, this | t Y
ensure {jpat suff|C|ent&%xygen ggg§ééﬁlJpé%gﬁgéer§§ZX§a %g %hfﬁmthe
fiber so as to effect oxidative chain SCISSIOH mnthln at least a
surface zone of the fiber to obtain . integrate@v@raefrelrpf | ow Labe of
the fiber of at |east about 15, : in2egr3fed Hreaxw oFOOHQDt 0 a maxi num
of about 70. 30 I Jigbegs i pG69r dance with the
pr esent ' [ nverllif'l on Bf”?é%%?t%%g me tést&i)l I'izer and/ or
-anti oxi dant can = b OfniRYRRIASH th Rehef SantFRdbl e conposi ti on.
The nel1s stalm,lq:zar ofinthhoentaitd oxiRjast dontpdf erably nmixed in a
total anmount with the pol yner bl end to be made into a fiber in
an 35 ' anount rangi fron1§bout 0.005-2.0 melg % % of th ®
ext rudabl e IBn5BEi EXBRP1ET PR thE W%ﬁﬁ?ﬁ‘? aPB Scitb%velﬁ’rﬂm%l%
nor e p@l@nalilfycamphﬁ)nQOSd:ftmﬁe 1- vigexgitorfo 4 Suc h{sitahinedz efrom
and . ant a | 1 §gy¥ lyde
phenyl phosphi t es, Ji%éﬁq %E§Eﬁ5§%5 er? 168 (avallaz)lggénrj%%awé3 et
VWO 97/ 37065 qua ratlc {(or curvilinear) rengF/%SQ?PGMFR) obtain the
20 Coefficients of Regression. The SigmaPlot™ Scientific

Graphing Software User’s Manual for IBM®PC and Compatibles,
" Version 4.0, Decémbér 1989, and the Supplement to the Userxr’s
Manual Version 4.1, January 1991, which are incorporated
herein by reference in their entirety,'describe the use of the

25 software. 1In particuiar, in the User’'s Manual for IBM®PC and
Compatibles, at pages 4-164 to 4-166, information is provided
about regression options' A regression order of 2 is used and
data is regressed through data only from the mlnlmum to the
maximam values listed in Table 9.

30 . The quadratic fit should be obtained for at least seven
or more points over the temperature range. The regression
coefficient should be at least about 0.5, and is preferably
above about 0.6. In the examples herein, the average is about
0.8. _

35 The normal equatibns, by the method of least sguares, can
also be found in Fundamental Concepts in the Design' of
Experiments” by Hicks, CBS College Publishing, NY, 1982, at
pages 130-136 for linear regression and pages 137-139 for
curvilineaxr regression. The regression coefficient is the

40 : square root of the coefficient of determination, which is the



- 35 - Ceigy Corp.), ULTRANOX[err] 626 or ULTRANOX[ err] 641

(avail able from CGeneral Electric Co. ), and SANDOSTAB[err] P-EPQ
(avai l able from Sandoz Chemical Co.); and hindered phenolics,

such as | RGANOXf err ' 1076 (avai l abl'e from G ba Gellgg Cor '
The stabili 2P 94H8%r anti oxi dant can be added to the 97 ?rudabl e
conposition in any manner to provide the désired _ concentration.

In particular, it is noted that the materials _ may contain

addi tives from t be, SUNDldebs tEQrtcﬁ%%@.”mLﬂt JdtN8quares that d¥l MR @R¥bEAGed as
~supplied, can contain aa out 75 | RGANOX[ err] 1076, and the

ELVAX[ err] resin&o¥ & d Iregc’feggéﬂncont ai n -0 to 1000 ppm of
but yl at ed hydr oxyt ol ReneindBidBredr abover T. is determiuebiudizgy slifferential

Optionally, pigr aax%mr?ddgalamééﬁmw@c@' Oxhqepaft'lcular a DupdHPPBatsSabPgt 0

~about 2 wei ght - ant acl such ags cal ]C.I um 1 fearate I n_anount s

rangin@ from abo itkerentdad SRATHNGS stinster medi s é(ﬂltg aj DupgRyy Thermal
rangi ng from 0. OAn2l ¥stWdAgRD 0O wamdised to make titehewasetémdmawn adebdt i vks

can be included E&nﬁg&eaédﬁerwag émbrated us:.ngpra%sefﬂdld?nveé'gdrfﬁ%rd The

Addi tionally, the use gnerlc bond_curve enhanC|ng
such as et hyl enel’W"rﬁHmeé’(’}ef"ﬁ el o [RENFFBL s OPe TRy are describeqd é?pé?“ﬁt H?%
extrusi on processeso (Qpezater’'samZA)[ publ Bhed1993 by TA Instesuientsp 109

pressyre bui | d- uguﬁéﬁélqgh%s RBWPEL {y, q_;,g 1MYE8G . filters and/ or

downstream spinnerette filters. To this end rocessj ng. ai ds
designed to prevent " iWEAER HachefaFeASHemERt, the flgﬁFyEf’WFeh@n‘iiﬁd
~extrusion dies, sochl|gsi chéi stapyet Edbercads cut into e usedlémgyhevand

or reduce pressulsfe@ﬂé%%lgmah (88 %&hnearest 0.01 gy LeNap¥LeYS agemte
copol yners rangi ng‘rf rom % in acet at e cgnt ent.” Such

process ai ds ar e2HiNN SgpRle RAnS on a Perk”brgéﬂ? e €c0aPS% he
net al igarts of téeamxtanesmade3dt heating emmepneﬁtzo%c g:e,r emhmmdef;:oqmm&mg

filters and spi n@&ﬁé{%f&ure (about, -S88¢) | @ﬁy%ou%o é&tﬁb t heyRgly Id,p bﬁmd

curve enhancing a qg?e g | ene vin it ate copol Q
does not build u‘fF sec) is plotgeg,v ||$‘%I?%er§ﬁ&F6r c'%/ﬁﬁ Figg P r&'fm
pressure buil d-ups.the fiber sampdeseraeptaken hes prhscmmudsveéneson@rtlse
Viton[err] Free &Mrﬁ'&:‘:ﬂl@p%iks For Caugbhab! Ghéfé’”%ﬁl'PQE‘&n DoME1udes _a

T S ol D s U (8 g b acterniagit e, BT ShLdy
- Paul, MN). Prefetapparattire peekeef the scan. aid conprises Dynamar[err]
;FX5920A used in conbifatdYaWhtltive DSC curve of Heat Flow (mcal/sec) vs.:
' Temperature (°C) is illustrated in Fig. 9. More specifically,
'the DSC endotherm shows a peak at about 163°C for a 3.24 mg.
25 - sample of Example 45. |
As illustrated in Fig. 8, T, is to the left of T, because
the DSC melting point is lower for this illustrative example
than the temperature at the peak cross-directional strength.
However, this is for illustrative purposes only, and T, can be
30 to the right of T,, or T, can be equal to T,. | _
As will be discussed in the examples, C,, C,, C,, the
minimum temperature of regression, the maximum temperature and
the regression coefficient are set forth for the examples in
Table 9. In most instances in the examples, T, is
35 approximately 163°C, whereby approximately 6°C above the DSC
melting point is about 169°C, and approximately 15°C below the
DSC melting point is about 148°C. Accordingly, the lowexr and
upper limits of regression for the quadratic fit have been
~ determined utilizing 148°C and 1695C, respectively, for most



WO 97/ 37065 | © PCT/ US97/ 04470

- 36 - : ~ et hyl ene vinyl acetate copolyner as-the polyneric bond
curve enhanci ng agent. : vari ous types of finishes
i ncluding spin finishes and over finishes can be applied to the
fibers or incWPI#P®e2d 5 into the pol ymer bl end topﬁggﬁﬁmMﬂﬂe
wettability and static propertre§ of the fibers. For exanple,
wetting agents, such -as disclosed in U S Pat. No. 4,578, 414,

incorporated by ¢ ¢pe examlsﬁéyeae@eb&re'ag sRatly e e&é.!pe&gw%pon the

utilized with the bers_of t'he resent I nvent | on
further, hydrophddic meFting poingqff dh&s l?ﬁ(’fh qEhex kAW @nAnupPeY bhpbe
No. 4,938, 832, of regressumowpnlathel mlr:m‘eer ence herein inits entirety,

can also be % 'flhég ¢b Pﬁé;b ehli IV ERYUn |A%CRIL8 be
Al'so, the |n| s es can era onpri

hydr oph&bi c Preferapéart 53?%%%&18 &yt ¥pgious agaram%@rreseallr-ﬁmw e
Patent 15 alAp imtedonebnin®Bogyy 8, 490, filed Cctober 9, 1996, which
S - incorpo d rgace i it [ M Xt ur.es t hes
esters are avail abl e fﬁ%l% H‘grcu?qaﬂ\p n(‘:or be rpa:teégfgg ‘%tn)élf) i 2180 alreCteCF

Del aware, as HER@@BEPeFPfeMReeFm@WIYS%ermt%rﬂele&m%s is greater

_LECI udi n?([ HER]CC];OU,?E{Ier rt]éla;ct UERCE_UEEEAv\ﬂﬁfe]n Frnab&RCEL UBctuicled20@ndafd 2éhe
RCOF err n rem on

Nort h rolina as cf_ err? ggg’?‘é%%iﬁﬁ%[gg‘%?] %ﬁ“ﬁﬁ&&?f ?‘TS

and LUROL[ err] Prmtsgabsence of the POl&GmTtlporhﬂndccﬁW?erﬂ@mqﬁe agent.

i ncluded in the potef@fably, the %8AD!BNdiddreidedCbypaopemnbeessefiedtes fRay -
For exanple, 25

which provide  the groupa%%glgsgtﬁgﬁgg abﬁe I ncL %’?d'ﬁ:l 3 thet pfe%%eﬁbbl E”ﬂs%

al koxyl at ed at leasftatabputni2fE, opti bﬁa$¢ yabqvtc@r?br:nat’—r éﬁaﬁﬁ-thbwlli e%,
1;3 ag % %q;,lz d at lead¥ @%ou&sﬁd%sﬁﬁd)séiﬂ 1té>addaabbﬂgtmfu S. Patent No.

) ) ) ' IS _here or por at [ e er EII’II'[S
entirety. 30 émlﬁ "9*§ §F§ rggerrgfﬂe ﬁqf ’%/h [ er of ?ﬁe

pr esent "which is greater than that of - a nonwoven material produced

under same conditions from flbers produced under same
‘conditions except for absence of the polymeric bond curve

20 enhancing agent. Even still more preferably, the fiber has
a %AA,, a %AA, and a %AA, which is greater than that of a
nonwoven material produced under same conditions from fibers
produced under same conditions except for absence of the

_ polymeric bond curve enhancing agent.

25 _ The present invention is also directed to skin-core fiber
containing polypropylene and polymeric bond curve enhancing
agent which when processed into a nonwoven material by thermal
bonding obtains for the nonwoven material at least one of a
'c; of at least about 60%, more preferably at least about 75%,

30 and even more preferably at least about 90%; a Cp of at least
about:75%, and preferably at least about 90%; a C, of at least
about 50%, more preferably at least about 70%, and even more
preferably at least about 90%; a R; of at least about 55%,
preferably at least about 70%, more preferably at least about

a5 - 80%, still more preferably at least about 85%, still more

- preferably at least about %0%, and even more preferably at
1east about 95%; and a R, of at least about 90%.

The present invention is also directed to a skin-core

fiber containing polypropylene and polymeric bond curve



i nvention have a tenacity |ess than about 4 g/denier, and a

fiber elongation of at |east about 50% and nore preferably a
tenacity |l ess than about 2.5 g/denier, and a fiber el ongation of
at | east about 200% and even nore pr ef erably 35 a tenacit | ess
than about 2 gV@EWP®ES and an el ongation of at Ie5§?"’§%7y6'd17°250%
as neasured on individual fibers using: - 45 - a Faf egraph I nstrunent,
Model T or Mbdel M from Text echno, Inc., which is designed

to measure fiber tné gggnt whlch whe$! i2Rg WMd haa fFidher ¢asgea

Lg??bgggjozgggt 1_%Ex§§2é%n materlal by thermal bondgzg %éggans for the nonwoven

extension rate of akmeri200%tri defaveoage af a0 R.beds at least abewted000,
Fiber tenacity is &Ezf f@?ﬁb@? % 43{ 2akiBgr FOIGE even more ﬁe‘féggglpya(%q%ast

deni er of the fibe ongation IS fined as t
el ongatioh to breaI@bOUG 6000 and everfh'é°¥? @?%feaabéweabréeﬁ'i IbRHNtI0 ic 2R

~be-drawn under of atanieass @bawtcasdo}i prsferalilypraf crealty avcmtdzHm0,
at ratios L rr r ti [
about 1t \%5‘ a‘?ﬁyé %rggeé er e%gdﬁg\%vgﬁatﬁgché;r&p({o?m%d gg{l %JOQQ

2X, more preferred REeHRTARY Yo§tcsﬁﬁPFsPH‘@“‘F roMR SRR an fp 9 at leaSt1 36’2“"-
and still nore prefzsrdoed plfefi¥rabdlyoaboatps060 ngebemwnmore preferaaﬂQUtatl IIert

1. 4%, wi i ficall f
T 15% toMont 1 ekt PE6OCIERN ROAL flidinly at jeast CEHEC 3bBY, MRk even

the speed of a firdwoneoprefesably at leas’:cé‘ﬁ’ﬁ’&'r:e%lo?%ot he speed of a second
roller over which the 15‘he preseht| afAvBhticn piSSalep dirbatied diong tdkdrspesd

of the second fiber A%ﬁ?iéﬂ@f”ﬂ%x§g§8§¥9£néhSn% ES$°&9kE§EC bond oven e

As di scussed above t he
materi al s i ncl udi n@rmaecwse?gera%c&rreﬁﬁgabmﬁ'éhylene VlnYlp?‘é%‘eﬁﬁe |Rﬂ}é’|‘ﬂeF§m

thermal | ysbonded t agrt pelypidpylaniei and athe Pdlymeric boydi anorepenhthoing gyent
fibers of the pr esebe:.ngmfg%égrﬁﬂtrg ®he skin-core fiber under fiber process:mg
conditions, and the skin-core fiber when processed into a

thermally bonded nonwoven material under nonwoven processing

conditions obtains, with respect to a nonwoven material

20 . produced under the same nonwoven processing conditions from
fiber produced under the same fiber processing conditions but

not containing the polymeric bond curve enhancing agent, at

least one of a AC, of at least about 3%, preferably at least

- about 10%, more preferably at least about 20%, still more

25 preferably at least about 30%, still more preferabiy at least
about 40%, still more preferably at least about 50%, and even

more preferably at least about 60%; a AC, of at least about

3%, preferably at least about 10%, more preferably at least

about 20%, still more preferably at least about 30%, still

30 more preferably'at least about 40%, still more preferably at
| least about 50%, and even more preferably at least about 60%;

. a %ARA, of at least about 3%, preferably at least about 10%,

more preferably at least about 20%, still more preferably at

least about 30%, and even more preferably at least about 40%;

35 a %AA, as discussed above; a AR, of 'at least about 3%,
preferably at least about 10%, more preferably at least about

20%, still more preferably at least about 25%, and even more

preferably at least about 30%; and a AR, of at least about 3%,

preferably at least about 10%, more preferably at least about



nonwov'en materials, the resulting nonwoven materials possess
exceptional cross-directional strength and softness. These

nonwoven materials can be used as at |east one layer in vari ous
products, including hygienic products, such as 25 sanitary.
napki ns, iwoemsmeence products ‘and diapers, PCTYURN7I084700 at

| east one liquid absorbent |ayer and at' |easd - one nonwoven
material |ayer of the present invention and/or incorporating
fibers of the present invention thermal|y bonde get her.
Further, the art?B¥esskdddr HPKG PGeFﬁéahfﬁséﬁtlgest ab°Ut|39éntF5h1&aW°re
include at | easprepeeablyjuatl pessteadbantor3s%, and evennuereepredelrapy. at
For exanple, a diapgt pating a- : nonwoven fabric of the
present invention moul I ncl ude, as on enbodi nent, an out er nost

i nper meabl e or per neadF C3HYRE  seap from the dakmePTes8Rieh A (RN GHREPARS
nmateria , and atbé®esi fmmmﬁﬁily bondeldnhehwedenat watdsicrlize nindlaydhg fibess

the nonwoven mat S%é&LdBIg to the pre%é}xet LAYERL ofbacl’élﬁeaﬂggﬂx@é ¢ yaihes

| ayer, which can mper nea can
per meabl e, and/ ofhafeare high. A‘F%"ﬂ?&%\}&nv‘éhe RS VR Pestcfd'tﬁ@erﬁ'allY
plurality of nonpeN€ed nonwoven Nmitdiidlld apecduceed ahsdoBeny |wheer £ibapsbe

Lg%?bgg;?gjj?bn according to thg\op%Zé&ZQG?nvention are 3§ef_tatively high afhe

di aperl0 (or ot ARMPAFGH &1l cTOpYeYRR t paterialapradiced  under the same
orientations, apenditpiotsaleirby Bifbedut alsPpesrenkea @dEOthe same conditions

inperneable | a.%&‘{ Swithéie tlpe I.Polgﬂw(élrligegﬁndf Qlirve 3 }E@?ﬁ?ﬁeagent of the

consi derati ons. e nonwovens o re
invention can present IipNephiena pl THus A t fhef noayeyen ﬂPFﬁrﬂﬁésléVEr§he
being of the present FAmtibhetsn We ddfigedntusihgrameronaneif ahe ohlbbe

Loeas et cesprindd HUARS KU GRS bR s BBecRE YIRle! e of the

prese hven NONWOVens
present 10 i nErepAndingG o7 G@@dabwfﬁhe#%eﬁ/é?ttﬂd |t|1i1560|ffﬁpﬁ§§| Sﬁ #hen

ot her present invention which are thermally bonded into nonwoven
materials provide resulting nonwoven materials that can have
significantly higher strength properties than nonwoven

20 _ materials produced under the same conditions but without the
preéence of polymeric bond curve enhancing agents. Thus;

- where all fiber production characteristics are the same,
including each fiber forming step, and all nonwoven material
production characteristics are the sarﬁe, including all

_25' ' nonwoven material prodﬁcing steps, the resulting nonwoven
material which includes the fibers of the present invention

has higher strength characteristics compared to the nonwoven

material which does not include fibers according to the

present invention. :

30 For example, in a preferred embodz.ment of the invention
whexrein staple fibers are subjected to carding and bonding to

“form a thermally bonded nonwoven,  all fiber forming, and

carding and bonding operations for the fibers of the invention

which include polypropylene and polymeric bond curve enhancing

35 agent would be the same as that for the comparative fibers
' which contain polypropylene but not polymeric bond curve
enhancing agent. In .particular, the fiber processing would
be conducted at the same spinning, crimping and cutting'
 conditions to obtain staple fibers having the same -or



nonwovens, or in conbination with other nonwovens or fil ms.

“Nonwovens according to the present inventi.on can conprise - 100%
by wei ght of the skin-core fibers of the polymer blend of the
pr esent inv LI can conprise a combination of 15 doRfasse f 1 Ders
with other types n? fibers. For exanple,_the_ _ fl%rers In the
‘nonwoven material can include fibers made from ot her pol yners,
such as pol yol efins, polyesters, polyan des, _ pol yvi nyl acet ates,

pol yvi nyl al cohobubsthast inlllgnéhacsathe Genier, draw ratid sopotyomsr-sectiessl
other Tibers cangheodBdandyohif &HRréllce would BEOLPIheOboRipdbl (AL the

process, and can c rise the sane different size and

cross-sectional Eﬁé}i@erFB}e’é@a\‘rHJelzq%em the spinnigg, QpPeratign: cBﬁ‘BrFQéS
- m xture of at Ieasﬁ\pbs\otﬁbﬁfeband only be difpesemf imbehe imdlusien 0bf

the fihers conpr %ﬁ%ﬁﬁg'ﬁdﬁ%BEurve enhanc Pbgééné ﬁ“%ﬁgzren sRQEXHeﬁégd

bond curve enhan vi nyl -acetate
copol ymer / pol ypré‘ﬁy g the fiber a%PéﬁHn%rﬁ? the B’c’??éﬁntf FLB’é?%t’cRﬂTpM@irﬁgs'
ski n-core polyprenyl eagposition foxf ifbemingntherciparariive Fhiberswbaldhavt ng

a skin-core contalétgfdi%gﬁ‘ic S c?:?v@oéﬁﬂ&{%ﬁ’é%eﬁ{ ber,ls[} e, s, poted

sheat h-core fi be er ent mat erial s |n
sheath and core. @Bgve. the fppped %M(ﬁ/éH?er‘"‘?‘H‘éi BresSehi e¢tRk HO GFi‘ec&ﬁme
conpriige any card:.ng aminsdﬁmtmgnceﬁditlstBoﬁs bers of the present invention,

i ther _ 194 i@ 98”’%&%’5‘ Oéila‘@." Ot;ikf‘cfa IdeR8ES o f’fbers and
di scussed nonwovens present |nvent|o n>be
~ prepar ed nonW%‘ferr% gwéer %%.@%.@ﬂdéth? el%lé‘lﬂdé\ﬂaﬁgdst Fbermmll
properties 35 ©be octhalions ewaérémsthequxal@d eddmd OcHrOIE\GEIES WY | gt abe
heavi er QQ% t bonging ve .of
Cross- dlrectlona?xggéi§ "9 duEH%%T t%ﬁ%&éragure 0 theghon rsgﬁESlng

flatté® whereby Con51derat34°6°ﬁer Bé)rﬁﬂ“rhg QEsAFAPRE ure Candidigaedsheuldmbeve
t her mal ma Detlin@ i bRode e \Horgiblesso daditidveondlatsisengt Bsfébmat
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- 39 - the T ﬁofdrlé:&alnre hi gher bondi ng tenperatures. These

| ower

EXAMPLES

The invention is illustrated in the following non-
20 _ limiting examples, which are provided for the purpose of
representation, and are not to be construed as limiting the
scope of the invention. | All parts and peicentages'in the

examples are by weight unless indicated otherwise.
~ Fibers and fabr1cs, including those of the present
25 invention, were prepared using polymers identified as A-S in
the following Table 1, and having the properties indicated
therein. Polymers A-D are linear isotactic polypropylene
homopolymers obtained from Montell USA Inc., Wilmington,
~ Delaware, polymers E, F, K, M and P are ethylene vinyl acetate
30 copolymers ELVAX®250, ELVAX®150, ELVAX®3180, ELVAX®750 and
ELVAX®3124, respectively, and polymer G is an
ethylene/vinylacetate/acid' terpolymer ELVAX®4260, each of
whlch is obtained from Dupont Company, Wilmington, Delaware,
_ hav1ng weight percent of vinyl acetate in the polymers, as
35 stated in Table 1.  Polymers H-J are polyethylenes
. Aspun™e835A, INSITE™XUS58200.03 (apparently now 8803), and
INSITE™XU58200.02, respectively, obtained from Dow Chemical
Company, Midland, Michigan. Polymer L is NUCREL®925 obtained



bond| ng tenperatures further contribute to the softness
associ ated with the nonwovens using the polynmer blend of the

present invention. 5 _The flattening of the bonding curve,
raising of the bondi ng curve and/or the shifting of the bonding
curve to the WO97/37065 | eft can be eval uated for nonwovens RSTEHATUA7 r om
pol yners contai ning a blend of pof¥pfopyl ene and pol yneric bond
curve enhanC|ng agent, preferably ethylene vinyl acetate

pol ymer, 10 di ha ety

ref erence £xB o] nﬁé al o&gpgﬁ% bg’% ﬁl%g%?ﬁve%ﬁéﬁgké t%e“re% ni n
the area ELVALOY 2M, cbfadred fd-’r‘hﬂ‘ePuPﬂ’ét HesTTeRaRY - c‘ﬁ%%r&ﬁttaﬁll nD?W%Y@c
reference points. polymer 0. is KRATONRGI7s0 aalb;taaﬁedarfﬂw\ sshalln didéficad
and 6, the 15 di e (]S | r t (Ngg

ver sus t?m QB?& %fgtégﬁ&lj 'fggxeafn\sreraS‘TéL }Frp'ger ab &r?gié?c?n}} W t%)n

i ncreasig with tglfﬁb@Tlat Bfe ¥ndi 1P Xﬁﬁ&%m"}éﬁsmﬁreéﬁmd North Sea

t hereafter decreggkggwdbdd h sd\mmmeaabuma and Mixth 88a 0il obtamﬁigsaﬂﬁzssed

above, if the bondi cutfve Aan

shifted to the Ie’f“flgg g’li ?%&E oss bt#gn‘fgg thﬁr%ggﬁ"g‘m’ N.g. %&ggtﬁe
fibers at |ower t@ﬁﬁé?at%i'éée N5 -, with theTH"éf1°§et5 rh?f‘@ﬂsncé peltgve
according to thevipsessity of 60 (ava:llrh\lﬂlét if¢dmARe1 i ed at Bshd 10 dd1e8I09i, MiKe

CDS and jts- assoc' ed . ture, th |.ting p of _the

fi bersd* t he nonvﬁ%en 2%5 having gpﬁ& a%‘ ??lgetr?é |ng4c§pgorft a%ﬁd tlhﬁe
CDS neasured at Ppolyester @@m@%mﬁ@spcﬂmeéhw]l@elbmphﬁm%é@eung an
t enperatures. Miteinsic viscos$PRCoEl c@lly, ‘ﬂ@z'eUQéi:éBllb.QeH't |Llée?d3d1§ ort:he

determ ning the flattenin Ia| shiftin he
of peak of the Phosphite bSEELﬁgléu’?vékghﬁbg 1@; g{r'ﬁam ufFPP2i r?';b o 84y
second order 30 Corp..rTarestiwh dgwiterke the BBtagidiis ccakginm StEprase

illustraged from wlr&cEI CorporaBebHdli r@&ele%aicnnd coppeeticwit S ahd the
regression A The 1(;1auadr ati | C'

ectl.yv
fit should be conﬁu%'f‘%'at rquztogb%ellpgtd ?ggm Ampacet Corperati@hc
enconpasses the nﬁﬁvlﬁgrlpm nt of the fiber, as 35 - determ ned by
differential scanni nginCeldExERbLYS, (ﬂ@étm&g:en polypropi'ﬁéw aztay Q:on@_lialn

2O Dot HEppehe SrciorsiEfe)ind vy spgine oAUPLBLITLELY o
poi nt. 20 1000 ppm of butylated- hydroxytoluene (BHT), the Dow 6835
- : polyethylene may contain 1000 ppm of IRGAFOS®168, and the Dow
XUS8200.03 and XU58200.02 polyethylenes may contain 1000 ppm

of SANDOTAB®P-EPQ, and are made with INSITE™ technology.
Fibers were individually prepared using a two step
25 process. In the first step, polymer compositions were
preparéed by tumble mixing linear isotactic polypropylene flake
identified as "A" to "D" in Table 1, with one or more of
'polymers "E" to "S" to form the polymer compositions listed
in Table 2, except for the control examples wherein polymers

30 ' *E" and "S" were not added.

In addition to containing the polypropylene, either alone
or in combination with other polymers, as set forth in Table
2, the compositions also contained, in amounts denoted in the
Table, - from 0 to S00 ppm of a phosphite stabilizer,
35 ' 'IRGAFOS®168, obtained from Ciba-Geiqgy, calcium stearate
obtained from Witco as an antacid, and Ti0O, cbtained from
" Ampacet as a pigment. Primary' antioxidants, such as
IRGANOX®1076 and/or BHT are also included in the compositions,



WO 97/ 37065 : : : PCT/ US97/ 04470

40 - The quadratic fit is determ ned by the equatlon

= derr]Tlerr] + Cerr]T + (err] vvhereln
‘T = Bonding ure (e.g., calendar roll, air T/US97/0447
‘'t enper at ur e) &8@9&{0% : CDS = Cross-Dirggtional Strengtﬁ m?g Non\?\oven
Mat eri al ' Cerr] Jerr] and err] = Coefficients of
Regr essi on In particular, the followi ng points are
illustrated in because thieg.pdlymbds include them d$ edmn} profespeshippéng
of differential galorinmetry endot her m
maxi num which is- %Qﬁkggédé%o be t-he peak

tenperature of the fibeR&tes HT@P@FWﬂe‘EP%)@mP“ltmn' the °°“‘p°s"tl°n ¢ Lhen
differential scannplgnkatedi wethy riiitdogehs atteéitad to melt the composition,

' D) 15
FOICP;V " % /5 Cerr]), e%ﬁru%ed a[n%r ELun 1-5‘?:@)@5.9&‘1{5 %& E?ﬂégﬁes 'd%g}:g?ﬁi“w.qectloﬁ

the bonding curve fibers at a melt temperatayyg Eﬁt§b°“¢n%§°nﬁﬁl315 C, i.e.,
cross-directional hl§hé§ﬂgtbmperature of the compositidh uptiat edoarxaiustion

o) 0 .
A ere] 20 - entbBbh) che. EPIRARALLCE, BLind OLRL LEoclfs LBRaitelhe gha
Tlerr] = Tenper spdraerattes opetr fertho in h'EabJr%Eft3 gnd §errThe melt is

I(i | uslt_rlad ed ?s POieRtrimed through 675, 782,T[¥eE| or 3125 Hel@eiminiietettes at
ower imt o regre S|on [err {

upper limt of reg Eﬁges of 762 to 122%&$§ éks per. mldgigpgég$f%ﬁ%f% sgﬁn
strength at T[err] Yéllrhl ubwhtea about 2.2 to 4.5 denler per fijamemitnt (@) 4 to

CDS[ err] )= Cr 0ss- @i I Qnal Thé r €k ahréh@lidedi bhutheatqtench box are

as point E rel, = Crass- ti reng t

Tlerr] (i Il ust raFéBO?‘f)d to ngt)%LE allnb:.ent a:& qga E’xgﬁ 89@% }glo% mt% 10 to
15 25 millimeters of the quench nearesc the spinnerette blocked

off from the cross blow area to delay the quenching step,
except for Example 72 which is not a skin-core fiber.
Standard winding equipment (available from Leesona and/or
Bouligny) were used to wihd the filaments onto bobbins.
20 The spinnerette descriptions are listed in Table 8, and
one having ordinary skill in the art would be able to design
" such spinnerettes having the information including the number
.of holes, fiber shape,'equivalent diameter (D) which in the
case of a round cross-section would be the diameter, capillary
25 : length (L), entrance angle(8), counterbore diameter (B), holes
' per square inch, and length and width of the surface covered
by the capillaries listed therein. However, to further assist
in reviewing Table 8; Fig. 10 illustrating spinnerettes 1, 2,
6 and 7; Figs. lla-11lc illustrating spinnerette 3; Figs. 12a
30 . and 12b illustrating spinnerette 4; and Figs. 13a and 13b
illusﬁrating spinnerette 5 are included. Dimensions
illustrated in Figs. 11-13, unless otherwise stated, are in
millimeters.
In the second step, the resulting continuous filaments
35 were collectively drawn using a mechanical draw ratio of from
' 1.34 to 1.90X and quintet or septet roll temperature
conditions of 40 to 75°C and 100 to 120°C, generaily. The
drawn tow is crimped at about 18 to 38 crimps per inch (70 to
149 crimps per 10 cm) ﬁsing a stﬁffer box with steam or air.



-CDS[err] = Cross-directional strength at T[err] (illustrated

as point 1) cbS[err] = . Lower Iimt of regression,
which is the cross- directional strength at the -
lower linmt of 35 _ . regression (illustrated as point
A) WO 97/37065\\D 97/ 37065 = . - PCT/US97/04470

- PCT/ US97/ 04470 _ - 50 - ' - 41 -
CDS[err] = Upper limt of regression, which is the cross-

directional strength at the er, Limt_.of. . - e
regression (ill %él%ﬁg?e&ag ﬁggﬁt (gpe spinning, drawing aigkerimping), the
Cr oss-di rect.i ondiberr dagednted aithna fimiggnmixBure (0.2 to 0.9 % by weight

t? EES[Errg_WhiQBnﬁ%hPQFPQESEEglngé&kﬁﬁﬁff%gin%XE&nish-systems were used.
of the bonding curve,(illussrated as the value ' : |

2t poinc Ky o 1e Bubleh b Beios hon iy GiGaaareg fageyapig ester and
M = Pdint at CD8n=etheopylatedr plcglgpl phosphate (from Recrd®iMmt Ghalsoon Co.,

coordi nates .of Therr] MBAdoEPNEFEN Carolina, under the hadre ALY MBYINAG) ;
.coordi nat es of

: Tlergl]. . and CDS[err] N = Point_havin

coor di nat es of 'I‘[’ir_%\]ﬁnéﬁg g(IDBS[g‘L’F?I PP5666/PP5667 (fromSeoxqp f- @H%&
coordi nates of Tpesr [ngnd Ub8keer | North Carolina) in tHe <iRmtntartdn\derpnd
coordi nates of Tkepk]adnshiePShar bler £fhishes, respectiveiybe(E?lﬁfﬂléﬂg“Z"

val ues can be determned fromthe bopndin ) carve tor _
det orHl ni ng it SPPRFLEIRRG: TaFRERgOAnty BRESHED! MRYShE OF Mu DXy ¥ (drem
l'eft: Osi Specialli@s,] IncPer¥entrads COB[ernfi atpdfterby weight of
(o0 11} o b0 peom caceg o contoa 1. ~ ol n TRt
of CDS[err] o PREPHAS FOBBELHTSCHYeR pF)a Frig inish and Turdy ST tron
[err]C[err] = CpBeprpeol.i@vebhstam Co (] dmd. ,oMoovaér oforth Carolina in the
lerrlgerr] = ChgbbhaObtiPVeatd® bve A BiHilehQf cEORES OFinish mwe comprising
- about 2 parts by weight of Lurol PP-6766 and 1 part by weight
‘of Lurol ASY from'George A. Goulston Co., Inc., Monroe, North
Carolina (with about 97 parts by weight of water used to
dilute these to a 3% concentration and including a wminor
20 percentage (1%) of Nuosept 95 from Nuodex Inc. division of
HULS America Inc., Piscataway, N.J., as a biocide) in the
first step as a spin finish, and Lurol ASY from George A.
Goulston Co., Inc., Monroe, North Carolina in the second step
as an over finish. Finishes X and Y render the fiber
25 . hydrophilic and wettable. Finish Z and W render_the fiber
hydrophobic and allow the fabric to repel water and agueous
liquids.
The crimped fiber is cuﬁ.to'staple of about 1.5 inches
(38 mm) length. S
© 30 Fibers of each blend composition are then carded into
conventional fiber webs at 250 feet per minute (76 m/min)
using equipment and procedures as discussed in Legare, R. J.,
1986 TAPPI Synthetic Fibers for Wet System and Thermal Bonding
-Applications, Boston ?ark Plaza Hotel & Towers, Boston Mass.
35 " Oct 9-10, 1986, "Thermal Bonding of Polypropylene Fibers in
Nonwovens", pages 1-13, 57-71 and attached Tables and Figures.
The Webmaster® randomizers described in the TAPPI article were
not used. This article is incorporated herein in its

entirety, by reference thereto.



[err]Cferr] = (Jerr] of inventidn - Cerr] of control
Alerr] = Area under curve fromT[err] to T[err] from CDS =0, 25
which is calculated as the integrated area of

- HIFD Alerr] = Area under curve from %@f@%”}tb%gﬂerr]

from CDS = 0 WO97/37065 _waich is cal cul at

I nt egr at ed area of d EC 30

Alerr] = Area under curve fromT[err] to T[err] fromCDS = O,

whi ch is cal cul at ed aspeberi 84ELY attwd plees Wbf the staple fibers are stacked
"~ OAFD Al A 0

control) (ﬁye mﬁ@%lnL h§£éétloé [§ﬂé]béyé dﬂ%%qhg g9 a g%?ﬂ%lﬁé%%)n
35 enbgseed] ppbgndex=rollpedry SW%V@Hl% J:olA[ EpFperatyfres
control) X Affng from about 145 to 172°C and rollAgrddsuriesC@l rnjo

%err]Alerr] = rlound]s pg}c: et {?‘%n57 }%@@gwt%fnscggyﬂrlear centﬂ(.mete:;’)oqié)

Alerr] of control
PCT/ US97/ 04470 obtain nonwovens weighing nominally 20 + 14ypr.17.5 %+ 1 grams

Rlerr] = Reduggg aécﬁﬁr'é“t;;s%y%f6@”26-[9?@1]&1{50p-EEre@f;llai-éOmater) The
as

ICIr:I)tSegrgt e\ém:'ifgalcﬁ cal cul at calender roll has a 15 % land area, .379

_integrated area cipais@®g. Sin. with a. depiherqf 0.830 Rédgked dhedheaderthe
curve 550”‘T[err]dﬂé%dﬁhgrhkvéréﬂﬁldth of D.040 inch, a heigh€D&f=00020irdh, S

Zfégyla;egoggﬁ -and are spaced height-wise 0.088 lnchlﬁpeﬁgg?%%dd%éi gﬁﬂﬂEC
Rerr] = = Reduo:eckearaa@&@nd@chc@nveehtem Thedr pet*I?mr?.Sf;blnstrated in
' Fig. 7.
Test strips (six per sample) of each nonwoven, 1 inch x
15 7 inches (25 mm x 178 mm) are then tested, using a temnsile

tester Model 1122 from Instron Corporation, Canton, Mass. for

cross-directional (CD) strength, elongation, and toughness

(Gefined as energy.to break fabric based on the area under the

stress-strain curve values). .

20 _ Specifically, the breéking load and elongation are

determined in accordance with the "cut strip test" in ASTM D-

1682-64 (Reapproved 1975);'which is incorporated by reference

in its entirety, using the Instron Tester set at constant rate

~ of traverse testing mode. The gauge length is 5 inches, the

25 crosshead speed is 5 inches/minute, and the extension rate is
100%/minute. |

As noted above, the composition of each blend is shown

in Table 2. P:oéess conditions are shown in Table 3.

Characterizations of fiber spun from each composition and

30 subjected to the listed process conditions are shown in Table

4. Tables 5, 6, and 7 show fabric cross directional

properties obtained for each sample, with Table 5 showing

cross~directional strength ‘Table 6 showing cross-directional

elongation, and Table 7 showing cross-directional toughness.

35 The strength values (Table 5) and'tdughness values (Table 7)

are normalized for a basis weight of 20 grams per square yard

(23.9 grams per square meter), except where noted in Examples

44 and 45 where the values were normalized for a basis weight



10 CDS = 0, which is calcul ated as:
I ntegrated area of OAFD . x 100% ' '

integrated area of OKQD .~ lerr]Rerr] = Rerr] of invention
- Rlerr] of control R [err]R[err] = Rlerr] of invention -
‘Rl err] of conwoor3mss . ~ [err]Rerr] = Rerr] of ircrasyimago-

Rl err] of control ' I n the Bkanpl es of the present
application, SigmaPlot[err] Scientific Gaphing Softvvare -
Version 4.1, (obtain difsrom (20.9 Jandel_Scientific Cf 2:
was used to perfof gsy qt?f&mgtl%e:( oPTeESi PPRERE) re ees§IaBﬁ1

and to obtain the82©ngatl°n vadwelst preenps nofmaldegdessi on. The
SignaPlot[err] - SC|enfhé|ébntrol sampledy HNithDS0hL 48T £rdds HampiiRnyal for

IBMerr]PC and Co | v mber, 1989, th
Sopotenbnt to- nelBeetPy Sh. 36, 30, a0 %%\ 89 ad o0k ST 357 soRilnn 121

are incérporated which is notheér @iknnbyoref Bikawce in their enti rety descri be

the use of the 25 Figursdfd Vel tﬁte@ratl : ﬂ%tlb&a SudRn R
for 1BMerr]PC and . e S &pro -164 to 166 6 a

fab rTg bl es, gage
information is prRYFERYF? 2 ric ¢ n%\"t')b’h’tngr ELS| ﬁc%‘fﬂ’r%sto E"F@B;l%sf‘on
order of 2 is useahdrud, as comparedata d¢entiredr Egsamplé mmUQIAsja:ba beky Eeein

the mnimumto thg. X I .
The quadr atic fit c?1“[(‘)utll'u‘s grag%igl %ﬁym%%%ﬁpgﬁ%gge%/&@ (%) &9 gnd (C)

poi nt s18ver the t am:"‘Tlffe‘ FEGPESS YRy, have a flaptey; EPEﬁ?
shoul d be at | easandabm;tbl@ bonémblaz proseer aehgeratures as caiparedaboutudve.

I n the exanples h@ﬂﬁ'&f Eﬁﬁhﬁ@@”iﬁﬂ3'f%ﬁgxnﬁondlng can beVaBhidved at l wer
The normal equati ons, Q’ t he met hod of ast %qu res, can

be found in FundaheTREASTEFFEHELnS nﬂ?‘hef e present m"EJ?‘p'éPPrreY’i‘E‘%]-e
by Hicks, CBS Colpesgeifig stinugs- Ri!reﬂ:EBé.‘naht strength anfagesabBing36ther

|'i near ;gegr essi onog‘%g,%%e%flysg@ge{,%onwoven fabrifUrvilinear regression.
The regression coef lent is ”}EL guare rooltD of, the coeffjicient
of deternination, SIS (fe 1llustrates a grap h of onding curve for a

nonwoven fabric containing fibers according to Example 13 at

a basis welght of 17.5 gsy instead of 20 gsy as compared to

Example 25 at a basis weight of 20 gsy. This graph shows a

20 ' flatter bonding curve for the fiber according to the present

invention, and the ability to bond at lower temperatures while

achieving a high cross~directional strength. Thus, high

cross-directional strengths are achievable with the fibers of

the present invention at lower bonding temperatures, whereby

25 softer nonwoven fabrics can be obtained. It is noted that the
data for Example 13 in the Tables is normalized to 20 gsy.

Representative data concerning bonding curve (cross-
directicnal strength vs. bonding temperature relatiocnship)
chafacteristics for the examples accbrding to the invention

30 are set forth in Tables 9-11 and Tables 12-14 illustrate
comparatlve data. _ _

More spec1f1cally, C,, C., C,, the minimum (lower)
temperature of regressxon, the maximum (uppexr) temperature of
regression and the regression coefficient, T, and T, are set

35 forth for the examples in Table 9. As noted above, for most
of the examples the minimum and wmaximum temperatures of
regression are 148°C and 169°C, respectlvely However, for.
certain comparative examples the data is determined by using
‘other than 148°C and 169°C in view of the availability of data
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- 43 - proportion of the total sum of squares that can be
account ed ' for by the regression. ' - As i ndi cated
above, T[err] is determ ned using differential. _ scanni ng

cal orimetry (®BTY?37085n particul ar, a Dupont DSC 2910 5 PCT/US97/04470

differential scanning calorineter nodule wrt B3a- Dupont Ther mal
Anal yst TA 2000 was used to nmake the neasurenents. Also, the

tenperature was calibrated uysgjr | ndj_u andard. T '
i nstrument and it °§entg}eaﬁ% t)%égrg%tl‘lggh _arqé_g]géér ?geggle%eot #(g% es, the lower
2910 Operator's Manidt, ofubreseesicamds highar| phep hCs, H¥oeevyer, once the

Lukens Drive, Eveﬂéaﬁt_ . ihg, cﬁﬁiéb%gogegres'Sion coefficienIOh&bi &id&nedléheﬁ{tig{d’d], |
measurement, the fiber to be_ bon - _ S as .t e fiber,
is cut into 0. 5 9 gﬁéFﬁga‘éﬁ‘% Vaites of c, %’r'egi"sctetl% %‘\A%rehgg%%?@l fe uting
nearest 6.01 ny) tthealefindtignsnet C,, 2, Ry, @Wﬁuﬁﬁ%a&%ﬁ@ Fheyeon a

Perkin-El mer AM2 Autokghagcee D¥esleps,, cps,, SEGH)$ @b, JRdeAL, hedli 89 and
.rates of 20[err]C per_nmnute from eratyre, (gbout

_ oom , te .
20[err]C) to aboft F¥C. © ﬁe&f‘a‘“?i%ﬁv Fifh higher Va%ﬁfalo sy i® A5t tRd
vs. tenperature. Bhaligeitiinggbpbtet peiffjeemapre at lower temperehurésber .

sanpl es are taken as th@pTexi UM #ad !AE,S Rf Aher, R, and R, £6RUGhdELMHnples.
peaks. For exanple, where the scan,i

| udes a q nungeé ofeépeakst
Tlerr] %Buld be det erni-HPFOYEPRGCENER nHihette2 values &, AoAR8r &t FPIFER
~of the scan. either crossAdiepreiemiht i serdfEhcurimproiverentsrl etv all

(mcal / sec) vs. MR e threl Sidteral, aligthriVefibfrs”
More specificall y,t@n\peratm':'g§ ' thzéﬁgsctéé'{rll%%lta]herr% shO\é\,g a pe.g% h g{:s &t

. at . abo
TB5[er TG for a 3iwerybonding Cemperatingt, BF RSl Lhus, ithed ifprovenent
As illustrated indeudd 8mpidwr thei integrated aft¢a ofallifer rHowsyvesusthe highest

the DSC gel ting pQjAibelsSrbOUSE #:0m EbErdd | diEeal h¥eh Ry b@oss-directional
than the tenperature at Lﬁ}h?rﬁgeak cross-directional strength. :

However, this is fBFeEsVPal®e purposes only, and T[err] can be 30
- to the right of T[err] R.or RJ[ @nd | Reaaxrehevalpes - wherHier fhe integrated areas

As will Pe di scgss&ﬁeknthé%&z@mgl @t?:ﬂvé; ek sulld el t§[§r-fdougiaereduction-l
o emer a et i T8 MR LRVELANGS (205 arecciona:
Table 20 | n rafsengthsaadcbbe tempertpturexdmperyval. T[ Bhyg, ithed® reduced
approxi mat el y 163[fleakCrephes&ity ARRRR%ENBE Stie G{cﬁ{a&hg aheve iheeddféent of
nel ting point is about 16 Le‘ir]?%r ndcaggrg j mat el%ﬁ# Lerr C%bel C}AW\;[a Ce of
DSC nel ting poi nt 5°€ BRFRLEHAY[ F?‘G B IRAY O e SFERRI “nd
: 100% represents a completely flat cross-directional strength -
temperature relationship. ' )
25 - Tables 12-14 show calculations obtained from Tables 10
and 11, wherein various values as denoted in Tables 10 and 11
are compared so as to denote flattening and/or shifting to the
1éft‘ of the bonding curve using a polymeric bond curve
enhancing agent as.compared to a bonding curve prepared under
30 the same conditions (for fiber and nonwoven material
“production) except for the omission of polymeric bond curve
~ enhancing agent. For example, improvements in the area under
the bonding curve can be due to flattening of the bonding
curve, to a cross-directional strength increase in the bonding
35 . curve, or both. _
'As can be discerned from the tables, the examples of the
invention have been prepared with a range of properties and
over a range of processing conditions, and with regard to a
number of comparative examples of the same processing



upper linmits of regression for the quadratic 'fit have. been
determned utilizing 148[err]C and 169[err]C, respectively, for npst
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- 44 - of the exanples. However, as stated above, depending
~upon the w0 97/3706DSC nel ting point of the fiber, other | povesssswdsrgpper
limts of regression would be utid4 zed. The
fiber according to the present invention can also be "5 . preferably
characterized by varjous paraneters utilizing the ' above- not ed

t er mi nol ogy. ~conditions byt ,with,thg, GRdSsiopnehHrrbmesis drerdncpgve

al so directed enhancind 0 agent-cor eThiuber that peefenmalice has anonwovens

Aerr] Alerr] whi C&bﬂé%ﬂ{ﬁ'@ Hivers ncludltnga pﬁ%r.@z goﬂgn %@ ngﬁh%fx ﬂlg

produced under same con tions ers pro uc er sane
condi ti ons exceptdgent can be Q%Paéﬁéeﬁ%«f‘?ﬂtr? & Yoiiausr pelyweric diopd curve
enhanci Bg agent . enhancing agenef erzablnotedhablfrer rTbred |124,S 13ncaaased bMow
menber sel ected f he group consisting of at |east about 3%
at | east about’ 15}%Qe companson% | east about 20% at |east about 30% at
| east about 40% 15 More specifégailvbolablsodadiows cemparapons 0%, Co

a;] i | Ih nore preferad ), bdtavdenbaoniesers %Ee&héﬁiﬁédtlaﬁgoat%@ﬁd AR Eivers

ich is greater t 0 er produce .

‘under sane condltllhooﬁgshéfrom%(gqbgggg r@ég\ég%dqﬁ%’ ekmln wherern polymeridi PPohs
except Por absenc‘élﬁetﬁ@hﬁéF%@rﬁSe@Gndléurwlzﬂed thereimhameidngecangenel

Even still nore mcHwivallsy, obbgidéederdas fibers prodac&’ﬁerdﬂd%{xerlthe 3same

“%err]Aerr] and caonél u(r:e%[ %EJE'I] w1m68€' i 31 reeraj:[cerl}% I&a ]ulrgg gnLanc1ng agent

nonwoven naterial” pro nder "Sane- cond L1 ons
produced under sdihexredadi thﬁsC%wéjé?OﬂéraJé&)%énéﬂ b?ieobtalnlng values of

p0| yrmeric bond thpveceahanc; fgrag &iinwoden according to fﬂ?@ AR bnl, NYEDLEHN
i's al Sﬁsdl rected 1o ékl nccoredfébefror a contr conta Mg gg‘% g gé%te?e gyd

pol ynefic bond curve Rnhancit ng
nonwoven mat eri alsuRFuagdipng) the control Yﬁﬂmﬁfhgfr@m &Pﬁsﬁéﬂ%hé%@%rﬁo
material at |eastem¥@rilention to obtain AC,, AC, and AC,, respectively.

Table 13 shows comparisons of A, A, and A , between

nonwovens of the invention obtained from fibers produced

20 ' according to the invention wherein polymeric bond curve
' enhanéing agent is included therein, and control nonwovens
obtained from fibers produced under the same conditions but

without polymeric bond curve enhancing agent therein. - The
cémparisons are obtained by obtaining values of A;, A, and 3,

25 for a nonwoven according to the invention, and values of A,
‘A, and A, for a control .nonwoven. The respective control

values are then subtracted from the values according to the

invention, the result is divided by the control wvalue, and
multiplied by 100% to obtain %AA,, %AA, and %AA;, respectively.
30 Table 14 shows comparisons of R,, R, and R, between
- nonwovens of the invention obtained from fibers produced
according to the ‘invention wherein polymeric bond curve

enhancing agent is included therein, and control nonwovens

obtained from fibers produced under the same conditions but

35 without polymeric bond curve enhancing agent therein. The
c_omparlsons are obtained by obtaining values of Ry, R,,, and R,

for a nonwoven according to the invention, the values of R,

R, and R, for a control nonwoven, "and respectively subtractirig _



Clerr] of at |east about 60% nore preferably at |east about 75% 30
and even nore preferably at |east about 90% a (ferr] of at |.east
about 75% and preferably at | east about 90% a Clerr] of at |east
about 50% nore preferably at |east about 70% and even nore
preferably atWOd3BT6Ebout 90% a Rlerr] of at | east about 53EIIUSITN4470
preferably at |east about 70% nore preferébls§ at | east about 35

80% still nore preferably at |east about 85% still nore - _ -
preferabl y at lea%heal?:%ﬂtt 89% ANk euen PRE & PNAfLHABLYAAg to the inveh€AH
about 95% and a err QF at ZT‘east about 90% The present

invention is al so 'R rAXEEE £Bea Al AREAR, Tespectivelyyer contai ning

pol ypr opyl ene and pol ymahle baAd ftllwstrates rheologicdlD WatE706br elastic
PCT/ US97/ 04470 : Jus and . it v3 303 .

enhanci ng agent vm(lsctﬁjr, eer%"S\ngeggeanascgm?}%%rvllsnctooﬂay or varlou?\o%?/\})}(/%erf
mat eri al Sby t her ne#dddidridiesy S5HaFREPRERS t Hilhdiptdy & that of pojypespyieng

| east one of an Alif rdhedfccaumhneashiaholisBOKe ratio of theppelenébl ¥aditive

| east about 5000, .ev [ rtngIy |.eas . out 6

even nore preferabtloy gltenpf(ggg?{%?& OO%ES g%ﬁ be Seen im Eﬁg??] E%f g?%%é%d
about 2500, pref ermednirezic additBnfuthaysos, lower elasticopefuinreapd cP@RAAY -
at - | east about 60GA.scdd teVahaiDlypropylene. Prabkéabby adkol @agtsaheiel psc

6500; angd an Alerr f. I t 00, preferably about
6000, e\g n nore pr“leeTl%rla I&eg‘gg{(aas’?gﬁ}f the pOlyng%gt 7500, even nore

preferably at |east about 9000, and even nore preferably at
| east about 10000.comparison 1 The present invention is also directed

to a skin-core fiber,c ri.sigg._polypr I nd lyneric

bond curve . g%ﬁ%ﬁ%?%g%é’gﬁ rl,dsg'rge?‘g}'a%?y e a%l%gngoy?%n?’?% e?’%ﬁm«fle
pol yners, 15 16. t RllpEpFP3 Y| wate anede Heo old MPEi dnpBkBatly &y using
enhanci ng agent a 1.55X dréwi rurfomied pBloméher skinlicaeeel bbefotdletross-

(05T DAECESELY meceion.  mBHES 0 DS SRR ol Mockontaion
nonwoven processi &f EVA; and the control 16 has no EVA,

Although the control shows a good CDS,, it occurs at a
high temperature and the bonding curve is steep. Thus, no
improvement is realized for AC,, with C, being 89.1% for the

20 control, and 75.5%, B1.9%, and 86% for the nonwoven according
to the invention. However, at T,,, and at temperatures as low
15°C below the melting point of the fibers, improvements are
made. Thus, C, is 45.3% for the control, and 89%%, 95.3%, and
86.4% for the nonwoven according to the invention, thereby

25 providing a AC, of about 41 to 50%. Furthexr, C, is 21.8% for

- the control, and 68.4%, 85.2%, and 69.1% for the nonwoven
according to the invention, thereby providing a AC, of about
47 to 63%.

The control shows a good A, due to the high temperature

30 . at which CDS, occurs. Thus, no improvement is realized for
%0A,, with Ap being 6114 for the control, and 4716, 4435 and
5032 for the nonwoven according to the invention. However,
at T,., and to temperatures as low as 15°C below the melting
point of the fibers, improvements'are made. Thus, A, is 4191

'35 for the control, and 4995, 4649 and 5042 for the nonwoven
according to the invention, thereby providing a %AA; of about
11 to 20%. Further, A, is 5212 for the control, and 7018,



conditions obtains, wth respect to a nonwoven material 20 produced

under the same nonwoven processing conditions from _ fi bef”
produced under the sane fiber processing conditions but not
contai ning the polyneric bond curve enhancing agent, at : | east
one of a [errwapewangésof at | east about 3% preferably at | eapdtTrusernddro
about 10% nore preferably at |east about 20%6still nore 25

preferably at | east about 30% sti II nore preferably at | east

about 40% still nor preéeragg | east about 50% and even

nore preferably at67 2s823hdd 5% Ehfe??‘]“ﬁf‘éer‘?]a‘bcfor nﬁeéﬁg’t tﬁ’ﬁo&t’wentmn'

3% preferably at teesé¢byhmaviti¥g aokoApraf abainlty 3at tbensk.

about 20% still nore ppgd eé&tﬂﬂela%hbaésa a@&a'tn3%% éB'H:e high te erQ‘Eﬁ?e
preferably at | east about 400%? still nor eagre erfap "P

about 50% and eveRt nBRrEch &P é’l‘fﬁ?‘rﬁt | & F'aBBui-mB’?@Se‘“ent is realézed for
Berr]Alerr] of aARg,easrthamgubeﬁ% S5 efterfalyl yhat cba'asdsl,ahmﬁ 9110%:, 94% and

nore preferably atgo easteabul ?19 ovd 'Acé@d%.ngfst a%ﬁ@':}’n However,

| east about 30% . and even nore era out 40
%err]Alerr] as d?%cﬁ'ssedaﬁﬁo@é' te&“F{eé‘rattPRFér 40 oRS adoVedst Jafb&'utb%bﬂw the
preferably at |easptenhing pbA¥r 6BreherEiiaa)! }Lmﬁi-o+aﬁéi{tsabQ€t made. Thus, R,

20% still nore pr S r

preferably at | easg {)@qt%yfgg‘} L:gélldé%{‘?fée)rr é?‘ rs? I%ga)ls LBGur *355* the
preferaBly at | easBORWRAN 16%?04?1%4‘139 Iyn‘éﬁnqlé%i’st HRuaby PrOV-'Ldlng a
WO 97/ 37065 s1gn1f1?ant AR, of ?bout|301 RQHEWED// RA4ED 54, 8'|for the
- 46- [ efaer t s t [
preferably at |eas %’Lt égg/féf ]‘dJ evg’ @Q Xn@ 89' ?Q E%ft{%lé Sy el CICFQHEE%
about 40% to the 1%“&aﬁnbet*5@@b¥f mmvsﬁenmaa aGPpr@%eah% BR ERe0%.
exanmples 5 bel oppe t hatiowd | Yedapded ienWekanples £ | @& S warl Uda®y th
fibers .5 aﬁ&?g&aﬁjﬂah\leo éﬂg%ygifée%% Eﬂveﬁé Og;gé’}é% ?o ?LUtt%a%D thee
val ues ar e g | onal1 va 0 Y
thermal |y ORWRYEBF| aP§°§¢b‘Eﬂlc‘§H ql”f?c IRFEFSHGLt ABVERBEPR

retain h1gher -cross-directional strengths” at  lower
temperatures than those of the controls. In other woxrds, as

_ compared to the controls, the nonwovens according to the

20 - present invention show higher retained cross-directional
strengths as the comparisons are made at lower and lower
temperatures. . Thus, the nonwovens according to the present
invention obtain AC; values which are generally higher than
AC, values which are generally higher than AC, values; %AA,

25 ' values which are genérally higher than %AA, values which are
generally higher than %AA, values; and AR, values which are
generally higher than AR1n values which are generally higher
than AR, values. '

Further comparisons are set forth below wherein data may
30 : be compared as described in Comparison 1, using the
information provided in the Tables.

Comparison 2
Examples 13, 18, 40, 41 and 42 may be compared to control
_ example 17. All were made to 1.9 dpf (nominally) by using a
35 1.35X draw ratio with polymer B. All were of round cross-
' ~ section. Examples 13, 18, 40, 41 and 42 contain 3% EVA. The



according to the present invention are relatively high as 10
conmpared to nonwoven materials produced wunder the sane
conditions fromfibers also produced under the sanme conditions
but wi thout the pol yneric bond curve enhanci ng agent of the

present inventW7376%hys, -the nonwoven materials of the — PCTUSYO4R0asont
I nvention can be defined using any one of t ie>Values 15 . descri bed
herei n, or any conbi nation of the val ues. : ' Expandi ng on the
above, it is noted that, di bef s, 0f d&va.  ImproReRERPE haYEPEi ROddi OB &ddn
thermal |y bonded into nonwoven mat eri_al rovide r Lil ti

nonwoven materi al s ¥#de &t [aPE ©f comparisgn, A %Sgﬂ‘f?é Ht g <t 3%5&%
properties than nonwoven 20 mat eri al s produced under the sane '
condi ti ons but Wthﬁ%ﬁ%ﬁiﬂﬂ.ﬁ. presence of polyneric bond curve
enhanci ng agents. - where all fiber production

characteristics are the Grawpings 3a, 3b angcPEITRBreSAH (SBOLEFOPRERBTEE PR 2
-and al | ngnwoven nei#£fdedt extruder at Miotheet rateslar actedi i iTxblar 8.t hResults.
same, including al'lmazé be once Qg;g.‘fgvﬁg t{lﬁlﬁll TQ%QQQC%@QJ#SJ[ eps, the

mat'e I C e

resul ti ng nonwoven i a i'ncludes t | bers_of the

present invention (a) Fxampighdf Bay Jryt FPRRFese tor COPFESl cenparPtel 14
t he nonwoven Each B £rmade WY ch dags nelominallge by besindcs o1 d35y diaw
the present JnVeOL} 00130 B, Each ﬁg%e%éf@n%mﬂe” c?elg;raef %%ﬁsd.-

enbodi ment of the ihVehti 6h wher el'n st ap bers are subj ec
to cardi ng and bond$ertian. Example I%Hqengafdner Akl EYA bofded CRBERBYedd Bas no

fiber forming, and gva. Imprévéfinite andy DENdidEDpeT adddSrdmye tdl fige of
of the invention. whi ch incl ude pol ypropyl ene and pol yneric bond '

curve enhancing 35 companséagnént woul d be the sane as that for the
conparative fibers (b) ~ ExgfPdf 233nPaY nPpFSHRGIHH ERe CBRETALL eFRMBHRri%
bonfjdcurve ] Eacleg‘b@@cd‘m agsﬁrm,.g |dpfPariomi nhaly) the Géhey ProOCERS daw
wou ' e_conduc t sanme s I [ n ti
condi ti oA to obt ai ﬁa%"'t%pl"!réggi %é’%%mﬁlév?ﬁ tﬁ‘l"etl;rga{rsrgso%Ef rI:R:lnrl%"%,ddeclq:t_é\/\Og}('goSs_
97/ 37065 section. Tables 3 and showpcgygngQQﬁgfﬂge in spinnerette
- 47 - ' and amount of cross.air blocked between examples 34, 35 and

examples 36,37. Example 37 contains 3% EVA. The control 36
has no EVA. In this comparison, the flatness of the bond
20 . curve as indicated by the reduced area is not generally
improved, but the values of A,, A,, and A; are higher by about
21 to 24% indicating cross-directional.strength increases over
the entire temperature range.
{(c) Example 39 may be compared to control example 38.
25 Each was made to 1.9 dpf (nominally) by using a 1.35X draw
| ratio with polymer B. Each was of round cross-section.
Example 39 contains 3% EVA. The control 38 has no EVA. 1In
this comparison, the flatness of the bond curve is not
generally improved but the values of A,, A, and A, are higher
30 : by about 42 to 37% indicating cross-directional strength
increases over the entire temperature range.

- Comparison 4
Examples 19, 20, 21.and 22 may be'compared to control
~ example 16. All were made to 2.2 dpf (nominally) by using a
35 1.55X draw ratio with polymer B. All were of round cross-
section. Examples 19, 20, 21 and 22 contain a combined 3 to
7% amount of EVA and PE (see Table 2 for specific amounts). .



substantially the same denier, draw rati o and cross-sectional

shape. The only difference would be in the conposition of the

pol ymer blend utilized in the spinning operation, and this

conposition would only be different in the inclusion of polyneric bond

curve enhancWeg7awént in the conposition used -t ecCressnvossve fi ber
according to the present invention; whereas58 - the conposition for
form ng the conparative fiber would not contain polyneric bond
.curve enhanci ng ent en, . as, noted ' e, formed stap
fiber woul d be sggFeEPEHr?g ?ﬁ has 8o 1BVA- Perf?ﬁﬁ?ﬂ?ﬁ;3ﬁé}qy§ﬁdFﬁ§ges of
condi tions. temperature YHi fmpkoved ast cdnt bat selgp Frovuctevirwohgf ither s
and - C - - npRYRYEesSiantt1 dhasaqe conditions is indicated, there wll
be occasi ons wherein the exact sanme conditions may not be

exactly reproduceabl e, - such as due to processing 15

consi der ati ons. Companisomcrasi ons, -t he conditions shoul d be
mai ntaigned as cl ose ag PRSIl B mh B&hi&isa Mbpte o %ohEr@iféG\:}xlngeszs gachhe

same conditions.
The i nvention is"RFI BREFAFRALiH W FAMSRLIY) nBY- ustpe a 1.85X draw xgtio
exanpl es, whi ch withppolymeed Bf.or BEabk was ppSersmd cross-secti@pr eSenhaweoa,

and are not to bﬁa&msime,d% hbmelflﬂlféfpsystem ngm %ﬁ%ﬁl?fm} K ntains
i'nvention. garts and per cent aiges in the exang es are 8

wei ght unl ess i ndlf EYed JPReFRRSE has' 06 BvA. IEpYRyemenRy Pl soted
i ncl udiong t hose ph ¢dxeh maesgenanEStype of comparitonras denoted eparmathles ng-

polymers identifigd as AASin the follow ng Table 1, and having
the properties indicated - therein. Polynmers A-D are |inear
I sotactic polypropyl ene honopol ynmers obtai ned from Montel |l USA

Inc., VVIn1ngton§gmpazlsgn.§. Del aware, polynmers E, F, K Mand P are"
“ethyl ene vinyl acetatg, les 28, 29?%99! He,aéy@evé& ddZFeQ, cEh RN @adalnb 0.
- ELVAX[ er r] 3180, ELVA)% Q VAX &l ]g

)50 %to %2 dﬁ’rﬁ (nom:.n y using a 1.55X or -

respectively,
ethyleﬂE/vinylacmtaonldcad retpwlyxmh nagwmxﬁemr]4zaa weaehOGfround cross-

- which is obtainedsf¢ 08 DURGAh F@egp@@y stalnm Bgt:%htd:?ﬂ WP, The control
havi ng wei.ght. percent of vinyl acetate in yIeLs

stated in Tabl 85 Bas 1o BYA p Shege Jsa“él?lees &Fffe?‘ﬁ?? e?fé?arger equipment
Aspun[ err] 6835A, at | INSyHEEf eratpXlL5 8RGO merdppraetd yoted 88083)ch ramde and

| NSI TE[ err] ><|U582 Qzﬁfréérﬁﬁﬁié@i Yas %@@d 1£r@ai>ipyv e calgnhancement
' Oorrpa%’ Md an.db C Igrtles atyr{%Wer kondNJl.Jr?g émeprerlja%%segb&gl Q\?J’Sident

Comparison 7 _

' Examples 44 and 45 may be compared to control example 38.

Each was made at similar rates into, nominally, 17.5 gsy

fabrics. Example 38 is of round cross-section and contains
25 no EVA bond curve flattening agent. The data are normalized -
' to 20 gsy, similarly to all the other examples. Examples 44
- and 45, however, are normalized to 17.5 gsy and répresent

fabrics of fibers according té the present invention made to

a lower basis weight. Examples 44 and 45 each contain 3% of

30 - ELVAX®3180 and are concave delta cross-section. Even though
' basis weight differences of 2.5 gsy typically account for
about 50 to 125 g/in differences in cross-directional strength-

undexr these bonding conditions (about 14%), examples 44 and

45 still exceed the control example 38 in all of the

35 comparative values (AC,.AA and AR}, as indicated by the wvalues
' in Tables 12, 13 and 14. This indicates' that cross-



D 97/ 37065 - | . PCT/ US97/ 04470

- 48 - from Dupont Conpany, WImngton, Delaware. Polyner
Nis _ ELVALOY AM obt ai ned from Dupont Conpany, W ni ngton,

Del aware. Polymer 0 is KRATONerr]GL750 obtained from

Shel | . Cheni cMO 97/37065 Conpany, Houston, Texas. Pol yne®STESIWUNY S
are Nylon 6, 5 Nylon 66 and pol yeélgef obtained from North

Sea QGlI, - ' - Greenwood, South Carolina, and North Sea G| obtaining
these I r S , BASR

N Nbu%%dt@bﬁa% Q&éaﬂg}t'l@q.s %Evea@\féﬁtt@ﬂé’ngnyéée tlzegp ure

vi scosity of 60 (a'maeams‘ ﬁhé?‘n R}"Fl Eﬁn@,l ﬁ‘l"ﬂé‘fesa§r§20(§;tag’fﬁ’é" 13180 ExagRls,
66 having a rel atiage s\hb&aoshéyvacﬂfue%wﬁen thadidtdacof example 45pdllsyﬂcstmaillzed

conprising a pol ygtd h%«, g%%,; p:m’p%.n %ag@v?ﬂge%h CDS value (.}Lﬂt'f‘éﬂfé %) is

viscosity of 0.7. |zer use

stabi | i zBr | RGAPOS[&aLijzedsg. obt ai ned from G ba- Gei gy Corp
Tarrytown, New York, the antacid is cal ciumstearate 15 fromWtco
Corporation, G eensw.ch, nnecticutt, and the pignment is

Ti Q2 obt ai ned fro%?ﬁ%gyn%r poration, Tarrytown, New Yor k.

In the Exanpl es, the MExeapilegobyprbdy| BhesSfmyb%ofPaphd 61 may be campasad
of 1 RGANOX[ err] 10%6.tH f&rﬁlxwekaﬁpmé 5By CATL aidteSRatie 20 similar AH00 pRM

Sontai b 1000 pom GERIRAARSGEeP fibtet LfeT e Qoasx draw rachRihlY (SHET
- XU58200102 pol yet mqréwesISmyocmlamﬁr;eodocmﬂn curve enhapging agent. The

SANDOTAB] er 1 | P- EPQnvaing idheek@iiflel dont Aibh TH &/f haricudnehggene copolymers,
Fi bers were individu érlialtéa({ eﬁgrf&#% ng gn&vvg st ‘?ﬁtﬁgugh AC aBdOCAg{Ssva]ﬁ;o 3

the first step, po 1 ons pared
m.xing linear i sotaamwaélﬁoaysr BEQF‘éh‘éeif IQﬂ(Je the A Valu?ﬁe%’ﬁ? fEP%‘if-td'sve' Ry 24

- "D" in Table 1, Wlﬂch 48%, Oindi¥a®iff CD strengtROLyPPSemdnt lwerStHed drtfipe
- the. p0| ¥g§r conmpos! tén:poglrgtlplc)% rea%Ige, 65 seen fgomé;tﬂe c%gsgéfex%tct&gha§h§%rdeen&th

control anpl es Wer € no
values in Tables 5, 9.and 10.

Examples 56 and 57 may be compared to control example 62.
Each was made at similar rates into, nominally, 1.9 dpf using
20 a 1.35X draw ratio. Each was of concave delta cross-sectional
| Shape.. Examples 56 and 57 were made into about 17.5 gsy
fabrics and the cross-directional strength values normalized
to 20'gsy basis weight. The control, example 62, was bonded
‘into 19.7 gsy fabrics and normalized to 20 gsy basis weight.
25 Example 56 contains 3% Elvax®3180 and 1,000 ppm of a
fluorocarbon processing aid, Dynamar™ FX5920A. Example 57
contains 3% Elvax® 3124 and 500 ppm of Dynamar™ FXS5920A. The
control, example 62, contains no ethylene 'vinyl acetate
copolymer bond curve enhancing agent nor any processing aid.
30 The AC and AR values are negative. The AA values are positive
by 3 to 24%, indicating cross-directional strength improvement
over the entire temperature range.

Compaxison 10
_ Example 71 may be compared to control example 50. Each
35 was made on similar equipment into, nominally, 1.9 dpf using
a 1.35% draw ratio. ‘' Each was made with a round cross-



In addition to containing the pol ypropylene, either alone or in
combi nation with other polyners, as set forth in Table 2, the
conpositions al so contained, in anounts denoted in the - Tabl e,
from O to 500 ppm of a phosphite stabilizer, 35 '

| RGAFQS| err] 18@&9m3ndss ai ned from C ba-Geigy, calcium steaanssndo
obtained fromWtco as an antacid, and Ti @ &bt-ai ned from

Anpacet as a pignment. Primary antioxidants, such as

| RGANOX[ err] 1076 and/ or- BHT are alio mclugle in the, co o i tions,

WO 97/ 37065 ~ sectional shape. e main di ferepEﬁY{E; Sk&7bype 'of finish -
- 49 - uskdcand echdte Haimpier J1i wohtidéns han BVAXPIIAcessl shinppbhg
stabilizers. Example 50 '%iote%r Bé‘épaéé M‘ea?&”pﬁéi)}:h icthona  curve
conmposi tion ‘is then bl anketed wt eated to nelt tﬁe

conposition, 5. flatten’e‘?& rARRIE -andhepdALFAEoCERFHR arrltes foxaFEamplea’l
Cross-section are highfi kepecaél by mEbt menpevehufebpicalicom 2A3Arbphdhdc
C, i.e., the h t t (o I r' r .
ext 1 i on siver, ceffive ' PINGAL Mfitn 98, @3&%‘@?0%@52 e giBiehs
‘and splﬁneré‘i*{eeé’aé\éfsf‘?ﬁ% iy %‘Bl%saBealﬁt?h&r YTReOWe |31 te 3B%
extruded t hrough &ddicatiag &ﬁﬁﬁsmr&bﬁioﬁ@i &tIengbBr Midreasat over the entire

t ake-up rates of z%g%é;z)a Igv;% grs per mnute to prepare spin
to 4 e

yarn which is abou nier per filament, (2.4 to -~ 5.0
dt ex) . The fiber threadlines in the quench box are _ exposed to
nor mal janbi ent ai cofppeRipdbr( Q10ss bl ow) with 10 to 15 25 mllinmeters

of the quench near st i, au"RE! &1 ol OGEL, may pe confhbed "SI UEnEare

bl ow area to del ay the qu
which is not a ske¥RBRY® 6f5| be?‘*l were ‘made ast &hﬁa}ﬂrvﬁ%ﬁ%g‘s@w ﬁnﬁﬂﬁ hole
(avail abl e from Legtmterentd Ootround cross-sBattlioghy konwarcnimaddyt @ v neb t bes

filaments onto bo@?:k{%r @ding a 1. 35X ﬂerDerét?i&'“e“%ﬁéeEQﬁF%ipEﬁRQélﬁ‘é ®no

listed in Table 8 aV|ng or di_nar
woul d B& able to EI@%:I-%VGS The ”’éﬁé‘ﬁ SPi Fr@reLees "r?é‘\??‘ﬁﬁ t3e Phi SRFAPESN

i ncl udi ng the nunbéditives (note Tables 1 and 2). The AA values are positive
by 4 to 18% when the additive is Nylon 6 indicating CDS
improvement over the entire'température range. The AA values
are negative when the additive is either polyethyiene

20 terephthalate or Nylon 66 indicating that not all polymeric
‘additives function as polymeric bond curve enhancing agents.

Comparison 12
Example 70 may be compafed to control example 17. Each
was made at similar rates into, nominally, 1.9 dpf using a
25 . 1.35X draw ratio. Each was made suing a 1068 hole (round
L cross-section) spinnerette. Example 70 contains 3% Elvax®3124
and 3% Nylon 6. The control 17 contains no polymeric
" additives. Each AC, AA, and AR value is positive, indicating
bond curve enhancement by CDS improvement over the entire
30 | temperature range by shifting of the peak temperature maximum
' and by flattenihg the curve in general. The AA values are
shown in Table 13 to increase by 21 to 44%. '

The AA values of examples 27, 40, 43, 46, 47, 70, and 71
35 exceed the best complete set of AA values of all the controls.

For AA&,.the best control value is 6114 from control sample



of holes, fiber shape, equivalent dianeter (D) which in the ' case

of a round cross-section would be the diameter, capillary 25- _ | ength
(L), entrance angle([err]), counterbore dianmeter (B), holes per
square inch, and length and width of the surface covered : by the
capill ari es MOX7B®6F her ei n. However, to further assist PCT/USITR4470
reviewing Table 8, Fig. 10 illustrating spi hhetettes 1, 2, . 6 and
7, Figs. 1la-l11c illustrating spinnerette 3; Figs. 12a 30 and 12b

illustrating spinfer el s 4a alith 'ﬂhg cdSH AN vL3hes are Ism ahd %&diqatnémn

spinnerette 5 "are “inc Mensi ons. - rated 1, .
Figs. 11-13, unl esateofesfimpéesPit edExamelen 27, . 40, 43, M4 ifbteantain 3%
In the second stepvaki®e1eesult EDPAX®IBO NU@KENpleamentenBhins 3% EMEAE®3124

collectively drawn usjn chani r gy ' fAfT o 1. to
1.90X and qui nt etanéﬁ%gggipgtenﬁgl o_bg%réga?%vrée]%wﬁu a%lgcc?rfdiqyilc?r?s 8t 40" o
75[err] € and 100 vedueg0pzer ppwyyckieTabile. 13The drawn tow is '

crinped at about 18 to 38 crinps per inch (70 to 149 crinps per
' | é?;T/C [?59%562278 stuff ') 982:(]1 Vfatrgezsrt Szag&porofalearcamples shpw SHnErové\r/n\le)ng 7t/>\§e710 6t§1e
During each step betstie sqaﬂlmhgwhanaw'rﬂg' abh.crampi 4R, BHe examined. filger
is coated with ajdqlic3BnMt¥t Ehe éfarpldl 0.i%t¥b¥p¥Pe INbxamples 13, ifd,NiSN

on fiber). Four different fiLnis syst re_used, a) Fi_ni sh
"X" conprised anZ&fh83y| a%engat?% a%?’de%g't 'aﬁ’g' gs, 59, Go'arf"’é té&ﬁ]ﬁoed
al cohot0 phosphat exhfibath Bepreeed) ¥/@sulpdokslp values. I nc., Monroe,
North Carolina, under the nane Lurol PP 912); (b) Finish "Y"
Lurol PP5666/ PP5667 ( orge A . Goul ston .Co.., LhC. nr oe,
North Carolina) in th%igg]?‘ggh a{%& dBYTR o Has been %?secﬂ‘?g%g gbﬁﬁ %#W
.finishes, respectiovpryticu)ari neans, Mateyials andcempediienfs ritxtisr dcobe?
~ parts. by WeGlA ght 35?%395&%90&5& OMhe inventibBl L§§e|01_':@is'§( I@.idége- to  the
glrjfgfgﬁ’ C0.1 ?zg_art%%ﬁﬁagg ﬁ%%rrgﬂéseg:{ and extends #5%1 equir\Pa entosr Qve:.th'in
15 , the scope of the claims. :



Carolina in the first step as a spin finish and Lurol ASY from
George A Goulston Co., Inc., Mnroe, North Carolina in the 15

second step as an over finish; or (d) Finish "W' conprising

about 2 parts by weight of Lurol PP-6766 and 1 part by weight :
of Lurol . ASY WOIn3@sdr ge A. Goul ston Co., Inc., Mnroe, NortHCTUSI7/04470

Carolina (wth about 97 parts by wei ght of vvater used to . dilute
these to a 3% concentration and i ncl udi ng-agminor 20 per cent age (1%
of Nuosept 95 from Nuodex Inc. division of HULS Anerica I nc.
Pi scat away, N.J. as _a biocide) in the _first step,
finish, and Lurol AFY rom Jees 08 A o Goul ston Co. . e,
North- Carollna in t e,ngon s$e@ < o ‘as an over fInISh Fi ni sh¢s X
and Y render the fi er ‘ < ‘th'dl‘U'thIC and wettabl e. Finish 'z andjw
render the fiber dTlodf)l and allow the fabric to repel waffer
.and aqueous - Uu. The crinped fiber 1s cutijto
staple of about 1.fp i (38 engt O 0
Fi bers of each blenf cj fi i on 'are the-‘% uande‘el\- %t% ﬁ NS~
conventional fiber | ehii A0 feet per mnute (76 nimn) usiing
equi pnent and proceggurig |scussed I'n Cegare, R J., 1986
TAPPI -Synt hetic Fi bers 1 t@nband Ther mal Bondi ng
Appl i cations, Bostdn Hi fh el & Towers, 'Boston Mass. 35 < .t
9-10, 1986, "Therns % @ 'Pol,yp{oopyl ene Fibers in
Nonwovens", pages 13 1 an® attTched Tabl es and Figures.
The Webraster[err] {fa di' S descrioed € TAPP ar Cle Were
not used. This [art s'|ncorpor@egg Rrein' imKitse + o
entirety, by refergnceg it 0 WD 97/ 37065 _
PCT/ US97/ 04470 _ - 51 -
Specifically, two pii€gH ’ ebs.hap-l,emf ibers gr g,s,t_agkqg ~ ™ © :J,nkd‘he
. . . o neo [« I -] 1 w
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enbossed cal ender

pounds per

rol |

and a snmooth roll
rangi ng fromabout 145 to 172[err]C and rol
| i near inch (420 New ons per
obt ai n nonwovens wei ghing nomnally 20 1 or
‘square yard WVR3797068 20.9 grans per square neter).

roll tenperatures
pressures of 240 5
| i near centinmeter) to
17.5 1 grans
The

“at

per
PCT’UST”(Mﬂp anon d

pattern cal ender roll has-a 15 %Il and area, .379 . spots/sg. in
with a depth of 0.030 inch. Further, -thé 20 di anonds have a wi dth
of 0.040 inch, a height of 0 020 inch, and are spaced

hei ght -wi se 0. 088 | r . and w dt h- wi se 0.060 inch on
center, and a patt ustrpted in Fig. 7. :

Test strips-(six p pach nonwoven, 1 inch x 15 7 inches
(25 mMmm x 178 mm) a using-a tensile tester Mde

1122 fromlInstron
cross-directional
(defined as energy

i Mass. for
Jel ongation, and toughness
c based on the area under the

stress-strain curv
| oad and el ongatio
strip test" in AST

i ncor porated by rerI
Tester set at cons
| ength is 5 inches
the extension ratefi
~above, the conposi
Process condition
fiber spun fron1eaE

SpeC|f|caIIy, t he breaki ng
~ deternined in accordance with the "cut
1682- 64 (Reapproved 1975), which is
inits entirety, using the Instron
. of traverse testing node. The gauge
crosshead speed is 5 inches/ mnute, and
100% m nut e. _ .As noted
end i s shown in Table 2.
Tabl e 3. Characteri zations of
and 30 subj ected to the listed

‘,

process conditionsfar E in ffabl e 4, Tables 5, 6, and 7
show fabric cros ae(dlgn% properties obtained for each
sanple, with Table @Duhz S0 cross-directional strength, Table 6
showi ng cross-direg | | ' el ongati on, and Table 7 show ng
cross-directional flonesdl. 35 The strength values (Table 5) and
‘toughness val ues ({ Jqu7) ol - are normal i zed for a basis weight of
20 grams per squarf ”rm & w (23.9 grams per square neter), except
where noted in Exa Hgt o 44 and 45 where the val ues were '
~nornalized for a bpgl f=wergk .
: b=
i <
o
14 Q
wilz 18l £
Il = z wf W
om w- O w g
<ko {s$ I w©
= S z9l x
- 3
. 4
1 |k
- [
1]
' =
- Jf 2
« 128 B
T
T n n ©
o r = =
S = = e
il o x o x
| ool B
28 £
E
@
w0
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WD 97/ 37065 PCT/ US97/ 04470

- 52 - of 17.5 gsy (20 9 grams per square rreter) The
fabric el ongati on val ues are not nornalized. "The
control sanples are those made from sanples 16, 17, 25, 26, 34,
36, 38, 50, w89 8Memnd 65, as well as sanple 72 5 POIVUSHOB4To NOt A
skin-core fiber. Figure 5 illustrates a graph of a bonding

curve of a
Exanples 4, 7

nonwoven fabric containing fibers according to
and 10, as conparéed to control Exanple 25. As can

SUBSTITUTE SHEET (RULE 26)

been seen fromthis graph, the three uppernost curves (a), (b)
and (c¢) 10 of les 10 4 and 7 _respectively have a flatter
curve and enabl e bomaBUEQD - EOMPOSIEIONS 1@HYres as conpared to
curve L= Nng r
t enper at urfe t & *pr fsERT" ifnvent i pr ,\Aﬁ%ﬁ feifndi Ol Pram
preservi ng i decPi ol 2 AGEMAE i he 15 bt ai ni kg
~of ‘a softef monwaweh dwdrji c.e 10 Fi gure] 6 odsl udtrasses [a goaphl
of- a bondihgzcyrve [ osssqar E . 5 nopwoven {f abri cf condsai i ngozki Her .0s3
according fosBEd{amplle &3 gt € 5 basi § wei ghf 060517.|5 g®y ijnstoead @f
20 gsy as jroapgred [t 0949 E Bwanp] e 25 at a bapi semei ght c@b 30 @ess.
This graphl shous ma P0s4s € f{ attser pondi ng curve| f osoot hg fodeer |acoosdi fig
to the prgsest | ap | 72820 | | N& ion, and thejabi-lity toswbond at2s| quer.oss
t enper at urfes7whi | e 48 ' E achieving a-hi gh crosp-dessectli on@b dtr erngt hu 3
Thus, high s | ® s4gcriossk difr ectsi onpl strengt-hs preotchijevedshe (W tolest h
fibers of 9 B B4%e [present i rdvention aff | ower| boti ng t eperjat 9SS,
whereby 25 1 | B isof&ser{ ndh en3fabyics can be optab¥ed.| #9509 néreed
that the | % B | dé&% |f orE Exjanpl®e 1B in the TFables % nqrnk¥Pzdd 1988320
gsy. 2 B |' Mepriesentati v@ dat a conger nmi ng| boMdi n% ct¥e |(crP8¥s-
directiong %t AerPgt h £ |borRli t énpeyature|relatipnsM®p) | 00 - 0.063
characterifsti*cq fr| t P gxa adcording t¢ the iphvehti on 3890 0.0835y
set forth [j n**Tdbl%s| 991 Jan bl e$ 12} 14-i | fustratlp %9 0.025 - dmp&PRt i Ye
dat a. C18 1 B | %%hrle specfificallly, Jedr],” Cerr '°: Cier (% the ot
‘m ni num(lﬁé?) : 2:': tEe rataure of "regressi on, Ine rraxmm(ugmr)
tenperaturfe Qf eso | T ngy n ahd {he regrespi of c04~ff5_ zgent, oﬁer ]
and T[err] aj,e segl 35g, 5 ¢ florth, for- the éaxappl ep |5h5TaHoI €ocds IAS BQte
above, - for RSy g 83.9 E 2 J 4 0.05 0.025 0.063
2 | B 92.8 E 23 H 47 0.05 0.025 0.063
23 B 96.9 E 3 - 0.05 0.025 0.063
24 B 96.9 E 3 - 0.05 0.028 0.063
c-25 B | 998 . - - - 0.05 0.100 0.075
C-26 B 89.8 . - 0.05 0.100 0.075
27 B 9.9 E 3 " 0.5 0.025 0.083
28 B " 86.9 E 3 - 0.05 0.025 0.063
28 B 6.9 E 3 - 0.05 0.025 0.063
30 B 96.9 E 3 005 0.025 0.063
31 B 96.9 E 3 - . 0.00 0.025 0.083
3z B 96.9 E 3 - - 0.00 -0.025 0.063
a3 8 96.9 - E 3 - - 0.00 0.025 0.063
C-34 B 9.8 - - - 0,05 0.100 0.100
35 B g6.8 E 3 0.05 0.100 0.100
c% | B 99.8 - - - 0.05 0.100 0.100
37 B 96.8 E 3 0.05 0.100 0.100
c3s | B 99.8 - - - 0.05 0.100 0.100
38 B | 968 E 3 . - 0.05 £ 0.100 0.100
40 | 8 96.9 K 3 - 0.05 0.00 0.063
41 B 98.9 K 3 0.05 0.30 - 0.063
42 8 96.9 X 3 - 0.05 0.30 0.063
43 B g6.9 K ‘3 0.01 0.05 0.075
44 B8 95.9 K 3 - Coo1 0.05 0.075
45 B 9.9 K 3 - - 0.01 0.05 0.075
A5 B =9$__2 =t == _% = o0 P=°5===_2-—gs==




of the exanples the mni mum and maxi mum t enper at ures of

regression are 148[err]C and 169[err]C, respectively. However, f_br
certain conparative exanples the data is determ ned by using
other than 148[err]C and 169[err]C in view of the avail ability of data

WD 97/37065 WO 97/37065 PCT/ USO7 POULFYI 04470
- 53 - for these exanpl es. In each of these instances, the
| ower poi nt of regression is higher than 148[err]C. However,
once the bondi ng curve and regfression coefficient have been

det er m ned,

the cal cul ated val ues of C[err]
2. (]

A[ er

r] R e

TABLE2 COMP@&U'QNSI@( WEISHS) CDS err

rr]

ChS[err], P rsf T lww Mgt YS! ABiLizer | antacio :lﬁchEr];
for the exa W t i ghier val fles of err], C[err and rr
i ndi cating b ] Tt 4 L Tahl el
11 lists Ale Alerf] ssdAllerrg, ersr], | R err] and Rlero$ fdr tohe 0.075
exanpl es. B | 969 |[mprovenments | n the|area vhl uest Allerps Al eronds
and Alerr] erd 86.9 K ejther [Fross-directipnabot stjrengsh 0.075
| nprovenent sl cab | a8 1] ss8 - enper af ures qf t-he | enper atjur @10 ntjer wado,
i mpr ovenent sl as B se.s |l ower jondi ng]t enperfat ures| obosbotlh. oBhug, o.0s
either inproyesserit 8 | s69 coul d isnprpve-thg integlated arleacwnl ye. cos
‘However, thef hssgljest {1599 N vialues resul-t firomfl pttess cyrvess wijt h desgh
cross-directl osmall s %9 | Strength val ues. - 0.05 Rperri], oo6
Rlerr] and et ]| o o vedeuds wherfei n -t he| i ntegrjat ed aJ easos 0.05 urcer
t he bondi ng [rusvgs Barle 8ashjlectied fo & "dpubl-e feducti pn" oot - 005 |t O 005
renove contrlj @t ilorss jof s8otlh tthe jraxidnmun} cr essddi r-ect] onege 2q 002 0.05
strengt h andj €t |t er 8%urle intgrval-. [Thus, tthese rpdugdd 0.05 0.075
areas repregent® fll & nes®%f| t He bondidng curve ijndependent®lof | 005 - 00%he
magni t ude oflf t¥e |cribgs- W dctifondl strength: Afval'ue pf 9o - 005 F00997s
represents 4 cBml & 4l yssfsl dt crosls-diPrectional {strength % 0.08 0.675
t enper at ur e | &f4adi dhdhi 7235 o Tablles "12-h4 ;%ﬁow cal°8"h| ati 8‘;P1I7§
obtai ned frq “atl e:S 1057 J 10 - 0.05 0.10 0.10
C-6§ B 89.9 - - - 0.05 0.05 0.065
66 8 96.9 Q 3 - - Q.05 0.05 0.065
67 B 96.9 R 3 - 0.05 0.05 0.065
68 B 96.9 S 3 - 0.05 0.05 0.065
69 B 96.9 Q 3 - - 0.05 0.05 0.085
70 B 93.9 P 3 a 3 0.05 0.05 0.065
71 B 96.9 P 3 - - 0.0 0.02 © 0.05
C-72 C 89.9 E © 10 0.2 0.00 0.00

1 Example 55 includes 0.5 M.. % Hydrobtite 5§50 PO oil (available froni Witco Corporation, Greenswich, Connecticutt)

2 Example 56 includes 0.10 wt. % Dynamar™ FX5D20A {available from 3m, Specialty Fiucropolymers Dept..St. Paul, MN)

3 Example 57 in_dudes 0.05 wt. % Dynamar™ FX5920A (available from 3M. Specialty Flucropolymers Dept., ST. Paul, MN)
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and 11, wherein various values as denoted in Tables 10 and 11
are conpared so as to.denote flattening and/or shifting to the

| eft of the bonding curve using a polynmeric bond curve: enhanci ng
agent as conpared to a bonding curve prepared under 30 the sane
condi tions ng’f’(?f””('ﬁ# ber and nonwoven materi al PCRUSRIS4700N) .
except for the om ssion of polyneric bond curve . -enhanci ng agent.
For exanple, inprovenents in the area under _ t he bondi ng curve
can be due to flattening of the bonding” ®¢ = - curve, to a |
cross-directional strength increase in the bonding 35 ' curve, or

‘bot h. - A es—cer=ire—agseery _:__,:_:___;_:_, =g e—tbo—auwapnlog nf
‘the invention hadk _':si“'ia'..a.."..a 'I;.*"i.:ﬂg;"oﬁo__o_g_ i€ I

over a rarngg, off ghofess! ' Qads®NO RGBT 4T G Farc! l dpl I Brab© || Brarie DENIER
nunmber of conpcratl e exfinpl es jof the sgne prdcessi ng WO
97/ 37065 TEMP. {ghminale) v T/ ST @ ORAW
- 54 - I co | but wi t h ft kereori @@dosn] of plcgybmrr)i d dannd
curve I en anci;gm)agint: THUS ihe - pe for ;nce ‘ _
nonwovens ETH Sy e S e o O o e oo e .
enhancing| ! 303 dge t #an|be &Unpared”?o cottt r di 5% } hode pblynﬁﬁlc
bond curvg % 3'5 'enhan®i ng aglflt . | As®hof ed®abdvé;s Tabl 8% 1p, 1F and
14 show 3 hése} coftpali soft¥. _ 800 27 15\bf e %bec ficely,
Tabl e 12 hdMs cﬂﬁparlso s Bf ¢ erPI cler® 27 155 ahd E% ] befwveen
nonwovens [of® t1e“fnveﬂt|on %bt.lneﬂ frofn fPbefs 27 153 p? uged "%
accor di ng fit 1e2;£nve tipn Whetei nu 3oI yLrerﬁ% oon%f; 14 ::: rye 124
enhanci ng jagent includegd therelT] 1trgy 53 no1mo%€ S
obtai ned firgm h rb.producgd dindeg, theys 28 1;‘cond£i ops qqi
Wi t hout pulny' bpnd clurvg e hanGQng 1g%gf 28 1'55ther i n.{ The
~conpari sofs,arg Q t pi ned by%obualnbgg val Df s | Gerrl, dﬁgrﬂ
and Jerr} fol @,npnwoven gecgrdi pg t t@%l mmigiqnﬂsya*ue§&15 .21 Df
Clerr], Clless]{ang [C [serfr] 4sor ja cpptrol nghwpveyy, dnga.d espegfi vely 5.08
' 14 300 2 25 0.26 850 27 1.53 24 1.15
15 300 2 25 0.31 900 31 1.54 24 127
C-16 295 2 25 0.27 900 27 1.5% 2.2 1.21
c17 | 295 2 25 0.23 800 23 | 136 2.0 115
18 295 2 25 0.23 800 22 1.34 20 112
19 | 295 2 25 027 900 27 1.55 2.4 117
20 295 2 25 0.27 © 900 ‘27 1.55 23 1.47
21 295 2 25 027 900 27 1.56 1.9 142
22 | 295 2 25 . 027 . 900 27 155 18 142
23 305 2 20 0.31 © 1130 25 1.35 22 1.14
24 305 2 20 0.31 1130 25 1.85 1.8 1.39
c25 | 297 7 25 0.35 1100 29 1.55 2.2 1.32
c-26 | 305 2 25 0.32 1100 26 | 180 1.8 1.44
27 305 2 20 0.34 1130 27 1.40 2.2 1.23
28 305 2 20 0.34 1130 2.7 1.40 22 123
28 305 2 20 0.34 1130 2.7 1.40 22 : 123
30 305 2 20 - 0.34 1130 2.7 1.40 22 1.23
3t 300 2 20 032 | o9 30 1.60 23 1.30
32 300 2 20 032 | o4 3.0 1.60 23 130
33 300 2 20 0.32 g49 | 30 - | 160 23 1.30
c34 | 300 4 20 0.30 1220 22 1.40 2.1 1.05
35 300 4 20 030 1220 22 1.40 2.2 1.00
c36 | 300 5 10 0.30 1220 22 1.40 21 1.05
a7 300 5 10 030 1220 22 1.40° 1.9 116"
C-38 300 2 20 0.30 1220 2.2 140 1.9 1.16
39 300 2 20 0.30 1220 2.2 1.40 2.1 1.05
40 295 2 2. | 0.22 900 22 1.35 1.9 1.16
41 295 2 25 022 800 T 22 135 1.9 1.16
42 310 2 25 .22 g0 | 22 1.35 1.9 1.16
43 300 5 | 16 . 0.a1 1220 23 13 | 20 115,
as__| 300 5 16 0.31 _ 1220 | 23 1 135 20__ 115
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subtracting the control values fromthe val ues according to t he
invention to obtain [err] [err]Cferr] and [err]C[err], respectively.

Tabl e 13 shows conparisons of Alerr], Alerr] and Alerr] between
nonwovens. of | tion obtained fromfibers produced 20

according to t%R(gs’Jl"%égt i on wherein polynmeric bond curve PCTIUSS7/04470
enhanci ng agent is included therein, and control nonwovens

. obtained fromfibers produced under the sanggyconditions but

wi t hout pol yneric bond curve enhanci ng agent therein. The

conpari sons are obtained by obtaining values of Alerr], Alerr] and Alerr

25 or nonwoven aceqd gk NerdEE IR pBRER¥AT UES O erryJ,
Alerr] and ==t
val ues are fhen $udsnr fetred| Erossm f erovarPwrey weE 0l disPy tilooRivngl| STAPLE DENIER
invention, fhe result fiis df wbeled fhymbdae contgol ivape.) apsl | e DRAW
mul tiplied py 100% t o} obt n‘%%{gr'A[err] '0§/A{er ]ALer ] andl %G err]ierr],
respectivel §. 30 ® BLOCKEIN e 14 sh ) e gns of j B®Y ]| M¥%rr]
-and R err] betwegn mm_nNopwovens offl é&he linventifjon ol ai ned jfrom
fibers prodfic 285 | 5 | 2GEOI Pl N0p 4,0 [NE,LAVENTJ0N|Wae g N ol YNer 1,G, |
bond curve I 4 25 | €eBhgnci;pg pgendasi s | nelyded .‘t_ahei'ei,.gg andgcont roly,,
nonwovens 47 205 obtsaifnedsfr pm fadaer sj pyReuced,sunglensd e sagre 147
condi tions muga 3P 205 s |W tgoul pojymer)c,hond curve eghdncing dgent,,
therein. Tihe, 300 o donpgri fonsygre pbigi ned Ly ¢btad i ngvaljues 4gf -
Rlerr], RlefrdsandoRilers] | 2 0H0r B pRavbven agcediing 40 the 4y
i nvention, fhg vialies| ob K ersx] 0.22 Bhery] andiRhey 1] far g contgol
nonwoven, afdsx espastii vel yf suptriactigdws 900 27 | W91/ 3765 1.35
PCT/ US97/ 04876 300 2 25 022 | eo0 | 22 {1 98 - 1.8 1.16
t he control [jved uessob rjomet He val ups axgor df n@oot Of t ke I hvesst-ijon 18 - 116 1@
obtain [err] $sery]zoand Rerjr] 2sespectdzmel yj soo 22 135 |Tablee 15 118
i I'lustratesfréeol ogecal sdgqt a #or| el askic 850 23 (st assage) z2eodyl us rand
conpl ex visfo%ity %or| varijousspo] ynexzz 5 850 addi {i vass,| améd cnpanes
this data tpcCtshat 8¢ | pel ypr dpyl gne 022 800 §i n 22hej codumms Whi gh | inga
the ratio of ¥hel pB?yviree gdditive 022 sco 22 1.35 20 1.10
60 00} -2 18 0.22 900 22 1.35 2.1 1.04
61 300 2 18 022 900 22 1.35 2.1 1.04
c62 | 300 4 12 |- o2 900 22 1.35 2.1 1.04
63 305 2 25 0.22 800 25 125 23 1.07
64 310 2 25 - 022 800 | 25 1.25 2.3 1.0
C-65 295 6 25 0.27 900 27 1.35 2.5 1.09
66 280 6 25 027 900 27 1.35 25 1.08
67 280 6 25 0.27 " 800 27 1.35 25 1.06
68 306 6 25 0.26 900 26 1.35 22 120
59 300 6 25 0.28 900 2.8 1.35 26 1.07
70 300 2 25 0.23 900 23 1.35 21 1.10
7 305 2 20 0.24 . 843 23 1.35 2.0 1.15
c72 | 280 6 0 038 | 762 45 1.65 34 _132
1 See Table 8

2 Denier Draw Ratio = Spin DPF/Staple DPF

3 Throughput = (dpf x no, of holes in spinnerette) x Take up rate
' " 9000
{Take up rate = Speed of godet rofl in m/min)
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to the pol ypropyl ene.

As can be seen in Table 15, preferred

pol ynmeric additives have a | ower el astic nodul us and conpl ex

vi scosity than pol ypropyl ene.
nel ting tenmperature of the polyners.

Exanpl es 3, WPHAH12 may be conpared to control
exanpl es were nmade to 2.2 dpf (noninally) ey -using
B. Al

ratio with pol yner

Exanples 3 and 7 contain 5% EVA; exanple 12 cont ai ns

Table 15 al S0 lists the DSC 10
Conmparison 1
exanpl e PCT/US97/0447016, Al |
a 1.55X draw
section.
3% EVA and

were of round cross- 15

the control 16 ha = AT = PAEFT B a
good CDS[err], itjo C.Lﬁs a cr,a,,,,“,,m._‘,‘,.J'nmgj;l ggrrperature and the bofdi ng
curve i s steep. hiiS2 no ®w N o w s pmrpYerent | s realized f @r [erf] with
Clerr] being 89. 1% flor” t hell20 control, and 75.5% 81.9% and{86%
for the nonwoven fac Qrdl ng ,‘_,,.q,_-q,ﬁ,,,t,o,ln,e m\{,e,ut,gan SRWEVET, at ffferr]
and at tenperaturgs & lows8x8gg nlg[aenrq;cs laeamN'&‘the: se?,ta Rg poi fpit of
‘the fibers, inproyelr ' , . or the
control, and 89%} 9g3% apd o < - - <936, 4% f Qrothe nonwoyen accordling to
t he invention, thr 25 8‘33%’;%@ |§i|m§:a$6r ]§6§£3§u§§l£td% %
Further, Cerr] i ¥ 8% fhr - ' the control, and 68.4% 85.2ps and
69.1% for the no en _ .
providing a [err]} off Ebout | _ _ 63%, . < o e ww The
control shows a §,§err "CEJQECEWHEH';QB J".émeiﬁﬁ BEEEE Faf which
CDS[ err] occurs. b3 no |nprovenent Is realized for
Werr]Alerr], wt . 5--
5032 for the non ggaccoffding to the invention. However, at
T[err] and to te gtajres 6,8°|-0Wna$l QSienrh]‘Cgbgl‘@w t;hszgrgli_img N ®
poi nt of the fib Zig&mpropenent S arfe made’ THUS, A &rTT" MNs™ 41917 35
for the control, “J995, §§ 4649 ‘and .5042 for the nonwoven
according to the il ; ey
11 to 20% Fur thell 2 | B2 L2fD2 B -coBiD| 288 TR 822222
dflges [2=225238563393558553838833
=1 B mmgz'gm_ggo ER°EEREEREREER
& _
o:
1€z, 's.s.s.:’._s.:asaas:aas:.:sassamaﬁ
D:E O 000 OO0 O0O0O00COCoOO0O0OO0OLOLDDOODLODLO O.
& ' -
(TR . .
] :w
vg“ >->->~>-XXXKKXXXXXXXXXXXXXNNﬂ{
Eit .
2
| ot > T i
5%% CrLuLnwLLOw O Qau _g %'
=g u )
©
= £ J'wsn $RacEssgd BSEX §§§i
38 2Ele o 0 o ~ mMoeNne-= wnoo qo_J'
‘-‘-257%6:»0\66 PR R - o <8
E;g-oB!-NF-Q- L T e a o - - = - - e
28288k 8 8¢ 3 2=z 22
szl novevs-avsconoenecce0ngaes
EEE 5 |RI NS RS HERRETERIAIRLER I
5 ~FNmeTnON®©O g::gsz:zfgfgeszg N9
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WO 97/ 37065
56 -
i nvention,

PCT/ US97/ 04470

6752 and 7109 for the nonwoven according to t he

thereby providing a %err]Alerr] of about 30 to 36%

* SUBSTITUTE SHEET (RULE 26)

nt

Iy

.The control shows ood R[err] due to the high tenperature
‘whi ch CDS[err]w&?E’ﬁ?“g Thus, no inprovenent is realized for FETUSIIN44TO
‘[err]R[err] wth Rerr] belng 96.4% for thé9%ontrol, and 91.8% 94% and
'95.3% for the nonwoven according to the invention. Fbwever, ' : at
T[err] and at tenperatures to as |low as 15[ err]C bel ow t he
melting point of the ge. 1us, RN err]
is 66.1%for the confr Iégand 97 3_/q, Q855% aRd, W WL Y the 105 6 o o
nonwoven according tp B i nv nt‘i"d‘n‘” “tfhereby ﬁr‘b\fi Ell‘ﬁg'a"'" Moeom s oa
significant [err] of o Further, Rerr] is 54.8%for the
control ; and 91. 1% P5ii4% and|l89% &¥at Qr tFe aonwouea.aeﬁandkng N NN E® O
to. the invention, thLer By pro |d$rﬁg a&’[err] D& aﬁaﬁu@%&&cﬁ%%ﬁ N Ng¢g
The above conparatfv tresT—as—wetHt—as—the—415
conpar ati ve exanpl es ow afle jnferesting in.that _they. v o o o
establ i sh that nonwoye g%cco dih@ Bost he pris%raﬂhnl a\gﬁtr%ﬁ FE8EES
retain hi gher cripsii-di r eclli onal strengt hs at | ower
t enperatures than th?s of - control's. IT'n other words, as
conpared to the contff g g,gthe NOPWPYENS accqnd;,r;g 10 1 Ren 20w pge
invention show higherfliSet ai npd = ¢+ 6s%- di rect i Srak 2;"..'.’-2,".’-."’.-—s$ren3t s.-s
the conparisons are. &%t | pwer and | over tenperatures. Th
t he nonwovens accor ' ' ‘
val ues whi ch are genergkllgy hi jher than [err] val ues which are
general ly higher th gg](}[ erd wglges;, Aprel; 252 5 2 2 = svalges phich
are general ly higherff tii&s % efT] val ues which are generally
hi gher than % [err] X d [err] values which are gener a
hi gher than [err] v s which are eneraITy ni gher than [err
val ues. @il B8 ur gg 22 & BsBns areg B8 B2 Ehshel 9w wWhegel
data may 30 2 afe® a8 2 |%de@g@@gP%W‘1°m$g
t he i nf or L8h prbvided in the Tabl es. Conpari sfpn
2 ' lL.es 13} 18, 40, 4T and 42 may be conpared to contjol
- D N OO O DO
exanple 17. Al wer : getoﬁtg%gpggnomnanlg)saﬂ EReas - 8828 8 8
m
n T w . . ' .
< EE N X X X X > > > X XXX XXX XXXX > > > > >
3= |
I .
2§§ CPpoVLVL OV 0o
an gu.u.u.u.:T..EE"’ n.cn.cncn-ommu.u.u.u._u.
ol
=3 |18 T Rz8R2 883888888
5§‘é:'—§@ ©C NONGN V-0 O QO O 9
2;%33: T AIJIN '~ Qe RL e
0 I EEE2E R 8
° S 83RNIR 38
Eg‘ésgawzn&zq M eKRKR@DeteOoNN B 0 B W O
s'ggggﬁmz‘aﬂ 8§ 3838583873883 333R%
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35 1.35X draw ratio with polynmer B. Al were of round cross-
section. Exanples 13, 18 40, 41 and 42 contain 3% EVA The

WD 97/ 37065 : - PCT/ US97/ 04470 - _

- 57 - : control 17 has no EVA | nprovenments may be noted in
each WO 973108hge and type of conparison as denoted i RCWESH0670.2- 14.

Conparison 3
prepared on a 5

_ G oupi ngs 3a 3b and 3c represent sanples
|'ar ger extruder &t hi gher -rates as noted in Table

3. Results may be once again be noted in Tables 12-14.
(a) Exanple 35 ' N was
made to 1.9 dpf (ingm gal | yj by using a 1.35X draw - ratiovm'Lh
pol ymer B.  Eac wof cpdicave del'ta & dss 3G 7 & + 2B@iorf SEpnple
35 contains 3% EYA. he c ntrol 34 has no EVA. | nprovenehts
may be noted in da N ard—type—of - o © wbvn%al"j S ASA) CRE
(b) Exanple 37 ndy & co Fozcantr @l 3eXa@ke BE 2 2 = & 8 & FCH| was
made to 1.9 dpf (n hy using a 1 35X draw 15 ratio wijh
pol yner B. Eac of ncave delta cross- section. Tabjes 3
and 8 shows the (i fii@Eenc g_ngs%lﬁngrgtﬁe" EBI88 3 &EHUWE DS @lpss
-air bl ocked betwgeftiexanplfes 34, 35 and exanpl es 36, 37. Expnpl e
37 contai ns 3% EYA. - . '
conparison, the fjl atlbgss of the bond 20 N curve as indicated byl the
‘reduced area is fotfl@gnerd|EFyS 8 & & 8 & Bnfr8ve&d2 Bu€ thé& Faldids HIX
Alerr], Alerr], dn err]jf are higher by about 21 to 24%
i ndi cating crossqdi | strength increases over the entire
tenperature rangq. e~ (c) Exanple 39 may be conpared to
control exanple 8. gg g o ,Eagh,\A@,sNrradg £0..1.9 dp,_f A P RAld ¥ ,&
= O
hEw Fanonoo. aooonaoa oooooQao o
Bl 8= 5555355955555 9553353553+3
Eligué |EERRBRE°°EEEEE°RE&EEEEEERER
ui _
ol - _
Efl 2. g828288R8es8BYRICSELTE
O:E o ©0 0o 6 0o 0o 6 0 0 d 00 0O o o 8 o o6 o o
@
i
Tl Ew .
v%n- M XM X X X X > > X X X X X X X X X X X X X
30} Et . .
-
<
h H -
334
552 DO OOOOLOOO oo
=ouw
“ =g 18 . . 588883588283
.5 'EA -
“ 2H B FEEEEEREPE -
e
o} 3 ] 1 [~ .
o b
_N
gcfrflzs et we o v~nvaooea aaaq
P EEEE RS EREEREEEEEE RN
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% gsaR3ses8esc8s38s88r
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ratio with polyner B. .Each was of round cross-section. Exanpl e
39 contains 3% EVA. The control 38 has no EVA. In, this
conparison, the fl atness of the bond curve is not o general ly

i nproved but the values of Alerr], Alerr], and Alerr] are higher

by about 42 tdV8?¥3T06Ri cating cross-directional strength PEfbssTiaano

i ncreases over the entire tenperature range. Conparison 4
Exanples 19, 20, 21 and 22 may be_conpared710'control - exanpl e
16. All were nade to 2.2 dpf (nominally) by using a 35 - 1.55X draw
ratio with pol ynerf= of round cross- . section.
Exanpl es 19, 20, ' 8@ 22 tontdin a conbined 3 to 7% anmount - of
EVA and PE (see Tdpl{gc® forispégific amounts). WO 97/ 37065
PCT/ US97/ 04470 - - __ : : - 58 - - The
control 16 has no er farggnce at |ower ranges of
tenperature is i &d as fdnspe seen fromreview ng the
results in Tables 12 : — - Conparison 5 5 Exanpl e
24 may be conpared tipgcontrpl, gfanple 26. Each was nade to 1.8
dpf (nominally) b Eﬁg a §¥8BK draw ratio wi th pol yner B.
Each was of round [crip8s-secfionf Both were made W th
hydr ophobi c finis stem . jExanmple 24 contains 3% EVA. The
control 26 has no Eéknpr)veu#nts may be noted 10 in each range
and type of conpar ggas dEnoﬂéd in Tables 12- 14.
Uy -~
T EE
ot
»hHW oo
A LR L
w
S
Eflz. Jss
ehE i
U
] _
& :
' ém .
M S
@ 1] B
S 5
Y3 £ 3
28 y B
OB © o &
=i & g
3 2
_ $ s
5 »E E 73
es383El. ~ . s
T EE R £
S . 2
a § 8
g @ g
8 i s 3
S o ©
. = o a
z.:‘é;*go E " f.
£¥g8g)s | 2 9 %
« ") >
3 = 5
e
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Conpari son 6 Exanpl es 28, 29 and 30 nmay be conpared to

control exanple S 25. All were made to 2.2 dpf (nomnally) by
using a 1.55X or 15 1.60X draw ratio with polynmer B. Al were of
.round cross- _ section. Exanples 28; 29 and 30 contain 3% EVA. The
control WO9B3M65 has no EVA.  These sanpl es were nmadef 24

equi pnent at higher rates. Inprovenents nay be noted in each
range and type of conparison qs’,,.ge[lot ed in Tables 12-14.
Enhancenent 20 of properties at |ower bonding tenperatures is
evident. Conparison 7 = . ' Exanpl es 44 and 45 may

round crosg-se

agent. The dat

ot her exa ‘1 es.

17.5 gsy a

present i nfen

45 each co

Cross-secti

typically §

cross-dire } 423 [

14% , exa §S |44 g8d 369 swo M5set || ls2expeqst tihessoht sl |exasp .eﬁBjﬁ)n

all of the 199 ¢onmariateve varués gdefrké [[emi] A and |[ eqi ] R acsd

indicated fysthe wakue$ s19 | 3s2 | baa Jakhes| 3d, | 18 pndeo 14.314 [Thizgy

i ndi cat es t hal boOSS] 385 470 427 S84/ B7G&ES | 482 488 437 448

PCT/ US97/ O414%0| 199 466 514 541 | 831 533 53 PO 544 535 472

directionalf stjength i$ inprloved jover fhe entire tjenperpture -

range and flhat |t heshonfl e®r eswarle 51| ft tsae " | als®o.| BsaNp| &16 517 40546 -

shows t he yalsu¢s when {hatedgt aseof] ekanpl esuU5) i $42ngr n®ek i g e dst 541 525
14 196 297 398 488 486 468 A27 446 435 -
15 _ :
c16 20.1 145 173 | . 354 2347 504 525 612 578 517
c17 207 203 348 451 530 562 €03 547 563 530 l
18 201 402 504 | 577 642 608 600 659 | 49 574 *
19 206 268 203 402 480 485 514 482 464 .
20 20.1 272 | 380 | 470 484 493 451 465 420 402
21 20.1 459 516 | 573 | 556 629 483 508 4 449
22 209 | 356 426 s27 | 560 | 578 520 | s34 482 465
23 2098 246 272 356 409 44D 409 428 375 342
24 204 | 77 208 259 330 ar2 430 354 357 367
c2s 208 285 346 304 450 467 423 344 2099
c26 197 - . 172 260 249 290 267 238
27 20.4 386 569 504 ' 680 677 757 542 s61 | -
28 20.8 404 389 503 471 | S61 542 554 470 Co.
29 21.4 293 a5 | "are | 405 | 4e0 435 a9 | as3 .
30 20.2 365 394 506 502 535 498 492 423 -
31 ) )
32
33 _ : . _
C34 16.9 . 276 320 474 518 515 570 471 452 -
35 16.7 386 | 492 510 540 560 4T 502 449 -
c36 16.7 357 473 418 534 | 517 439 519 440 -
37 181 . 463 584 535 | 600 629 615 594 673 -
c3s 16.7 303 ars 443 472 482 415 412 450 -
39 17.3 442 532 601 | 597 585 .| 604 564 625 -
.40 20.2 363 536 602 | 646 690 633 651 692 -
41 207 300. | 445 548 | 572 680 ‘610 618 - 613 -
42 20.2 427 532 434 . 872 509 574 530 . S50 481
43 | 182 509 612 641 682 | 552 -672 631 539 512
44 15.6 452 482 520 534 467 456 488 464 414

546 -
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to 20 gsy. A 14% i ncrease in each CDS val ue (in Table 5) is 5

real i zed. : . Conparison 8 -. Exanpl es 51, 52, 53,
54, 59, 60 and 61 may be corrpared with control exanple 58. All
were made at simlar rates to _ nominally 1.9 denier using a 1.35X
draw ratio. ThHEC2BH®F%1 10 contains no pol yneric boRdEfiHs70
enhanci ng agent. The I nvention exanples contain 3% of various
et hyl ene copol yners, ' as denoted in Tables 1 and 2, Although
[err]C and [err] R val ues actuall {" are negative, all the [err]A
val ues are positive by 14 o to 48% indicating CD strength

| nprovenent , e
cross-directli : {55 - NORMALIZED CR T (CRS)

Compar i son # g I acrua | c Cbs 2l @ o cpripgy 9d cbg | Ogts! f!
exanpl e 62. 1} AvERAGE (%s s@ ee@at S|@1I r @ atjesel nfo,e ngm aal yy.e 149

cross-secti gnal (ofyd® Ies 56 and

dof using 24 | vasae | gl Esch e bicteohdlsie ol e |
.
6,

17.5 gsy aby | n OpS-4ll rjec i3 -
normal i zed :: :;5 tp SYad boSl;I%f wki Bt . Tzéz on,gssol-, éLgx m%?e 62, Whs
bonded a8 85 O fL9,4 sxofabusgs-a n rpgl ifzeg, tjo 28 SY,ePdSi S

wei ght. 25 . IEa<arrpI 56 E’ccnt“zgé 5 = Y ax er; 3180 and _1,]1000 pm-
of a cso | T qggocargsg pr cess), g al.;i rf] 11;26 2(2 EXanpl e
57 s cpntgins B% E (a& 1 1 245£nd 5&8 p%of Dypatar,lerr]

FX5920A. Thg 20.4 cont olm exgqim| e 62 O t%snc nQs € erle vi njl
acetate 53 26PP0) yner jbgpd jcukye e@};armgbg ggpt |nog, amy ,or dcessi fig

aid. 30 s4 | Thegg AC and AR ygl Yesare prodtipye. | The |AAgyallugs dre .

_positive ss | 19y B to P4%; ijndigal i gy qr ogs- ¢l Rctli ogal stepaerot h
i mprovenent | s 173  PVeke {hgsentisge ferperjatyse|r angd. s 488 .

- Conparison LGy 177 410 Eggam)lsgz 70 &Ry besgg;ohpageo t Qs cOnigol| exanpl e
50. Each 35} css 208Mas] ngde| onregsSijmg@r| eqsi qmept i ntsg, |nosgs ndl las 1. Q dpf
usi ng 88 azlz 35X gsayw mat i{o.s2a [Faed Viasesmdle swi tth @1 r bum dr 0SS-

. &0 213 528 534 588 | 61 628 - 599 542 486 -
61 198 444 489 537 529 540 446 452 463 -
C62 18.7 501 413 507 441 444 438 485 446 -
63 21.2 495 | 504 506 513 | 507 470 432 280 -
64 | 204 310 362 461 492 424 442 | 366 335 -
65 203 438 421 479 548 523 478 305 478 -
66 20.4 488 643 591 ~ 580 587 558 591 524 -
67 20.3 _ - 439 464 472 474 469 476 484 -
68 20.3 205 424 417 448 463 439 414 432 ' -
69 20.2 443 455 537 539 505 504 499 495
70 19.9 456 . 5§35 637 | . 692 644 699 668 629
& 17.2 565 837 - 757 648 - 746 694 649 451 -
c72 20.4 - - . 187 214 254 298 271 283 |

** Examples 44 and 45 normalized to basis weight of 17.5 g#y.
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WO 97/ 37065 o PCT/ US97/ 04470

- 60 - sectional shape. The main difference is in the type of
finish used and that Exanple 71 contains 3% ELVAX[ err] 3124 and
control " Exanple 50 does not contain ‘any polyneric bond
curve WO 97/3T0b%t t eni ng agent. The fabric tensile val uETUN70EANPl e 71
5 _ are high, especially for nonwoven fabric from hydrophobic :
fiber. Exanple 71 used finish "W, control 50 used finish "X

‘The values of Alerr], Alerr] and Alerr] -af® hi gher by about 31 to 35%
indicating cross-directional strength increase over the entire
t enper at U GeLAngs 10 ; aopali-son..1] N =VE=Y== -
67, 68, afd 69 be TABUEFICGRPSHIDIRECTIONAL BLONGATION (CDE) (%lexanpl e ‘

wer e made @t qr o AR eI . a1
3. A . . l CD . CDE

Cross-sect .

ratio. Te c(

exanpl es [

The [err] i

Nyl on 6 i di

range. The [4§

either polye

not all pglym

enhancinglage

be conpar pd, t

rates int

was made § E ; heé e {( rgaun

- Exanpl e 7¢ eont aims 3o Eiav;#x[mrr

control 1} eohtaizme np sl Yyneesd c| - 102 % addilt iteeeq. d&aclh AC,

value is posi{ivepoingi eatijng1z2 101 108 | . 112 100 88 B2 -
10 19.9 108 117 117 115 104 96 a9 89
1 : :
12 20.7 100 119 131 7 123 103 106 ) 79
13 20.1 127 124 133 144 120 120 108 104 98-
14 19.6 94 104 130 124 121 98 98 96 -
15 _
Ci6 20.1 54 49 80 76 103 %6 | 108 | st 85
Cc17 20.7 58 87 105 112 121 128 103 105 a8
.18 20.1 ) a3 120 129 137 117 107 116 97 88
19 20.6 75 83 100 123 112 113 | 106 95 03
20 20.14 79 160 119 111 .| 104 93 103 89 87
21 20.1 121 121 136 123 | 132 109 108 82 as
22 200 0 | 109 | 118 128 128 114 102 | 89 86
23 20.9 100 102 129 124 142 124 114 101 88
24 201 94 92 98 114 118 109 87 83 ‘80
c25 20.9 7 85 78 .94 100 75 69 61
C26 19.7 76 83 8s a5 81 73
27 204 83 93 102 99 99 o7 70 69 “
28 208 99 99 110 101 112 103 100 B1
28 | 214 82 111 [ 109 85 | 102 91 82 | 8t
30 20.2 86 94 111 108 110 94 1 | 73
31
32
33
C34 18.9 77 85 104 8 | 103 95 B5 | 81
35 16.7 94 112 114 | 109 109 87 B4 | 78
c36 167 89 o6 94 |- 110 95 84 87 75
37 18.1 a2 100 103 102 105 90 B4 74
c3s 16.7 77 85 100 106 87 83 80 83
39 17.3 97 99 - 99 118 82 102 94 85
40 202 98 129 128 122 124 119 112 109 84
41 20.1 44 102 112 . 114 129 106 110 97 82
42 20.2 96 | 107 94 108 97 106 88 89 79
43 : 1%‘2, B6 99 98 100 95 JO=Z : . 88 - 1] 60
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bond curve enhancenent by CDS i npr.ovenent over the entire 30
tenperature range by shifting of the peak tenperature maxi num

and by flattening the curve in general. The [err] A val ues are

shown in Table 13 to_increase by 21 to 44% connal| 3.
~The [err] A van?e%?""&‘f‘sexarrpl'es 27, 40, 43, 46, 47, 70, and 7%@&9&%
exceed the best conplete set of [err]A values of all the controls.

For [err] the best control value is 6114 f r7%m_control sanpl e

WD 97/ 37065 : . PCT/ US97/ 04470
-61- - ~16. For [err] and [err] the best values are 5453 and
7716 from e : 5¢ N LS| 3G Jana - :

contain 3%

3% ELVAX[ er
3% Nyl on 6.
A much | arg
control whe
addi tion tgthej exasg
27, 37, 39,
| mproved *|
i nventi on has4 heentsdes r @doer
materi al s nbogHaner 0 1fae
invention ijsedt limitdd oo thes. { 118 |- ar 84 clul & s} dirsc| osed|and
extends to falsd {equissal gnt & Wit led n| 154 t e scepel okt he 18l 4i ns.
48 20.3 85 77 91 91 82 72 74 .
49 21.0 88 121 130 107 103 88 98
cs0 19.0 7™ 80 100 87 50 83 73
51 0. . 7 103 95 102 87 | 79
52 204 -1 oe 82 %6 101 89 83
53 201 - 102 $15 108 1] 84 87
54 202 - 100 97 107 95 8 - | 77
55 18.8 - a3 80 101 25 93 95
56 173 85 94 100 ’ 114 117 83 72
57 177 97 97 16 98 87 8s 87
C58 20.5 124 132 114 129 104 B 99 o8
59 20.7 116 129 118 134 108 - 96 77
80 213 11 103 114 115 a5 87 75
61 19.9 104 113 113 100 85 85 85
ce2 197 100 91 102 82 84 73 83 i
63 212 135 143 134 118 103 85 73
64 204 103 88 123 74 ag 84 68
C85 203 132 132 118 | 127 120 8s | 104
66 20.4 83 85 108 103 96 a8 - 82
67 20.3 - 110 | 121 | 108 o7 92 93
68 203 66 88 85 ' -1 87 73 79
69 20.2 123 116 127 117 108 96 98
70 19.9 0 101 | 120 102 104 103 97 -
7 17.2 80 89 102 | 83 78 7 | s3 .
Ler 20.4 . . - 4 71 89 71 85 60
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WO 97/ 37065 - . "~ PCT/ US97/ 04470

- 62 - [err] WO 97/ 37065 : _
PCT/ US97/ 04470 S+ - 63- [err] " WD 97/ 37065 .
PCT/ US97/ 04470 - . _ -

' WO 97/37065 - : ' - c PCT/US97/04470

- "76._

. .

TABLE 7-NORMALIZED CROSS-DIRECTIONAL TOUGHNESS
' (CD TEA) (g/in per inch)

EX. ACTUAL cD
AVERAGE TEA
| FABRIC @
WEIGHT 172°C
| {__(ovd)
1 _
2 198 | 23 222 243 216 154 106 B8 %0 87
3 20,0 133 2857 274 255 270 235 176 168 153
4 19.9 154 285 273 02 | 244 224 157 197 158
5 204 167 210 226 254 308 318 248 "240 207
6 203 . 185 217 284 278 272 205 279 | 262 198
7 19.9 194 302 301 245 306 288 196 149 176
B 204 - 182 158 177 162 214 220 155 128 87
9 200 214 278 225 272 205 249 | 210 191 188
10 19.8 265 | 311 333 32t .| 208 | 260 282 251 179
11 , -
12 207 188 203 359 326 3sg 246 285 276 165
13 20.1 272 207 354 432 345 352 at2 298 280
14 19.6 150 213 az7 318 297 216 |. 230 220 -
15 '
c16 20.4 42 44 145 138 272 261 3 274 189
c17 207 63 156 249 303 346 401 289 300 269
18 20.1 200 314 383 448 373 340 st 277 263
19 206 105 |- 125 209 308 | 2718 296 270 230 214
20 20.1 113 185 290 279 m 196 250 266 180
21 2010 | 283 331 401 358 | 428 287 284 177 210
2 -20.9 7 245 | 330 374 383 3N 276 218 204 ﬂﬁ
N 209 131 | 47 241 264 328 285 | 252 198 155
24 20.1 86 100 122 | 196 231 240 163 153 151
c25 | 208 122 | 154 125 220 | 245 168 125 97
c26 19.7 70 86 14 142 92 76
27 20.4 172 | 28 326 | - 362 asy 386 206 200 -
28 20.8 21 202 | 289 | 285 330 203 294 203 -
29 21.4 132 280 272 184 | 256 207 178 201 -
30 20.2 127 188 195 292 285 3 245 234 165
31 :
32
33 . .
c34 16.9 112 144 256 27 274 285 214 210
35 16.7 . 184 | 289 | 310 3ty | 322 231 227 | 200
cs | 167 168 240 | 207 307 262 199 246 181
37 18.1 29 | 319 266 326 351. 291 266 224
c3s 16.7 122 68 | 228 | 262 212 180 174 200
39 17.3 229 283 315 arz o289 | 3m 203 2684
40 20.2 184 355 400 412 | 452 385 | 382 34 258
a 20.1 122 234 ‘319 | 339 458 343 354 315 298
o) 42| 2202 | 25 292 | 215 324 255 314 | 242 250 195
T - 2. 217 330 - \ 202 .1 176
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TABLE 2 - COWVPOSI TI ONS

. 64 - | o | (BY VEI GHT)
EX. PP w. % AGENT w % | AGENT w % -
STABI LI ZER ANTACI D - Pl GVENT PP. ) 1  AGENT 1 2
AGENT 2 1 Wwo97370689. 8 - E : 10 - . . 'PCT/US97/04470
0. 05 0. 050 0.063 2 C - 94.9 E 5
0. 05 0. 025 - 0.063 3 B 94.9 T E- 5
. 0. 05 0. 025 -07063 4 A 94.9 :
E 5 : . 0. 00 ' 0. 025 0.063 5
A 94. 9 E L 000
0. 025 0. 6 AlRsLE 7-HORMRGZED CROSE-DIRECTIONAL TAUGHNESS
.5 | 0.0 0. 025 0. 06(§DTIZA)( Bch) 94.9 E
94.9 - F EX. % % gcea %OE % %ﬁ) 2%
0.063 9 B E
0.05 . 0.§025 -Qs?-c 15%0 159-c9 1s$cE isgc 1s§-c 17%c
: e 00 B ﬂé=
E S | a4 156 | 229 238 270 | (esO5 208 Q98025 187, 183 0] 0G&
12 B . | 86.19 474 |E 26 307 | 3w 362 314 68 | 251 ws |0.05{
0.025 0.§0G8 | 13474 7 | 396]9 454 auE | s Ik 267 224
0.05 0.024 4 25063 b4 | 381 B 337 | W 8 347 | Bes 385 Js .
: 48 2305 | 1es | 046850 24 2191065, 15 6 B | g9 9O
G S | 4 24:0 145 275 | a2 S 281 | 952085 205 249- P63,
C 16 B 99 100 148 185 | ~281 285 242 | 252 | 222 178 0. 08
0. 025 4. 663 Cok7 Bl 215 9928 276 206 303 | 23 207 ;
: 0.35s2 - 20 0%5_ . 2660] 0@g¥ |1Gso By 6 96.28 281 F
3 ' 53 20.1 . 02605| 242 | Qo5 338 263. (6328 19 249 | B .
96. 9 E 54 20k - 2% 217 242 206 | @Qws0p 207 37 0p5 .-
0.063 20 Bs 1992.9 . s 221 2283 a1 adk i 300 w7
0. 05 0.f026 173 0.|106B1 {21250 B 315 93. 82 %7 |F 234 | 188 P -
J 4 57 07205} 210 | 0182p 323 3500).]J06&8 P2 170 18 202 9P. O-
E 2.3 css 20l 22 U 7 247 G0y 288 @025 201 209 0] 063
23 B 86.10 =207 E 280 aso | 3318 396 | 450 | 322 264 181 | 0. 05
0.025 4. 63 223 B 2919p. Q66 420 | 384 31 B 253 198 .
. 0. @581 1990, Q2345 20| 068 ¢ 2% B4 200 9928 210
. cB2 19.7 258 01995 n 208 100195 1%. 975850_ 2619 B -
'99. 8 63 212 345 369 360 363 311 gsof 193 W 1b0

0. 075 27 BS4 gé 9 201 ] E172 302 ?” 214 .242 167 127
0 05 ol8 203 0@% Jg 288 B2 379d g4 305 188 258

’ 0 &,553 20.40 (2§47 ] 2390 0623 49 34 | ED 29393 05 231 E .
3 e 203 - 0%B5| 2 | 3% gos®? 250 ) Ogg 30 3¢ B
96. 9 E I 68 20 73 ig 194 | 217 23 §1205 N 1@5 b5
0 0 63 31 Bss @3 9 281 7; 353 374 304 83 250 256 -

' 198" 7 2 14 337 372 358 311
0.00 0 02)5 172 0 Oég 32 300 %:9 2099 Sag7 207E| a2 136 3 .
- crz 44400 . Q. OpP5 . 500-/063 94 112 100 90

** Examples 44 and 45 normalized for basis weight of 17.5 gsy.
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33 . B E 3 0. 00
0. 025 '0.063 C 34 B . 99.8 .
0. 05 0. 100 0.100 35 B 96.8 - E 3
. - 0.05 0. 100 0.100 CG36 B 99. 8
- WO 97/37065 0.05 0.100 0. Pa9nf3%04470 B
96. 8 E 3 0. 05 0. 100
'0.100 C 38 B 99.8 - -
0. 05 0. 100 0.100 39 B 78 - 95.8 E 3
0. 05 0. 100 0.100 40 B 96. 9 K 3
0. 05 0. 00 0.063 41 B 96.9 K 3
.0.05 0.30 [ep——t—6fp=—s = 96=5 K 3
0. 05 0. 30 _ 0.068 43 B 96. 9 K 3
0.01 0. 05 E oofpRa@r B ® 98GR K 3
0.01 0. 05 2 007485 B Y 987 K 3
_ . 0, 01 0. 05 0. 075 |46 B 96. 9 :
K -3 B 0.01 0. 05 WD
97/ 37065 = o ©
PCT/ US97/ 04470 = A - 65 -
TABLE 2 - COWPOSI T| OlS (BY {EI GHT)  EX. PP wt . % _
AGENT wt. %  ACGHNT [mmmttem=ilos STABLLIZER ACI D Pl GVENT PP
1 AGENT 1 2 AGENT 2 47 E 96. 9 K
3 - @ o m 0.0 Q. Qs 0.075 48 B
96. 9 K = mwe e s B 56 0.01 0. 05
0.075 . 49 B = 964 K 3
0.01 0. 05 =0 0]
gé - - @ © o -~
zZ y, 558 & 5 § 8
om [~ TN -~ T -1 o, o o o
ligqg
Q jp==——=
Egg oo o ] o o
Sl o 888 -8 B8 e 8
ale % 8288 8 8 8 8
ol w
E
Wi . .
ﬁgﬁﬂcm-— [~ 1] 3!0
Zid 2 g1lssg & 8 s 8
4 w ©j]e o o o. o o o
%5.: .
LY | ——
wy -
séﬁ*vvm o~ < < =
Flg £ gz & 3 &3
=5=ooc o [ o 9 ©
g 2
| —
B L 1 W
5% 223 S383E 22
T 3 £e§ 8388 s 2 8
RE . |
2 288 & E &
i g8 & B
g : ‘
-4
o
o
g - N ™ «r n w o~
z
=]
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C-50 B 99. 8 . - _
0. 05 0.10 0.100 51 ‘B 96. 9 M 3
0. 05 0. 05 - 0.06 52 B 96. 9 : L : 3
. : 0. 05 0. 05 0.06 53 B 96. 9
N 3  WO97/37065 0. 05 0. 0BCT/USTI4470() (06
54 B 96. 9 0 3 : |
0. 05 0. 05 0. 06 55' B 99. 8 - -
0. 05 0. 05 0.06 56[err] - - 96. 9 E
: - 0. 01 0.05 - 0.05 57[err] - B 96. 9
CP;_ 58 35 ~ TABLE 9. REGRESSION DATAAND RESULTS ) |
0.01 5§ Rseness.ouo 075 B “096. 9 # H I 3“
= 0 05 . 075 0 B 9649
E 3 .'“"GE | d. 01 0. 05 0. §75
61 B | : K REGRESS . :
0.01 ° l 075 62 COEFF- | Tp(*C)
~ | 1 -26604.33" 328.863 | S 0.953 . 7
J 10 o 4ag | 1eo -9215.49 129,622 qQ. 02,4358 ¢bod O] 1488 | 1630710
64 B 89a’ | 160 -31622,39 402.497 <1.2603 0.907 1597 | 163
0. 05 0. 010 148 169 0 10 253555 457 bso? 1584 { 163
?' 05 0. 45 148 1@9 g5065 -2249 §10 05 217 9@0 11 b7 058 1626 | 16 g 9
R 5 6 e 169 -12288.51 154.851 q. 0906 om24. Bess | 1 bes
63 B gdesy| 169 2091425 | 270828 503555 PS5 | 1spr | +d
0. 05 0 QS 148 159 065 -1411692 85.660 0.784 156.0 1523
o Vrel” e Qs 1476, 50633 | Ouég-/ 0822 geoo | el
P 3 ::! 1:: :6: -7842433 4 103.283 q 050 80 CbSOZbS 162.4 :% @ 65
8102 ' B dz 85489 C—‘?Z P 'C-'issos.u 89*3 238.885 7379 0.798 0 1619 | 162 0'_
0.2 0. f;\o o] Jo. 0o Tt 1 2B e% g0 it | 9
b1 VL T 61.16 .?:s duéesﬁs ; (3
Hydrobrits 5504 Pdil| ga allab e rom W £Co CCpora on gengw ¢
Connect i cutft) 9| & e 56 i icludes [0. 10wt . 0 marl erf]'®
FX5920A (a a‘:’11 bI'® 1r Fﬁ M Sp Dty F ﬁﬁr‘%’pd»l yﬁoes?" D{ept =2
3 Exanpl e 7 %"Hci'tfdes ! 5 wt /o Vnanai [51917 8 EX5920'A (aivalgf’abl ety oms
Specialty Bl udfjop® ymiPs Dept . . Palll X7 -1.2993 19131 163
_ 19] 148 2718334 238,401 -1.0340 0.972 1636 | 162
200 148 169 -33343.88 420,862 -1.3086 0.960 160.8 | 164
21| 148 169 -32387.87 418145 |  -1.3258 0.890 1577 | 164
22| 148 169 | -33679.97 426.504 -1.3279 0.986 1606 | 164
23f 148 1689 -25516.43 319.750 -0.9852 0.968 . 162.3 164
24| 148 160 - -22399.42 276.977 -0.8419 - 0.950 1645 | 163
c250 151 172 -34262.00 427745 | 13186 0828 | 1622 | 182
C-26f 157 172 -28878.05 348.624 -1.0424 0.955 - 167.2 163
27l 148 169 -51883.10 657.188 -2.0535 0002 | 1600 | 1823
28f 148 169 -20911.63 264.578 -0.8160 0857 [ 1621 | 183
20| 148 169 -16471.30 210.436 -0.6537 0.593 1610 | 164
30] 148 169 -29873.29 - 379.916 -1,1871 0.852 160.0 163
31 -
32
33
c34| 148 169 -36379.04 455.499 -1.4050 0.949 1621 | 163
3s| 148 169 -26371.92 .~ 338.007 1.0613 0.884 1502 | 182
c-36] 148 169 -20889.29 266.513 -0.8300 0.734 160.5 | 163 .[
37) 148 169 -19430.69 248.565 £.7705 0.876 1813 | 182
. c-38] 148 169 -19876.65 252.172 -0.7817 0.854 1613 | 162
30| 148 169 -16255.93 206.971 -0.6349 0.862 163.0 | 163
401 148 169 ~31419.95 .392.814 -1.2014 . Q.944 183.5 163
41 148 169 ~39380.86 - 491,564 -1.5087 0.974 162.9 162




WD 97/ 37065 - ' :
PCT/ US97/ 04470 : - 66 -

TABLE 3 - PROCESS CONDI TI ONS - FI BER DEN ERS EX SPI N SPI N CRGCSS
“THROUGHPUT TAKE SPI N - DRAW STAPLE DENI ER
“TEMP | D WO 97/81063/V [err] uP DPF | RATPCY/USY 70RO
DRAW ([err] O BLOCKED ' RATE (g/ 9000m
(g/ 9000m)  RATI O L i %m‘r) (m ni n) 1
303 1 ' 25 0. 31 - P 0' 3.6 1.52
3.0 1.20 2 315 1 : 0. 27 900
0.27 . 900 : 2.7 TABLE 9- REGRESSION DARTAIAND RESULTS 1. 29 4 3 tl_5
1 REGRESSIONZ ' '
1.28 5 25 ol 27
1.53 el 25 6 B15 1
900 2.2 1.p4 7
25 765 c, 2.7 e, 1§55 ¢,
g’ ) 21?3 o' 25 pgReE0sss  oof Sdoars | ooRy
_2' g " 148 2153l -8525.7 - 1]!46435 2-@.5627
148 169 -23726.9 306.358 -0,9631
g 26 0145 169 g 7 271164 085 350,120 2t -1.1007 1
1. 23 169 5 210505 270.44 h 2?8374 '
1.54 148 169 1121 -10_??‘)5.55 295133.874 4-0.4122 ]
900 : 148 116%5 -302?:‘!1 383.810 1 08~1.1953l4 0. BSSOO 160. 264
25 168 850 -33648.98 2 7 426.340 i} 53.3284 2.925_ 160.5 |- 1641_ 15
15 151 188 | o5 2619751 0339758 102310 0844 o 1616 184 4 54
2.4 . 2‘7':1 a- 1‘69 295—30&27.88 - 2 388.854 ZP -1.2012 DE’1§27 161.9 1649 0
2 7 el 151 189 2 -14060.6] 01 |C-11620 | 2B 5636 2 0.660 16198 162
0.23 60 (51 169 2| 3 2979229 36 a7rosp |y 11728 044615 1688 | 16325
2 154 169 0l 23 -22851.77 oQ(Q 281808 P 2-0.5529 1 ogzg 1652 2 _1@
1.12 5 148 189 -3458%.61 442.:'@§ of7 -1.3862 o085 159.6 ) 7163
1.55 148 169 1| 17 2@720285 oQf 347.082 D -1.0885 2150646 159.7 () 1887
900 148 116%5 -10921.98 141.792 1| 1704429 Xs L8 160.1 | 163
25 91D 7148 165 DOQ 3500358 D 71 448708 || 5514137 10891 1587 | 16p 4D
' . 148 169 -20577.24 382.166 -1.2088 0.925 158.1 163
148 169 ~16159.64 211.697 -0.6717 0.730 1576 163
145 169 -5978.25 80.683 02525 0.412 159.8 183
148 169 -14798.83 198.218 -0.6414 0.991 154 5 164
148 169 -33583.39 428356 -1.3536 0.921 158.6 163
c65] 148 169 -16144.94 209.551 -0.6597 0.576 158.9 164
66! 148 169 -17412.26 : 225.585 -0.7066 0.887 | 150.6 164
67| 151 169 -3353.05 45952 01377 0.900 1669 165
sah 148 169 -30872.62 388.971 -1.2068 0.863 161.2 164
69) 148 169 -13334.29 173652 -0.5402 0.800 160.2 164
70l 148 169 -32172.35 406.497 -1.257 0.965 1617 163
71 148 189 47237.48 - 608.607 -1.9302 0.891 157.7 164
[L_c72l 187 175 -20085.25 239.322 ~-D.7035 0.974 170.1 163
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2 - 295 2 25 : 0.27 900 2.7 1.55

2
1.9 - 1.42 23 305 - 2 . 20 _ 0.31 - 1130
2.5 - 1.35 2.2 1.14 24 305 2 20 -
0.31 1130 2.5 . 1.85 1.8 1.39 CG25 = 297
7 25  WO9737065) 35 1100 2.9 1.55  PCTIUSH/94470
1.32 C- 26 305 2 25 . 0.32 1100 2.6
1.90 ' 1.8 - 1.44 27 305 2 20 0.34
1130 2.7  1.40 2.2 - 8123 28 305 2
20 0. 34 - 1130 2.7 1.40 2.7 1.23 29
: 26 PRt
~ TABLE Q)
Cu
_ . 0
.30 6%13&
. 60 . 2 01, - 883 1 .
1220 2 z 3 151&6 35752. ’1 457.3 75.51 0?9%5 68.4 36?0 499.7 _ 321\.6
20 . 9 30 ¢ 520.4 1220173 2490.7 80.2] 4@43 82.22_ P 4983 40361 100
C 36 300 sé 520.4 48B3 440.7.0. B0 823 847 [12B65 5202 P 336 1. 40
2.1 1. 06 {375262 |3@3p4 4488 911 1j0 838 703 (. 304 365.9 20
2.2 - 1. i’O 7 2 ® 386.5 lead® C{ 3819 | 300 | 852 2 4515 Abe
0. 30 220 g| 36292| 3033 L. 484 gile 9 o974 922 11164139] 31483
i 05 40 20 95 o| 430] 4208 ,5122597 aPs 32 95.6 Jse:gg ) 4797 2-4202
1 35 1%19 ::) 54k 1 léﬂil 51§§5 oy ) 948 _67.25 5438 4 8’ 4
900 242 1.35 149 16 42 310 2
o5 d oo 12 5278 g () 4540 425% as.ol 3864 6.1 § s278 | 36471 Wi 43
300 - 5 13 | 1 5683 4934 (o 315046 868> 0l 88.8 T 3f 567.8 | 4159
2.0 1. 159444 4143 BoQ@262 3554 787] ¢ 882 680 ()| 34086 21781400
2.3 1. 3] 151 2.0 1.15 WO 974 37065
PCT/ US97/ 04470 c16| 6344 565.3 2873 89.1 453 21.8 527.9 1151 - 67
- c-17 | 5892 4331 THGE B- PEOESSs QONRIL4TI P\lﬁs.s - BdoR
'DENI ERS '} 18| 6388 509.3 5494 | 797 | 860 | 845 6351 | 400.4
18 498.1 394.7 358.1 79.2 7.8 4238 495.3 211.9
20 495.0 3641 434.3 73.6 87.8 64.9 4816 3126
21 581.8 4493 563.8 772 | 969 91.0 5§29.2 4816
22 566.9 4342 509.2 766 898 | 704 551.5 388.5
23| azrs 329.0 3616 770 846 60.5 - 424.2 256.5
24 3813 257.1 270.1 778 70.8 40.1 379.5 152.3
C-25 ] 4273 295.5 2875 €9.1 67.3 278 4272 118.8
c-26 2707 166.5 44.8 615 16.5 544 2475 134.7
27 697.4 492.1 607.5 70.6 87.1 624 | 678 4203
28 534.9 4533 L ans ga7 | 881 71.0 533.8 379.1
29 | 4643 . 3989 4279 859 92.2 78.9 460.1 362.8
30 5235 404.8 469.9 773 808 70.6 510.7 360.4
31 ' L
32
33 _
c-34 5380 | 3985 4326 739 80.3 513 536.6 2753
35 540.6 4344 4502 80.4 90.7 736 530.3 390.5
c36| 5050 |[. 4220 4612 836 91.3 76.2 498.7 3802
37| 6181 530.1 ' 551.8 875 | 898 75.1 . 6156 4623
c-38 460.7 3825 398.1 830 | 864 67.1 459.8 308.7
38 611.7 5482 549.9 89.6 89.9 7.4 611.7 471.4
40 688.9 568.8 5632 8256 817 595 | 6889 410.2
Y 649.5 498.6 4796 768 73.9 434 " 648.9 281.8
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CRGOSS THROUGHPUT" TAKE- - SPI'N DRAW

EX. SPI N SPI N
STAPLE DENI ER "TEMP - | D . BLOW (g/ mn/hole)-
sooen O Re (grecoom (§/ 5000m
RATIerr] WO9133065 295 5 ’ - 16 0. 3%’CT/US97/0441!)226
2.3 1.35 2.0 1.17 46 295 5 - 16
0.31 1226 - 2.3 1.35 2.0 1.17 47
295 5 16 0.31 - $226 2.3 1.35
2.0 _ 1.17 48 295 5 16 0. 31
1226 = e " m——— ] 49 . 2
20 1226 2.%BLE10 1.35 2.2 1.06
C- 50 300 > =T F>20T T== 7
1.35 _. " cos, | qusee ILSPDS»» 305 | ¢ % o | ons. - 0.22
900 2 : 1.9 T _ 1. 16 57 30 2
25 | e g | 4sd.7| e | by M2 | o5 1.35
53 - 300 4P e518 29.0 soas - . B | o34 #@0 | 634 P. Biso _
1.35 .9 45| so008 [L.k6Gs | Sdasos 306k | 803 e39 &hs | 426 || 0.22
900 212 45| e3535] 306 11.Oso78 | sao U Lo | B 62220D s132 |2
25 0.2% | 7258 WG 8822 2| gas | B4By w24 | 1718 sess || 1- 16
?6 35 300 5 @ P 7553 ! é 5 | g9 0 60 916 &0 3:%.9 - 377 0. 22
850 ofz | %5 s 1. 9*%2 i i 53 | B%g| Bo3poeet | 2
18 0.22°] 554 | 3%4 19 2] T8 | PSBg 0T 45083 321§ 9 15
59 300 c-50 D §58.7 i@ 8 505.6 .0 2 26.2 80.5 yGO 5407 p 2884
1.35 .0 51| 582 §| 39S | gOeos |36 | ses g 720 2Rs o | 0.22
900 22 s2 642235 5221 |2, 1ses.3 813 1|. Géls 8 636.30D 4457 12
18 0.22f s71.1 | 9Q0 525.2. 2} s0.1 »1.89 so0s 2s7l.6 4599 1.04
CG-62 30 s4 | 4 5105 46k 4477 07242 | 882 83300{ s140 | 23286 .
‘1. 35 .1 55| 6261 (L Qfbs | 6340 3ex | 7979 601 &9 3736 0.22
800 205  sg ) 642529 asas |2 35234 766 4 Gda | 4 500810 3009 |2
25 0.221 st64 ) s O ) Ias 3oid e 25075 354.5 1.10
%’ gg 295 G| a%s | 3 4044 és 94.8 % 0 7 3650 0. 27
900 7 sa| eoig oFT 4600 | , 5854 765 |1 9p| 847 | S7B3gh 438s 6
o5 0 2% | e85 | oppe “'ser4) 41 808 fs.qg§ 844 b 5992 505.8 1.06
68 306 61 | 5203 933.1 562 2@'.1 973 | oU6 5006 b @568
1. 35 p oc62| 4670 || 208 | gosss5  Boess | 9s ¢ . %30 pas 4321 0. 28
900 ng 8 83 51538 35 4513 2.45.3 87.6 {11007 108720 457.8000 4959 2
25 0.284 | 4641 06MH.7 4a21.2.3] 708 | B0BY 713 24318 3120 1.10
71 305 c65 P 5022 2432 ase O} 2dso | 989 | 93 4847 . 8.1 1
.35 . 2. OLL 66| 5025l 155218 G 72701 2BOggs | o8B ses | Oszeo i s127 0. 38
762 . .5 g | asck OP sees | 3- M3 | era le? | ¢oSeR &ablp 852 {Denier
Draw Ratio = Spjh QRE/ Saple OPF 0y ~ | 743 | ess 634 4605 | 2919
89 | 5248 470.9 504.3 897 | 961 88.5 517.0 4575
70| 6916 565.9 596.6 818 | @83 66.1 689.4 4559
71| 7 5441 695.3 738 | 943 817 682.0 557.3
cr2| 2884 218.0 B2.8 755 | 287 . 253.0 -
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3 Throughput = (dpf x no

97/ 37065
PCT/ US97/ 04470 -
PCT/ US97/ 04470QWO 97/37065

of holes in spinnerette) x Take up rate
9000 (Take up rate =

Speed of godet roll in mmn)

. 68 -

69 -

[err]
[err]
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O 0 N O N s N

P S O S
N & 0N = O

c-16
c-17
18
19
20
21
22
23
24
c-25
c-26

2613
3636

4895 -

5117
4850
4884
4649

3573

4836
5351

5042
5487
4017

4191
5086

6138

4439
4798
5686
5525

4004

3388
3793
1835
6750
5162
4549
5101

5080
5279
4938
5966
4420

5914

8460

2814

30915
4716
4860
4913
5106

4435

3430

4693

5333

5032
5433
3850

6114
5372
5956
4636
4513

- 53Ty
5227
3947
3533
3834

5077
4425
4839

. 4821

5052
4173
5005
4347
5805

6489

§212
6468
8562
5885
8692
8327
7797
5659

4481

4837
1432
9362
7308
6540
7201

6879
7503

7058

8517
€203
8480

- 8919

661
86.3

96.1°

89.1
96.9
97.7
97.5
g95.8
88.8
88.8
60.4
96.8
96.5
98.0
974

94.3
97.7
97.8
86.8
95.8
96.7

93.8 .

95.9
98.1

953
956
92.9

96.4
81.2
932
93.1
ot.2
92.4
92.2
923
925
8g.7
87.2
90.2
94.9
55.3
924

913
935
945
95.8
94.3
96.5

94.2

67.0

92.8
1.1
947
885
376
95.4
96.6
86.2
96.1

898
9.6
0.8

§4.8
732
89.4
78.8
80.1
95.4
81.7
88.3
78.0
75.5
35.3
B9.5
'91.0
83.9
81.7

85.1
92,5
83.2
922
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924
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WO 97/ 37065

[er.r]

PCT/ US97/ 04470 - .70 -
WO 97/37065 . PCT/US97/04470
- 84
 TABLE11 I
EX. An A Jl Ay R, R, R J
£ 5894 5092 7829 90.8 923 80.4 _l
42 5266 5361 7620 96.1 7.8 a27 |
43 6409 6161 9247 98.4 94.9 946 L
44 4977 4887 7369 99.4 976 981 ]
45 6263 6038 8061 98.5 5.0 o |
46 7148 8891 10341 98.5 94.9 95.0
a7 7367 7274 10608 97.5 96.3 9356
48 4818 4803 6985 97.6 7.2 94.3
49 5020 4785 7080 97.4 923 916
c-50 5453 5144 7716 97.6 92.1 92.1
51 5212 5011 7384 97.4 93.6 92.0
52 6228 6022 8791 g7.0 838 813
53 5572 5523 8045 976 96.7 939
54 5004 4804 6964 963 925 894
55 5747 5976 7946 91.8 95.5 848
56 5751 5463 8oes 871 82.2 90.7
57 5018 4799 7076 872 83.0 914
c-s8 4210 4118 6135 987 96.5 958
50 5889 5542 8406 97.9 922 932
80 6184 5882 8967 98.4 936 g5.1
61 5146 4979 7572 98.9 95.7 97.0
c-62 4641 4586 6866 99.4 98.2 98.0
63 4973 4941 7514 965 95.9 87.2
64 4523 4190 6386 87.5 90.3 817
C-65 4967 4802 7202 98.9 956 96.8
66 5863 5689 - 8585 98.0 96.0 96.6
67 4730 4760 8890 ‘884 990 97.0
68 4546 4301 6322 96.7 91.4 89.6
69 5197 5069 7613 890 966 96.7
70 6640 8497 9297 96.0 ‘938 896
7 7208 6728 10380 7.8 g1.3 a3e
= —2p49 1%*%
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[err] _ WO 97/ 37065 '
PCT/ US97/ 04470 - 72 -
TABLE 5 - NORMALI ZED CROSS- DI RECTI ONAL STRENGTH (CDS) (g/ln) EX ACTUAL
CDS . CDS CDS CDS- '- CDS CDS CDS - CDs
CDS AVERREIBT65 @ @ @  PCT/US97/04470
@ @ @ @ ' FABRIC 148[err] C
151[err]C 154 C 157[err]C 160[ err%C 163[err]C 166 C
169[err]C 172 C VEI GHT (g/ (g/in) (g/in)
(g/in) (g/in) (g/in)  (glin) (g/in)  (g/in) (glyd[err]) 1
20.0 : : S5 250 S5 265 '
288 293 2 19.8 388 TABLEDS 416 418 |
339 26 289 Z 229 3 U.0 3UD N
463 49 Comparispf4 Ex. 06 Cm _ AC C C,
19.9 % 78S A0 |
456 41 5 §:18, 453 242 15891 423 21872
541 54 1489 I 3 480 sso |4424376 | 755 20. 31ss 369 | s
409 51 520 ﬁ05 455 540 SK olUb 7/
119.9 58 4g0t 46%2 Rpg 1 2480 T2 l4ga%2 | 8%
371 40 8 4 319 52 3 19 |
370 393 T ) )
470 427 484 L&V 305845 482 ABG 17 714 448
10 19, ¢ 464 13 S514ss ) P31l 133 933 734 53
544 534 A7 TT 17 20,7 35 61 5TY
510 544 2451 18 mﬁ@ 86.0 51 721.5 ABE 6.2 64.5 - 374
: : 40 81.7 17.3 826 9.1 59.5 32.1
41 73.8 9.4 76.8 33 434 16.0
C-34 80.3 _ 739 513
3s 90.7 10.4 804 6.4 736 23
3 c-36 91.3 838 76.2
37 89.6 -1.8 87.5 3.9 75.1 1.4
c-38 86.4 810 67.1
|
C-16 45.3 89.1 218
19 719 266 7.2 8.9 428 21
4 20 87.8 425 73.6 155 64.9 431
21 9.9 51.6 77.2 119 81.0 69.2
_ A
5 c-26 16.5 61.5 ~54.40
| c-25 67.3 69.1 27.8 l
6 28 88.1 20.8 84.7 156 71.0 . 432 "
29 922 249 85.9 16.8 78.9 51.1 “
7 i
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13 -~ 20.1 416 464 518 580 542 562

551. 541 . 525 14 19.6 - 297 398 488
486 468 427 446 435 15 Cl6 20.1 145
173 354 347 - 504 _ 525 - 612 578 517
C17. 20wWD 97137065 203 349 451 530 PCTRS#7/04470 603
547 : 563 530 18 20.1 ' 402 - 504 577
642 608 600 659 549 574 19 20.6
268 293 402 480 46686 - 511 492 464 20
20.1 272 360 470 - 484 493 451 465
420 402 21 20 1 459 516 573 5BA
629 3 : 508 411 : 356
426 5 5 G T3
:23(;5 9 2 é@rnparison ) 7 2Ex. 3@,.6 >
372 - 0 39k c-58 35p4s8 367 [C25896 20.9 856 1
285 6 3 450 467 42 344 299
C26 _ 7 51 89.8 -5.0 80.8 79 8.7 _ 2%%'? -13.2 AQ
290 67 23 27 ags 20- 4 42 388 53069 700 D9 158
680 q77 7 542 5641-—8 20-—8— 40
389" 503 8 47X s3 56k18 4?2 9015584 o5 470 eud9 -5.0
21. 4 : 293 4706 70 130 I35 09
463 30 20. 2 it 54 364 8.2  1394-86 5084 '15'0_% 635 53p -221
498 492 42 1 32 C34 .9 476 320
474 Jl 8 5 55 ::9%53 24, 18 0 -13.1 764 82
16. 7 386 s °dd |  02540f s Pp60.as 4 ¢ 1507
449 ' - C36 +6—F 357 AT7S 418 59K :
517 439 5 61 7. . 25 87.4 91.6584] 8.0
535 . .
303 319 a4Y 62 147875 462 4641 12 930 450
- 39 17. 34 442 s34 52 B0l 26 | 59%s0 8130 26764
564 645 - 16 20—~ 3 536 —502> &
690 33 6 HlL 57 692s.1 84 41] 789 0. 458 69.8300] -232445
- 548 - 32
427 32, 434 % |57808 509 ™25 530™® | 850
. 481 43 1872 21509  os 412 .5 PAln, 632 s17 550 oo
672 “Nofmalized to 2095y YN : T
520 534" 67 456 488 464 414

“*Normalized to 17.5 gsy
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WO 97/ 37065 - o ,
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TABLE 5 - NORVALI ZED CROSS- DI RECTI ONAL STRENGTH (CDS) (g/in) EX ACTUAL
CDS . €DS : CDS CDS - CDS CDS CDS CbSs
cDS AVERABTO6S @ @ - PCT/USHT/04470 -

@ @ - @ @ @ @ FABRI C - 148[err] C
151[err]C 154]err] C 157[err] C 160 err]C 163[err]C

166[err] C -169[err] C 172[err] C - GHT - (glin) (g/in)

(g/in) (g/in) (g/in) (g/in) -~ (dg/in) (g/in) (g/in)
(g/ydlerr]) p= ' F4eG— 426

729 669 682
702 722
430 - - 407 || Compariddsd
21.0 - 2 :
466 - - k50 1
532 542 505
469 509 527
514" - 542 624
20. 1 501
554 - - : - - :
551 469 436 L& - 5B 508 | 19 g 5372 64857 3 69
602 .60 613 13 626 | s4g7 613 §56] saam [17.43 7807 108,
481 589 | 553 575 oqT 520 68 57
17. 7 0O 2 31 18 52p 6138 (cogei 5858 2 11 4858 a2y
450 (€58 20.5 10348 o206 27 M8 e | 462( ame P38
383 39 416 - b 20. 7 153 526 u '
523 590 647 4573 5894 of1 16 4% lgo12 7828 21
529 53 588 661 629 542 6l 61
19.9 _ B
463 C62 19. 7 301 5583 5h7 42t 4441 S8 hay
438 48 . 446 3as D1 5279 .4 4P5 sos2 54 | 7503 506 ¢
513 50 470 137 38064 70. 4 T0
362 461 3202 [-CX 4241 258 440 488 | 335%%ss |
20. 3 433 421l 52 479] sees |54 so0523 24 |47 21 345
478 66 20. 4 J;égs 543 Bp1 580 587
' 558 591 524 [+ D 290 e 227 L 409 1 6203 44
472 47 . :
424 41 : -7 69
20. 2 3 45528 oal 4191 loag WL B2 490
495 70 19.9 “56 588 : 616 37 4838 09P 5885 E443
ggg . 6?2 46284 ]20 %4%. 17"}?98 53 14 65 4513 6-%67 6692 X 28
: 21 ) 5686 3§ 5377 -12 8327 60
s c26 1635 2360 1432 l
c-25 ' 3783 || - 3834 4837
& . 28 51862 36 ‘5077 32 7306 51
29 : 4549 20 4425 15 6540 35
. 4420 . 4347 6203 '
4977 13 4887 12 7368 19 "
6263 42 6038 39 . 9061 46 "
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Cr2 20. 4 - - - 167 214 254

298 271 283 . **Exanpl es 44 and 45 nornmalized to basis
wei ght. .of 17.5 gsy. : h o :
- 74 - "~ TABLE 6 - CROSS- DI RECTI ONAL ELONGATI ON
(CDE) (% BEXwo973704CTUAL "CDE =~ CDE = CDE  pcfiby7iae7e CDE
CDE - CDE . CDE CDE _ AVERAGE FABRI C _
148[err] C 151[err]C 154[err] C 157[err]C = 160[err]C 163[err]C
166[err] C 169[err] C 172[err] C - 88\WEI GHT (% (9 .
(9 (% (9 (9 (9 (9 (% 1
20.0 49 57 76 84 Q7 26
7 - 72 2 19.8 109 1
85 - 77 g0 o8B 13
108 106 comparisd0 | Ex 104 || A, 9P waa,
19.9 e “—*“ =oa
83 73 5 20584 421089 _
112 112 98 96 QOE ¢]
105 10k 102 I 5 g7 8212 gy 24
103 124 125 fll 55 1121  gopp 122
82 ' :

8 53 5572 32

54 5004 19

35

18

-13

|

SUBSTITUTE SHEET (RULE 26)



89
108
117
12
106
144
94

96
105
93
88
113
119
121
89 -
114
129
94
80
- 100
76
93
99
21.4
81
94
104
112
16. 7
75
90
106
99
98
84
106
94
86
60

15

22

- C25

30

37 .

41

78 67 9 20.0 104 112 101 _
112 100 88 82 81 10 19.9 109
117 115 104 . 96 99 89 70 11

20. 7WOS737065 100 119 131 117 ROYAUSST/044700 3
99 79 - 13 -20.1 127 124 133
120 120 108 104 98. 14 19.6
101 130 124 - 121 - ®3 vsg 08 96
C16 1 20.1 54 49 80 76 103
105 - : : o 598 8% :
112 121 128 109asLe 13105 o8 18  2h.1
124 3 ) 7 1 I0/ T1 N
. o Dol TOF Tl o Ton]
106 — O 20 T 5 B
11 s  Highegd 3 B g4t g7l "% 20. 1
121 Contrel 23 b 109 10 82 -
102 20'989* "Eikéé 123 109 2e;é19 *%3? :é§8
124 142 27 121 ersal 1l 24 {10&s0 188 oRd | = ‘20.1
92 98 TTZ TIPE T09 g7 83 5
20_ 9 40 645077 18 - 8@89 6 78 8919 9‘&
750 1369 61 |2 19.|7
83 89 05 gfhg 8175 o ! 04> 83
102 99 6 99 71497] 31 |70sses 1369 1028 s [0.8
99 110 10t 2 +03- ‘10F~ 8+ 29
82 1147 1097367 -85 M 0p 18 goe 37 gp
20. 2 96 0% 11 08 110
a1 | 73 1170 3o |86 4 2 %‘ﬂ 9 ¢ 9257, X g5
98 103 71 95 720889 32 [8leras 3E w0 | 1w T 35 94
118 Normalized t5 2oy +Ud ST S
89 6 94 110 95 84 87
. "Nomplzedio 17.5¢sy g7 100 103 102 . 105
84 1 Valups for Fighest CofigExample A,, A, 48 A, @re taken from controfEamples 16, 17, 8526, 34, 36, 38, 50]1B(F2  and 65.
87A.,, and A, are t&gn from control éQﬂp&aSOandA,§§ken frol?’t%on’(rol Example 16:!-7' 3 97 :
99 118 92 102 © 94 85 40 20. 2
129 128. 122 124 . 119 = 112 109
20. 1 77 . 102 112 114 129
110 97 92 . 42 . 20.2 96 107
109 97. 106 - 88 89 79 43 18. 2

20.4 108 108 102 96 111 108

99 98 100 - 95 102 88 69
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ACTUAL

|
!
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75 - TABLE 6 - CROSS- DI RECTI ONAL ELONGATI ON (CDE) (% . EX
CDE CDE CDE CDE CDE CDE - CDE CDE
CDE WOWBRESE @ h @ @ PEXUSITI044T0 @
@ © FABRI C 148[err] C 151[err]C 154[err] C _
157[err] C _ 160[err]C 163[err]C 166[8e9r/r] C 169[err]C 172[err]C
VIEI GHT (9 (9 (9 &2 (9 (% (%
(% (% (g/yd[err]) 44 15.6 97
93 10QR- :
ég.A 26 | 106 109 118 1ABEY4 95 89 78
89 7B Comparso®fl Ex.47 9. R, 84 AR, 98 RO1 ] AR,
93 9 = ee—
77 9 C-16 994 82 68.1 712 74 4348
21.0 88 1 13 111 107 103
98 50 Yo, oLttt 2N S O Ml TR il PSR AL -
90 8 78 7 51 %40 0. 24 88.5 32407 95403 | 406
103 1 NE 52 20. 4
97 9 ]
20.1 ¢-02_ 91211 10863 108 99 732 84
87 54 20 2 13 956 1'90 86.6 97 10[;! 97 91.&07 184
95 7 55 +$—9 93 96
104 1 .2 Of 18 932 205 561 1P83 39.85 16.2
94 0 1Qq\_, Js}.ém 3.0 117“493.5 43 75 72 A_L57¢ae.3 _13.1
. 17 7 97 gl 110 11 J0 0./ OoOJ
87 C58 - 20.5 41 1223 143 s08 114 45 134 804 199 72
© 101 9 9 59 20. 16 129 18
131 1
103 14 26-34 5335 95 843 g7 75 6.B5.1
19.9 104 353 s 113 53 | 98gy 10054 185 .g2s 82
3 C-36 94.5 078 932
37 958 13 96.8 -1.0 922 1.0
c-38 943 95.9 20,8
C-16 964 68.9 54,8
19 3.1 33 89.1 230 188 24.0 H
4 20 91.2 52 96.9 308 80.1 35.4
21 92.4 40 97.7 316 95.4 406
] C-26 . 87.2 604 353 ‘
c-25 89.7 88.8 75.6
6 28 94.9 52 96.5 7.1 91.0 156
29 95.3 55 98.0 9.2 93.9 184
L 24 | 27 | or4 86 g1z | 62



kg

C62 19. 7 100

91 102 88 82 . 84
73 83 63 _21. 2 _ 135 143 134 137
118 103 85 73 64 20.4 103 88
123 119 74 99 84 69 ces5 20. 3
132 - 132 WO 97/37063 8 127 127 120 - 89 PCT/USITIONG 66
20. 4 93 _ 85 105 103 103 96 99
82 67 20. 3 ' - ' 110 121 ' 121 106
97 92 93 68 20.3 8% . 88 85
87 91 87 73 79 69 20. 2 123
116 127, =" ==-08 33 ' %— T’G
19.9. 0 101 120 Hh6LE 14 103
o7 71 T 2 TU/Z 34 93 ;
/8 79 Compaggn ;J;&_—JL————JE
56 71 ; 3
PCT/ US97/ 0447 83
76 _ _ age TABLE 7- NORNVALI kED CROSS- DI RECTI ONAL TOUGHN SS
(CD TEA) (g/ifp per_inc EX ﬁgJT.UALT;i D D CDa.st,_(A:D q;)-h—,\ CQ,
CD CD - T 7 T = " T\
TEA T T 45 TEAO o7 98.5 FABRI 2@ |
@ O 0 @ - '
151[err] C 54[err] CljLEPt efr]1 3 16Q[ err] 88.7 1630 er r 1¥©°
166[err]C 169[ dr ] C szd 72[jer r,),C 974 20, 0 62022 | a4
35 81 11 -0 4141 —12 115 — —
19.8 2p3 2 @63 | 28 206 oo (154 a7 J06 es | 88
90 67 || -
8 53 96.7 0.2 976 1.4 93.9 20 i
54 82.5 4.0 96.3 2.4 9.4 -5 ||
59 82.2 4.4 979 0.8 %32 27 "
L1 : 60 936 29 88.4 .03 85.1 08
61 95.7 .08 98.9 0.2 57.0 1.1
c62. 98.2 99.4 98.0
9 56 922 5.0 97.1 23 90.7 a3
57 93.0 52 97.2 2.1 91.4 55 |
c-50 82.1 7.6 821
10
: 71 91.3 0.8 a7.8 0.2 938 18

*Normnalized to 20 gsy

**Normalized to 17.5 géy
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3 20. 0 133 257 274 255 270 235
176 168 153" 4 19.9 154 285 273
302 244 224 157 197 158 5 20. 4
167 210 226 - 254 309 319 246 240
207 6 WO 9737065 185 217 - 284 2PGT/US97/04470 272
205 279 262 198 7 - 90 -19.9 194 302
301 245 306 288 196 149 176 8
20. 4 .182 198 177 - 162 214 220 155
128 87 9 - 20.0 214 278 225 272 ¢
295 249 219 191 188 1 0 _ 19.9 _ 265
311 333 321 298 269 282 251 - 179
12 188 =203 e 326 . 3583 246
285 16 5rABLE3S - RHEOLOGICRIODATA OF POLYMERS RUNAT 200°c' 297 3b4
411;2) 3?227 3flg ELASTICMRRULUS ”-':"%"%m’?sc A 220
- 15 Cl6 . 20.1 42 (DYNES/SQ} M) 14PYNESISQ.CM) 138 272
ggé POLYMERSzgj (\FREQUENC}',Lg8%LAS§é7 28 gmo 2 gg LEX RA'ﬁg do P4 g 156
20.1 200 B agiansisec) | MEPYLUS .| PABFY VISCOSIP3 | PAPP | MRTC) 391
g;g 2635:.&:81:750 26 6’)”\ 202900 9? 0572 12307 o 9.2599 73 1g8-
185 00 evaestemrg| 10 231 sewo 10828 | 250677 | 066 180
%7 5 0 juucmsumgz;77 93 00, 335%@9 0.4%,1) A 1453°0 9312 449, 5
330 74 KRATON®175883| 100 311 793200 P76 2238 21188.0 252804 NG@
_ ]2.889 Eqié\éhovmm ;ﬁooj“ 21% 00 ok 0. (%4 n231.‘?«128 q4§3 Z?;‘?s 6 2-52
231 405LVAL0Y®HP€B63 100 133 120000 |15D.384C25 2050 20| Q439 62
gé §L\7\LOYGHPGS2 100 <4y 147800 (45 0.416 lbgﬁj?n DSJi§5 8% 97
_ é%g 1f2  pyneL®200D2 100 74 Ziéze00 -~ 0d{d. 4 24114 1{/&si? A9027E
20. 8" BYNELB2022 m 2%sep0 é.U%-z-‘S*s 4[11135330 0248 | 23’27—
ggg kgfs&@vmsjw 21Re0 - 7920013f 0223 2P0 175 Pde 72 41f71
188 u[‘éé PESBBﬁA—-ZWQtZJ 100 EEE 110000 31133100U 24512.1£U' 066934 131.3* 165.
'2%432 33 ﬂ PE xusazoo,)o].sg- D 100 12@330 o.:'rél;‘1 19230 | 02 2703.;) o
310 1195_xusazon:1§52 100 15: 1U:33°° 927 0136 zm.ecséqas77' 6. 71
%?8 40 P omns?(w . 100 U7 26} 19& 1.0024 3 1_81-
291 266 224 C38 16. 7 122 168 - .228
262 A1 2The scan wak $6pducted at 10°Clrifinlin contrast to 20°@{MinZ3$set forth in the prhGRduB: for determining DRGIEtial
283 315scanning Galordriety Meliing Point BSOMP). 331 293 284 40
20.2 184 355 400 412 452 385 .
382 394 258 41 20.1 ' © 122 234 319
3_39 45 8PA = Polymer Bidifire, and PP = P@@/Bydpylene 315 299 42 20. 2
215 292 215 324 255 314 242 250
195 43 18.2 232 317 330 364
276 359 300 202 176



- 77 - CT1 ONAL
TOUGHNESS cr“"llll Jlu" “I" M' " ||| THIS SHEET H@@ gEefy | (9/in per
inch) EX ACTUAL CD gg

CD CD AVERAGE TEA TEA TEA
TEA TEA WO 97/37066EA TEA : EABRI C @ PCTIUS97II)@0

@ @. @ @ @ -9 -@ @ VI GHT
148[err]C 151[err]C 154[err]C - 157[err]C - 160[err]C 163 [err]C
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315 342 387 Th e opyocess 0:1851)39:: accord:ﬂpp_ +o claim 4 por 2,
158 323  wherd@®f said skdh8core filefd) when piBédessed im)? a thermally

15 bonded nonwoven material obtains flattening of a bond curve
of cross-directional strength vs. temperature as compared to
a nonwoven material produced under same conditions from fibers
produced under same conditions except for absence of the
pblymeric bond curve enhancing agent.

20 4. The process or Eiber according to claim 1 or 2,
wherein said skin-core fiber when processed into a thermally
bonded nonwoven material obtains raising of at least some
points of cross-directional strength of a bond curve of cross-
‘directional strength vs. temperature as compared to a nonwoven .

- 25 material produced under same conditions from fibers produced
‘under same conditions except for absence of the polymeric bond
curve enhancing agent . ' _

5, The process or fiber according to claim 1 or 2,
wherein said skin-core fiber when procéssed into a thermally

30 bonded nonwoven material obtains raising of at least some
points of cross-directional strength and shifting to lower
temperatures of a bond curve of cross-directional strength vs.
temperature as compared to a nonwoven material produced under

_ same conditions from fibers produced under same conditions

35 ' except for absence of the polymeric bond curve enhancing

agent.

6. The process or fiber according to claim 1 or 2,
whereip said skin-core fiber when processed into a thermally
bonded nonwoven mét;erial obtains raising of at least some
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' 8. The process or fiber according to any one of clalms

4, 5 or 6, wherein said raising of at least some points of
cross-directional strength includes raising at least some-
points at temperatures lower theni peak cross-directional
- 15 strength. ' _ | | ,
| 9. The process or fiber according to claim 1 or 2,
wherein said skin-core fiber when processed into a thermally
bonded nonwoven material obtains an increase in area over a
defined tempetature range under a bond curve ‘of cross-
20 directional strength vs. temperature as-compared to a nonwoven
material produced under same conditions from fibers produced
under same conditions except for absence of the polymerlc bond
' curve enhancing agent. '
10. The process or flber accordlng to claim 92, wherein
25 said increase in area is provided by the bond curve belng'
. flatter and having the same or substantially the same peak
cross-directional strength as compared to a nonwoven material
. produced under same conditions from fibers produced under same
conditions except for absence of the polymeric bond curve
30 enhancing agent. ' ' _ _ '

11. The process or fiber according to claim 9, wherein
said'increase in area is provided by the bond curve being of
the same or Substantiaily the same shape_and having higher
cross~-directional strengths over at least some points on the

35 bond curve over the defined'temperathre range as compared to
a nonwoven material produced under same conditions from fibers
produced under same conditions except for absence of the
polymeric bond curve enhanc1ng agent
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0.972 163.6 gail®dncrease in area is provided by the bond curve being
. flatter and having a lower peak cross-directional strength as
20 compared to a nonwoven material produced under same conditions

from fibers produced under same conditions except for absence
of the polymeric bond curve enhancing agent. '

16. The process or fiber according to claim 9, whereln
said increase in area is provided by the bond curve being

25 flatter and having cross-directional strength points at
temperatures lower than peak cross-directional strength raised
~as compared to a nonwoven material produced under same
conditions from fibefs'produced under same conditions except
for absence of the polymeric bond curve enhancing agent.
30 17. The process or fiber according to claim 9, wherein
said increase in area is provided by the bond curve being
- flatter and being shifted to lower temperatures as compafed
to a nonwoven.maﬁerial prbduced under same conditions from
fibers produced under same conditions except for absence of
35 the polymeric bond curve enhancing agent.

18. The process or fiber according to claim 9, wherein
said increase in area'is previded by the bond curve being
flatter, being shifted to lower temperatures and having cross-
directional strength points at temperatures lower than peak
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163 Pift7PETY polypropyler ¢ polymer blen
PCT/U597/04470 22. The process or fiber according to claim 19, whereiﬁ)-

said polymeric bond curve enhancing agent has a DSC melting
point of about 15 to 100°C below that of the polypropylene in -
the polymer blend.

20 23. The process or fibexr accordlng to claim 21, wherein
both of said elastic modulus and said complex viscosity are
below that of the polypropylene in the polymer blend.

24. The process of fiber according to any one of claims’
19-23, wherein the elastic modulus of the polymeric bond curve
25 enhancing agent is about S5 to 100% below that of the
polypropylene in the polymer blend. '
| 25, The process or fiber according to any one of claims
19-24, wherein tle complex viscosity of the polymeric bond
_ curve enhancing agent is about 10 to 80% below that of the
30 polypropylene in the polymer blend. _

' 26. The process or fiber accotding to any_one of claims
19-25, wherein the elastic modulus of the polymeric'bond curve
enhancing agent is about 5 to 100% below that of the
polypropylene in the polymer blend, and the complex viscosity

_35' ' of the polymeric bond curve enhancing agent is about 10 to 80%
below that of the polypropylene in the polymer blend.

27. ‘The process or fiber according to any one of claims
1-26, wherein the’ pblymeric bond curve enhancingf agent
comprises at least one polymer selected from the gfoup
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0.974 31.170hé& prockEd or fiber according to claim 30, wherein
said %AA, is increased by a member selected from the'g'roup
consisting of at least about 3%, at least about 15%, at least
about 20%, at least about 30%, at least about 40%,
about 50% and at least about 60%.

32.
whereln said fiber has a %aA,

at least

‘The process or fiber according to any one of claims

-, 1-29, and a %AA, which is
greater than that of a nonwoven material produced under same
conditions from fibers produced under same conditions except
for absence of the polymeric bond curve enhancing agent.

33. The process or fiber according to any one of claims -

1-29, wherein said fiber has a %AA,_, a %¥AA, and a %A, th.ch
'is greater than that of a nonwoven material produced under
same conditions from fibers produced under same conditions
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481.6 pm. '

37. The process or fiber according to claim 36, wherein

15 ‘said skin-core structure comprises a skin showing a ruthenium
staining enrichment of at least about 0.5 um.

38. The process or fiber-accordiﬁg'to claim 37, wherein
said skin-core structure comprises a skin showing a ruthenium

_ staining enrichment of at least about 0.7 pm.

20 39. The process or fiber according to claim 38, wherein
said skin-core structure comprises a skin showing a ruthenium
staining enrichment of at least about 1 pm. |

40. The process or fiber accdrding to claim 39, wherein
said skin-core structure comprises a skin showing a ruthenium

25 staining enrichment of at least about 1.5 um.

41. The process or fiber éccording to any one of claims
1-35, wherein said fiber comprises'a denier of less than 2,
and said skin-core ‘structure compfises a skin showing a
ruthenium staining enrichment of at least about 1% of the

30 | equivalent diameter of the fiber.

42. The process or fiber according to claim 41, wherein
said skin-core structure comprises a skin showing a ruthenium
staining enrichment of up to about 25% of the egquivalent
dlameter of the fiber. . .

35 43. The process or fiber according to claim 41, whereln

said skin-core structure comprises a skin show:Lng a ruthenium
staining enrichment of up to about 2% to 10% of the equlvalent :
d:.ameter of the flber
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TABLE 10 47. The process_or'fiber according to any one of claims

1-46, wherein said fiber comprises a circular, diamond, delta,
concave delta, trilobal, oval, or "X"-shaped cross-sectional
configuration.. ' '

15 48. The process or fiber according to claim 47, wherein
said cross-sectional configuration comprises a concave delta
cross-sectional configuration.

49. The process or fiber according to any one of claims
1-48, wherein said fiber comprises a denier of less than about

20 5. o |

. 50. The process or fiber according to any one of claims
1-48, wherein said fiber'comprises a denier of between about
0.5 and 3. : _ '

' 51. The process or fiber according to any one of claims

25 -1-50, wherein said fiber is a monocomponent fiber.

52. The process or fiber according to any one of claims
1-50, wherein said fiber is a bicomponent'fibef.

53." The process or fiber according to any one of claims
1-52, wherein said fiber comprises a staple fiber.

30 S4. The process or fiber according to any one of claims
1-53, wherein said polymeric bond curve enhancing agent
comprises a plurality of polymeric bond curve enhancing
agents. '

_ 55. The prodess or fiber according to claim 54, wherein

35 - said plurality of-boﬁd curve enhancing agents comprises at
least'oné ethylene vinyl acetate polymer and at least one
polyamide. _ o _

. 56. The procesé.or fiber according to claim 54, wherein

said plurality of bond'curve enhancing agents comprising at
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682. 0 557. 3 1-€2,7yherejpgsaid polypeg hjend is pygpaged by tumble mixspgy
- 253.0 64. The process or fiber according to any one of claims
59-63, wherein said polymer blend comprises about 0.5 to 7
25 welght percent of said ethylene vinyl acetate polymer..

65. The process or fiber according to claim 64, wherein
said polymer blend comprises about 1 to 5 weight percent of
said ethylene vinyl acetate polymer.

. 66. The process or fiber according to claim 65, wherein
30 said polymer blend comprises about 1.5 to 4 weight percent of
said ethylene v1ny1 acetate polymer

67. The process or flber according to claim 66, whereln'_
said polymer blend comprises about 3 weight percent of said
ethylene v1nyl acetate polymer. _

35 68. 'The process or fiber according to any one of cléims*
1-67, wherein polyethylene is preblended with said ethylene
vinyl acetate polymer to form a preblend, and said preblend

is mixed with said polypropylene.
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468?’:56 70. The pro@%%sg or fiber acc%ér@%.gg to clai%pﬁg wherein
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9659-71, whereinggasd ethylenggvipyl apgtate pglhymer contains
AT 0.5 to 50 weBShtl percent vifll lacetate und®s8 = 20

. » 45%286 7?3, The pggg%ezs or fiber acco%@%?g to claim 95, é‘tfl?ein

95. 4 saidethylenegyinyl acetate podymer contains abppgy7 5 to SO
15 92. veight per@én¥ vinyB acetated@@dts. 3947
92421 74. The Bgoc?’eaﬁf gr flbgisa?bcgfdéﬂg to._cla?iﬁng.ga, @E%ein
3833Rpid ethylene vipgl7acetate polymeggcgntains aboyly 10 to 50
weight percent vinyl_ acetate units.
75. The process or fiber according to claim 74, wherein
20 said ethylene vinyl acetate polymer contains about 20 to 40
wéight percent vinyl acetate units. '
76. The process or fiber according to claim 75, wherein
said ethylené vinyl acetate polymer contains about 25 to 35
weight percent vinyl acetate units. |
25 77. The process or fiber according to any one of claims
1-76, wherein said skin-core fiber shows a residue trail in
a hot stage test.
78. The process or fiber according to any one of claims
59-77, wherein said ethylene vinyl acetate polymer consists '
30 of ethylene and vinyl acetate units. '
79. The process according to any one of claims 1-78,
comprising: _ : :
feeding said polymer blend comprising said polypropylene’
and said ethylene 'vinyl acetate polymer to at least one
35 spinnerette; and ' '
said extrudlng comprises extruding said polymer blend
through the at least one spinnerette. '
80. The process or fiber according to any one of claims
'1-79, wherein said fiber comprises a denier of about 1.5.
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7829 B of about 192033 inches, %hd' a denide 6
1e§%%0 of abou 096.iHChes' 5%.§nlé of aggég @.5 to

5361

85. The process or fiber according to claim 84, wherein
said fiber comprises a staple fiber having a length of about
1.25 to 2 inches. _

86. A process for preparing a fiber having a skin—core

15 structure, comprising: '

extruding a polymér blend comprising'polypropyléne and
a softening polymeric additive as a hot extrudate; and

providing conditions so that the hot extrudate forms a
fiber having a skin-core structure.

20 87. The process or fiber according'to any one of claims
1-86, wherein said skin core structure comprises a surface
zone, an inner zone and a gradient therebetween; said surface
zone comprising a high concentration of oxidative chain
scission degraded polypfopylene as compared to said inner

25 zone, and said gradient comprising a decreasing weight average
molecular weight towards the external surface.

88. The process or fiber according to any one of claims
1-86, wherein said skin-core structure comprises an inner core
of said polymer blend, and a surface zone of said polymer

30 blend surrounding said inner core, said surface 2zone
comprising said polypropylene as oxidative chain scission
degraded polyprdpylenef so that said inner core and said
surface zone define a skin-core structure of the polymer
blend. - o

35 .B9. The process or fiber according to claim 88, wherein
said oxidative chain scission degraded polypropylene is
substantially limited to said surface zone, wherein said inner
core and said surface zone comprise adjacent discrete portions

of said skin-core structure.
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&7 olymer blend Hiri%hg a melt £B5w hate, and 8dif fiMebhas

45% %verage melt @ﬁg@ rate about 2(991::9' 3004 hlghe%!B tﬁmaén the

. 97.2 melt @ow rate45§3sa1d inner - d-Th) 6386
15 90.3 92. 9he prodessSor fiber Yréording to anyd8fE of claims
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63

68 clidms 1-92. 4301 : 6322 96. 7
886.66 . @% 96 en Staterlal66§%ﬁ%31ng f:.bers ag@c;::?dlng to
20 qY one of 01398591 's3. 89. 6 71 7208

10380 95. The nofiWo¥en materiadl.3ccording %% 9 cld3w/2 94
2649 188c’ompr1§§%g a basfg'éélght of less than about 20 g/yaz.
' 96. The nonwoven  material according to claim 95
- comprising a basis'weight of less than about 18 g/yd3.
25 97. The nonwoven material according to claim 96
comprlslng a basis weight of less than about 17 g/yd?.
_ 98. The nonwoven material according to claim 87
.comprising a basis welght of less than about 1S_g/yd2.
_ 99. The nonwoven material according to  claim 98
- 30 comprising a basis weight of less than about 14 g/yd?.
100. The nonwoven material accofding' to claim 94
comprising a basis weight of about 14 to 20 g/yadz.
101. The nonwoven material accordlng to any one of claims
94-100 bonded together. _ |
35  102. The nonwoven material according to any one of claims
94-100 thermally bonded together. |
'103. A hygienic product comprising at least one absorbent
layer, and at least one nonwoven fabric comprising fibers
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set forth in the procedurje for determ i ng lefer

'Cal orinetry Melting Point (®§CMA’P) VJ 91IPA = PoI yn?‘rﬁbzdm—t‘r‘ve——arrd—PP
Pol ypr opyl ene |l ai m:

process for preparing fiber having a Sjl n- core struct“"!llI"I"III""'L!!'"[

conprising: Weclaim: _—extrudigg a mer bl endcco

pol ypr opyl ene and ?olynerlc bond curve enhanci ng agent -as a
hot extrudate; andl- A process for prepanngaﬁbcbba\ﬂng\g skimaonei stisture, t hat  t he
hot ~extrudate forns_a_ fiber having a skin-core structure.

2. A fiber O 8Eng a pol ymer bl end of pol ypropyl ene and

S I

pol ymeri c borsbrileutee enliaihg agéiiona texBUASRNEd N DOLH Said skin and said

core. The process or fiber according to claiml
‘or 2, wherein sai cprekiding condltlons so that theohet &ithrlateformsy ibadgrdng At 0 a
t her mally bonded nonwoven material . obtains 15 flattening of a

bond curve ofSKHFERER WY onal strength vs. tenperature as
corrgar eg toda non venn%rsflq%%:qg gggsgkund@ﬁgﬁ?g@ggdtlons f ombflgers
produced under sa yYgy Iif’n%‘}‘-{c on

~curve enhancCigy ?ytﬁgﬁgtbond furvva]enhancmg nt, saitt fiber Jb?nﬁﬂﬂﬁf%ss]ég{ 8£¢eb ber whe

according to-clarm erelrn §k I n-

 priacessed i nisrusturd eomrisihg P HEAGna Y WY Sahd B E bb r@ﬁ)}léﬁ@&n%saxg
rai sing of at |east sone points of cross-direction st rengt a bond
curve of polymeric bond cuse-efihancingageht aerpregnb 11v botht saig skiatandesaid
conpared to a nonwoven nateri al ' produced under same
condl tions fFBIR-fibers produced under same conditions except

f b f th | bond
L et "8 7 YRR R T i s,

core fiber when prbcessed into a thermally bonded nonwoven material obtains

n

15 flattening of a bond curve of cross-directional strength vs. temperature as

compared to a nonwoven material produced under same éonditions from fibers

produced under same conditions except for absence of the polymeric bond

o curve enhancing agent. | | |

| 4. The process or fiber according to claim 1 or 2, wherein said skin-

20 core fiber when processed into a thermally bonded nonwoven material obtains
raising of at least some poin'ts'of cross-directional strength of a bond curve of
cross-directional strength vs. temperature as cbmpared to a nonwoven material
produced under same conditions from fibers produced under same conditions
except for absence 6f the polymeric bond curve enhancing agent.

25 5. The process or fiber according to claim 1 or 2, wherein said skin-

| core fiber when processed into a thermally bonded nonwoven material obtains

raising of at least some points of cross-directional strength and shifting to lower
temperatures of a bond curve of cross—directional strength vs. temperature as
'compared to a nonwoven material produced under same conditions from fibers

30 | produced under same conditions except for absence of the polymeric bond

curve enhancing agent.



_ i ,
'co_re_ f'i'be][ V\A‘I@F4§[§?L i _ N é bondgd pnlgr]\-\#o\}sengr’thérQalr L'(;)?tgl ns
t t - t]. t . t
(o Fonde™ T SO 755 48 TR

strehgth vs. tenperat ~conpared to a nonwoven nateri al
produced under sane .conditions fromfibers 30 produced under sane

condi tions except for alsRrkiBeak dr ibeP abdstRligtohith 1 or 2, wherein saRHSIE.

enhanci ng-agent . _ _ e process or
according to gbm fibér WherPprosassediintosthérmikllpbonded nonwoven materidl @btdiker
when processed into a thernal Ii/ bonded nonwoven naterial obtains _
fl atteni ng, rfagemggofaisinglofaticasimomepointssofdross-disectibinadstrengthl amd r engt h,

and: ... shifting to |lower tenperatures of a, bond curve of
cross- di rect | SHEINGG @wﬁemet?ranges of a bond cury ps-girectignal § ¥Sto a
nonywoven mat erial produced under, sane ' . condi tions fromfibers
brofuced undelenikeratls iR e adiivayen spaterialpropubéd Bhddr Yafe "1 |
pol ymeri c bongd.:.ciif; PG ?&%. " -
process or fi e@gélgsorﬁg?ﬁgséﬂg%é al mﬁgfnd\%garrg? ncog?alln n§ gII(%elp %gf‘oxg?bsencJBP
at | east soneth@qjd]ymeﬁ& bondeardt éftibtimgadgent.r engt h i ncl udes raising of peak
cross- 10 _ directional strength. i o 8. The
‘process or fiber aZcordThgpracess ar fib&r acooediog o staint 5,avlsdraip safid raising of
at | east sone pioi nts of ¢ross-diregtional, strength i Pcl udes raising at

9

least sone atleast some poiptsioficEossrdireciioBRbstiRngsd | CSTRRHG ak cross-

c¥Pss-directignal. s ngt _ ) The process or fiber
ac (?)r_di ng to c@re%t’rﬂn%fgtfg‘gtherei n said skin- 15 . core fiber when
processed into a t@ier mefhy nRRRdedr ABEMREBRIIAB S tlaihn f%kﬁé’é‘ﬁl salg% F%'sigé of

an increase in area over a defined tenperature range’ under a rve of

cross-direct ifiedst sbimewitits\of créssdifdctibtakestrsmgtpiiehided raing atdeasrseme
mat eri al produced under same conditions fromfibers produced

under same cqraditsiagitemperatures lower tham pealpcrossdirsbonal strefigthhe pol yneri.c

bond curve enhanci png a t. 20 ] 10.. The process.or. fiber
according to clai n5?-9, ﬁﬁ? Brogesspfiberacegqeding to claim 1 or 2 wherey gaid skin-

proyvi ded by 'y% i 1.0g.: t i € r .
D o0, e BB B 5o B U i S 5B o ,
nonvoven. mat e @erddsO MeRA oY 8 deBREE térpetiahire tnde Wilel amd RrP&Beed '
under sane conditlons except for absence of the polyneric bond curve 25
enhanci ng agebss-directional strength vs. temperature as compared to a nonwoven material
_ produced under same conditions from fibers produced under same conditions "
except for absence of the pqumeric bond curve enhancing agent.
20 10.  The process or fiber according to claim 9, wherein said increase
in area is provided by the bond curve being flatter and having the same or
substantially the same peak cross-directional strength as compared to a
nonwoven material produced under same conditions from fibers produced
under same conditions except for absence of the polymeric bond curve

25 enhancing agent.
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wherein said increase area is pr y

veing of the sanme or s %\“‘““‘““‘\‘\m“ . 93. Ofpm lhgeigl?gﬂﬂ |ng
hi gher cross-directi on * rengtths Sovér at | east sone p0| nts
on the bond curve over the defined tenperature range as conpared to a 5
nonwoven nmaterial pgrnoduckk prodeds cﬁ‘&ﬁ&r@@ﬂ@ﬁdﬁﬁ%ﬂﬁclﬁfrﬁ@l fvhegdifi sRidOIRdfRSe
under same conditions except for absence of the polyneric bond curve
enhanci ng ageimn area is provided by the bond cusve bengof)tlmsaw arrsubistaatially dbe di ng t o
claim 11, wherein said at |east poj nts include a higher
peak cross-di suBeishapg and héﬂ@gﬂ'ﬂgll‘@ cross-directional strenOtllsgoverﬁﬁie%ﬁ SR@EE s or

fib di wh
oot das oyt RS af e Pt UV e et 5 s pange s popfiflo

the sar ea_Undeho e veR kel toliodd it Shiae dohBRRGE i FreRRdliel o

i ncreased a Nnonwoven ma uced under
same condi ti offdér samie conditions excepf fdreibsevecsfiubie folyifdtic Bﬁﬁ@c@ﬁ@dl tions

except for absence of the polymeric 15 : bond curve enhanci ng
agent . enhancmg agent. 14. The process or fiber according to claim9,
wherein sai d i ncrease In area s provided t he bond. curve
being flatter and hdvi ndhemEOcEsser fibgk according to claim H,dggeram g ableast

. h d
:;;rgngz)nd?flg ?E’ﬁm‘%? i‘r‘@ %P@gﬁﬁgggﬁﬁ{?égd&ﬁﬁg%%ﬁgwpg@ﬁs except for 20
ab?énce of the pol ygeri Thggwgg%érégfnﬁﬁbtég‘&@q&a@%%%ﬁw wherein said increase:

The process or fiber erein said I ncrease

in area |5 priaviréeds provided bt lsdﬂd/@nbebemgfdh@ﬂté@fo ovekrhempemneres gy  peak
cross-directional strength as conpared to a nonwoven material produced

under the area wnder thobdndicune ifwthendefined tﬁmperdtw:e tangedwing imnreased
conditions except for 25 absence of ci pol ymeri c, bond, curve
enhanci ng age# compared to g nonwoven material produce underjsgme Cpﬁ]éltﬂﬂl’%@g@ or

e 260 O A S e BB B3l LSRR TS o ol pelymbhal” ' °
st ﬁgngt h poi %&@Euﬁ@@ﬂﬁéﬁ&ﬁé%@eﬁtw"er t han peak Cross- directional strength
ol sed ' 14.  The process or fiber according to claim 9, wherein said increase
iri area is provided by the bond curve being flatter and having the same peak
| croSé—dir'ection_al_ strength as compared to 2 nonwoven material produced under
same conditions from fibers produced under same conditions except for
20 ~ absence of the polymeric bond curve enhancing agent.
| 15.  The process or fiber according to claim 9, wherein said increase -
in area is provided by the bond curve being flatter and having a lower peak
‘cross-directional strength as compared to a nonwo'veh material produced under

- same conditions from fibers produced under same conditions except for

25 absence of the polymeric bond curve enhancing agent.
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as.conmpared Po48lBMMevermaterial produced under. s:el.rie Qorwllttgws“ff?o‘ 5

fi bers produced un s except for absence of i
» bond curve enhanci %g‘ “mm‘““ 17. The processg}))r?%r
ene

accordlngto claim I'm s&i d*increase in area is
provi ded by the bond curve being flatter and being shifted to | ower
tenperatures as cofmpar é'dhetproecsnmﬂweacmdmtalclzprmﬂuwhdreumsmd iseneasel 0
conditions fromfibers produced er sang conditions except for absence of
t he pol yneri ! HEAdS BWW&‘E%&WC geing flatter and having cross-dirggtionathe
process or fjber ccord i erein said.,i

SPﬂl‘CII

in area i s pY&h Eﬁ%t“{:‘i?%&’eﬁm ge%srdlr%g}q%fgtﬁqutgﬁax%d' ower
tenper at ur esasaﬁ&nﬂé’ﬁéhqg acx*fo?x%ioﬁhrrﬁﬁiz odﬁEé@{?ﬂ&é} saﬂie'%o%d?tﬁoﬁ ratures
pea

| ower han Cross ctional strength raised as conpared
tosa nonmveﬂbéf@tp%d@ded under same condltibh@@&d@épi foPgleiens@ 0 theQpuslyfrepias from

p-l

fi bers produced under sane conditions excep for” absence of

t he pol yner i korisbeutve gnhanangagentng agent . 19. The
process or fiber according to claiml or 2, wherein s

pol ymeric bond cul{e eﬁhﬁﬂi‘?‘ﬁ@s agther 49&9‘4@& tecme %qfﬁ@%mcr%ﬁsebel ow

._ab dul
2nd a compl dR AP isgPvined By e b0 culde Bhige Hiter 67 vBme o RulsEne i n- -
Lhe polyrmer { %Arj‘i)@ijatures as cgmpared toa nonwov&p{nateﬁh‘? 8?%%8%8& §z{rﬁﬁ r according

to claim 19, erern sai mer | curve enhanci ng
agent _has a don@iticistfrona mrﬂprﬁucb@hﬁdeﬁémﬂ conditions except for¥serte ¢fC. 25
21. The process or fiber according to claim19, wherein said

pol ymer i ¢ bdhd poljmeriehomdcurvg eahentingagent. DSC el ti ng poi nt bel ow that of
the pol ypropyl ene jn | end. The
process or fiber corﬁhmarqcssw a‘ib ibgrageorging t ¢laim9y wherein salcfmcrease

5 IR S B  h,

b| end. 23,
_ atures and having ¢ s-d tional st i empera lowe;
The process or pfrl ber agcord]i g rtooS Cr%.(i: %nnzi é}gthgon %n’(x)q r tur%s wet

ejsstic nod uhmpealdcm-dueomﬂmren@maisw aabenipai-eﬂmtmémoévémgxatenal

pol ypr opyl ene i n the pol yner bl end.

24.  The pr @ceélscedruﬁdebeama@ondmongfmm tsprodecedynddnsamercondétiensast i ¢

5 dfutl us, of th %rrerlc bond curve enhanci ng agent is about 5
to 100%  e€xceptiorabsench PV FRAABIFIRHAETH: t he pol yner

bl end. 19.  The process-or fibet acREREES > Ahirh 1252, WHFGEMN figg to claim 1

or 2, V\,herel n the
: polymeric bond curve enhancing agent has (a) a DSC melting point of below

20 ) about 230°C, and (b) at least one of an elastic modulus and a complex viscosity

below that of the polypmpylene in the polymer blend. |

20.  The process or fiber according to claim 19, wherem said -
' polymeﬁc bond curve enhancing agent has a DSC melting point of below about
200°C. '

25 21.  The process or ﬁber according to claifn 19, wherein said
polymeric bond curve enhancing agent has a DSC melting point below that of
the polyprbpylene in the polymer blend. |

22.  The process or fiber according to claim 1.9, wherein said

polymeric bond curve enhancing agent has a DSC melting point of about 15 to

30 100°C below that of the polypropylene in the polymer blend. REPLACEMENT SHEET

13 MAY 1998




L | )7/ 044(U
conpl ex vi scop[43/19c#mt—he—pﬁi—y-m§r'rc‘tﬁn‘d curve enhanC| ng agent 113 abquy é%d
to. | he pol ypropylene in ‘t he pot yrré‘r bg d.
.10 “ mmu N‘lﬁ ‘“‘or fber according to claim1 or 2,
. wherein the elastic ' s modul us of the polyneric bond curve
enhanci ng agent is about 5 to 100% bel ow that of the
pol ypropyl ene in ti® pofyeproddss b fibanscdobdingeplaim 21, wherein both of said
viscosity of the polyneric bond curve enhancing agent is about 10 to 80%
bel ow t hat ofelastic mokylsamd sardkcomplexevigasityrare belemdthat ebthe polypropylene
27. The process or fiber a&cordl ng to claiml or 2, wherein the
pol yneri ¢ bon# thepoly breemilen Ng agent conprises at | east one pol yrrer o
sel ected romthe up consi sti of, al vin
~car boxyl ate pol ymer, p’gfxgg{qwﬁ%ﬂxgégerpaccord&‘ing to ik la?rk% %ﬂ?ﬂ/?ﬁe elagticys or
estgrs, al kerlﬁo&&’lu@% @g@l?gle?ﬁ' ghoidirlé @xghﬁ{c‘f‘x%%eélt is abo% 5 to 10093CT Y! ates,

alkene acryl ate acry pol yners,

28. The pr OQﬁ$@thatfdfhﬁé pobgRopYIBae iPthe! pylyindr blend. wherei n t he

pol yneric bond curve enhanci ng agent conprises at |east one pol yner

sel ected 25. The processeonfiibarmccordngta clgimfl artd)whareintheyl acet at e
pol yners, polyethylenes et hyl ene net hacryli¢ acids

et hyl ene N b§omPlex viscasiey gf {heirplymsse Ibaédwa\tt‘ecnhancmg agent is aboug 1Rdpe

eryi o o, - othyE BRI O Foll Rabbfe in e oBBRSERLTS. " ana nyi on 6.

280 The process o fibafe n%t%%@ésdd ér%cEJn"él'n %Scla&ﬁ‘ircﬁ'?&ﬂ@e {th¥eflific

vinyl acetate polyners conpri se east o yl'ené V|ny acetate
copol yner angngiulyd efthevpolymetic doat @ues atayoiig agehelsadtmms tod-08% yl ate co-
car bon’ nonoxi de pol yners conprise ethyl ene N—but acryl ate carbon oxi des;
30 belovd thatof sh¢ polypuvvilent it the Ipebenacblyné,t thorgpmipdex at | east
one of ethyl ene

-96 - - viscosity of the palymerigibosdiaprys eahancig a%w Rowddodioet hyl ene
N-butyl acry

30. The probsgoéw g}atpfﬁlﬁp%lg%qpaﬁm h%cfﬁ Q ef\@;nc} wherein said fiber
hag a %err] Al errlz7whI q"hép?o@és%%r%’fbe?'ﬂ@ﬁbrﬁh%tto@lalﬁl QPO iy @igttﬁé' al

produced under sanme condi ti from |bers praoduced under
sanme condi ti polymbbnd ourve enhancing agent ccﬂimﬁmas at (dast bre polyymerrsetectsaind -
curve enhanci ng agent. The process or fiber
accor di ng t oftonafhe goupwiessisting ofiatkene [vmyl]qarb;mﬂlatwolymers polyethylenes,
lLncreased by ﬂ(rrenber sel.ected fromthe oup consi, é t | east about
g afkcene achyliq acids OFExiErE> AlkSHE $0-aBaeS. 26 0318’66 akepeast about

3
"3{% at | easgcr%?&gg’ a?lgeﬁc_a?cgylate acrylic acidaﬁolir&%%t, aﬁg %Biya%%%%ﬁnd at | east

about 60%
20 28.  The process or fiber according to claim 1 or 2, wherein the

polyrheric bond curve enhancing agent cdmprises at least one polymer selected
from the group consisting of ethylene vinyl acetate polymers, polyethylenes,
ethylené methacrylic acids, ethylene N-butyl acrylate glycidyl methacrylate,
alkene co-acrylate co-carbon monoxide polymers, acid modified ethylene |
25 acrylates, ethylene acrylate methacrylic acid terpolymers, and nylon 6.

' 29.  The process or fiber according to claim 28, wherein the ethylene
vinyl acetate polymers comprise at least one of ethylene vinyl acetate
‘copolymer and ethylene vinyl acetate terpolymer; the alkene co-acrylate co-

carbon monoxide polymers comprise ethylene N-butyl acrylate carbon oxides;

% and the acid modified ethylene acrylates comprise at least one of ethylene
| REPLACEMENT SHEET
' £ 1998
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32. The procBs8lor fiber according to claim1l or 2, V\,herel n said. I.i b _
has a %err]Alerr] ,mlﬁl,ﬁﬂm”nu[" ] whichis great er than-that .of & 1t
~nonwoven nateri al duced96rder sanme conditions fromfibers

produced under sane Ccorfdi ti ofls * except for absence of the
pol yneric bond curve enhanci ng agent 15 33. The process
or fiber accdsdh)utgl sarytdteimethybacrglic abidranidretbyliede N-batyl acrylic : has a

%Berr]Aerr], /ﬁerrl]A[err] and a %err]Alerr] which is greater than that
of a nonvvovermeth}’aCfY icacid. " materi al produced under sane conditions from

the pol yner o bond Gur vEDCAIRERSS FFfibganeording to claiin 0% wherein §ud Hoepe”
process or f 'JB %r&'ﬁl@ﬁ i§ gres é?'tH%riL o?a nﬂﬂ@fo%ﬁen?ﬁélqalzﬁoduced under

pol ymer bl en urt er conpri an pol

35.5 The proceffe conditiBiR fre@bed 5£bdu@e&|uﬁdé'ﬂ shnfd c&dm@ﬂéé‘x

pol ymer blend is extruded in an oXidative atnosphere under cgndltlons to
form absence dftthe pobenerlmabomtgcme lenhaneing agemituct ur e.

36. The process or fiber according to claim1 or 2, wherein said skin- 25
core structure con”dri séBleaP@Fé?W@ ragcerdmgwamﬁetwhnrmgsadr%mmt of

t St b
S ocess or fiMPASKEY ages Sefesteh fouh the SroumCansiing gh at least Sbout V5,

_ o f
 core Struct Uppigy déx?qgl{gua?lf%é%gélf}ﬂwzp%,aatrlé’aIsPﬁﬂéﬁ’tr@O%aét%&q BBt A6V OF

380 The prackast aHouEISD% afd 0le8étiboliP66Y@l m 37, wherein said skin-

core structure conprises a skin show ng a rut hen| um stai ning enrichnent of
at Baast Tdleqrocess or[fier hocording to claim 1 or 2, wherein39id fibére
process or fjber accordi ng to cl aim 38, wherein said skin- 5

core struct ubas %({né lg'é@aa/oélﬁnnwb%vw ggeaéerrthméhﬂtmfmastmwwegmmenahnent of

ast, about 1

o ocess or -1 Prscrd BB RN condifPh Hom Gers arodussd pnder same EOnditibns
;?r e struct “éfce‘f)?m%b[%@g %‘Sfmfrb@fﬂ%f%ﬂﬁ gﬂwkeéﬁhléﬁbﬁltgadg%hpg enri c;\_gnt of

prgcess or fiber 38cor ghegprocess biifier adordingb g1 %ﬁdefthéiﬁ sa1d fiber
. conprises. a denier of less than 2, and sai d skin-core structure conprises a

skin . hasa %AAhw%zﬁgi\@amdla I%\AAI,; rwlnchumgnmgtee tharcthatof a abnaoverast
about 1% of the e ui- v&@a aneter of the fiber.
42.  The prid@idi yasgrungler sarae ﬁgndxaoa$ &om fibers preducad undes samen- 15

'J(igre struct ugon(ﬁg{;@rl sesf?%_éy%?ce[?ﬂhg%?X}rggltéago{#?“&eal n]| n enr| c msnt of

| 34.  The process or fiber according to claim 1 or 2, wherem sald
20 polymer blend further comprises an additional polymer. | |
35.  The process or fiber according to claim 1 or 2, wherein the
- polymer blend is extruded in an oxidative atmosphere under conditions to form
the fiber having a skin-core structure. -
36.  The process or fiber according to claim 1 or 2, wherein said skin-
25 - core structure comprises a skin showing a ruthenium staining enrichment of at
| least about 0.2 ym. -
37.  The process or fiber according to claim 36, wherein said skin-

core structure comprises a skin showing a ruthenium staining enrichment of at
REPLACEMENT SHEET
| 13MAY w98

least about 0.5 pum.




- up of f equivalent di aneter of the
fiber. 20 . The process or flber accordlng to claiml
or 2, wherein sai | end conpri | east

one menber sel ect+¥ fr&h¢ PRRECSS %gge’y ccorcﬂng to Cfa‘ 3| Iy Séf‘fglﬂgbl lizers,

accordi ng. « SAF ATRRLPEpBprisgs.s ki sbawipg ppuhenissuinifg SnEREERFo L'

hydr ophobi ¢ jg4stabBueh Rl i ¢ finish. 25 . ~46. The process
or fiber aCCOI’SéI ng to @hgl m1l or 2, further including a

conmponent included.in Tﬂiepmbymﬁbéﬂmdofdmg toocliafryi3By wheeein wafdosken-
properties of the fiber. 47. The
priocess or foobestracturs eomprises askin shawing 2 rutheringi staininglenrighment of at
corrprl ses a CI rcul ar, dianond, delta, concave delta, trilobal, oval, or
"X~ 30 least aboutsh 4 d cross sectional configuration. '

47, wher ei n sai o 49 osdThe procestor fibek SeBBRER o8l 207 FheBR SHA R scs

concave del tc% CEP8SuRESdrh gﬁ%s £5h beWﬂ{Ig %Pfhthemum staining enn%hment of?- _The _

process or f| er accordi to claimil wherein sard fi

<onprises alemnaboutof.5lans than about 5. _ 50. The
.process or fiber according to claim1 or 2, Wrrerel n said fiber

cdhpri ses a deni . of Timpv@gnssmjd‘mer@cgor&lmg@clalm 1 or 2, wherein said fiberl. The
process or fiber. accordin wherein said fiber :

P monocoRBEIEises idgaler Of 165 ihah 2 and Said skih-Gpe stypureGRRESeHR SKitber
di )
roor ' "9 a6l huflenitm YARISE R ARhAeR 856 10k hout 190 of the eBpiGhe A

or 2, wher eidiursétefof tHeSfiber. conprises a staple fiber.

54. The process or fiber according to.claiml1l or 2, wherein said '
pol ymeri c bond cdlve &iiegprocesy crdtber acmrn§mlmnpnm;wheteyn sdidpkinsneri c
bond 15 curve enhancing agents. 55. . The
pbocess or pomesmmrqnm@seé acskan shouing atkeniumestaining ensichmyent of up

of bond curve enh ent.s co IISES st one et hyl ene vinyl
acetate to abou It ‘ﬂu‘é ap%%rtoafléhﬁ%%ﬁ -yani de.

56. The process.ar f'ﬁ 'ﬁ&raec&idﬁi aiplig Sheretbdlatiaral |ty 20

of bond curve enhanC|ng gen s conpr|5| | eas ene Vi nyl

' 'jc etate -core structure comprises a skin showmg a ruthenium staining enrichment of up

43. The proR¥&I9%T Fiber acc to claim4l, % A v
core structure corra ‘Wﬁ MT@‘%\@M rut hen| mg 3 %&988 of
t

to about 2% to 10% of the equivalent diameter of the fiber.
20 | 44.  The process or ﬁber according to claim 1 or 2, wherein said
| polymer blend further compnses at least one member selected from the group
consisting of stabilizers, antioxidants and antacids.
| 45.  The process or fiber according to clairﬂ 1 or 2, wherein said fiber
comprises a hydrophobic or a hydrophilic finish.

25 4. The process or fiber éCcording to claim 1 or 2, further including a
component included in the polymer blend for modifyirig the surface properties
of the fiber. | | |

47. The preéess or fiber according to claim 1 or 2, wherein said ﬁber

comprises a circular, diamond, delta, concave delta, trilobal, oval,-or "X"-

REPLACEMENT SHEET
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pol ymer and Rit48l1Rast ol vet hyl ene. PC&L{;;?; ’9%7/ Olﬁhﬁ' Zchess
or fiber according E" UH JH wherein the i T - Pd _ end
~ conprises at |east MM‘ E g Iby we8 ght of pol ?&‘B;Sw er?éljmﬂe‘gge

58. The process or fiber according to claimb57, wherein the polyner 25

bl end conprises at |east about 90 percent by weight of polypropyl ene.

59.  The process 4%. fibke process ofi fibertascordingnid clatm2 7, wherainsaicheross-

pol ymeri c bond, curve enhancing agent conprises at |east, one ethylene vinyl
acetate pol yRgiional configuration comprises aggncavgdelfs eross-secsiong] penfigitrationi ng t o

claim59, wherei he 30 ' - polyneric, band curv, nhanci n ent
conprises at |eas 'oneﬁéq?ﬂﬂcgﬁeor\ﬁqulacxor Ing to &almﬁaq{eﬁéyeléergw@ﬁggy .

-99 - o : & process or fiber according to claim
59, wher ei nc?ﬁgmsesademeyofless %%q?/l?réeﬂr}i%é bond curve enhanci ng agent '

cenprises at | easp, oneTies processeor\fibeylaccording to claim 1 ord; G¥lr€intsaidAbyer .
62. The process or fiber-according to claimb59, wherein said polynmer 5
bl end conpr cepprisess dehien of(bepmﬂneﬁuouw.iwicbht of said ethylene vinyl
acetate ol ymer .- ' . . 63. _The process or
fiber according ©d-cl éliphﬁmoe'?sszzr fihes pecording @ claim 1 or 2, whereiggpighiibers| end

is prepared.by tumil e mxiggb 64. "~ The process or
fiber accor Blo[ngcgpgpﬁpg T0&Eher ei n sai d polymer. 1 0 bl end
.conprises about @55 t ' e e 3N Y safEEhat €

pol yrer . 8 Q‘hé %&&Q?g?ﬁfeﬁﬁgﬁo&ﬁfgggﬂ%@ ? ?Glggr’ a’a{l\égéc})kic??ng t%t claim
44, wher ei nissebitoRPoneBS fiber. _ bl end conprises about. 1 to 5 wei ght
percent of said ethylene vinyl acetate - polymer. 15

66. The processS53r f illherpracessodifibgr accortingiogtainwher @, wherdin spidl fybesr
bl end conpri ses .about 1.5 {’i% 4 wei ght percent of said ethylene vinyl
acetate compnsesastaﬁtgi} . - The process or

67.
fi ber according claim6 erein saigd. paly . _.blend
conpri ses about EQ\Aei Wpﬁg?eéggf ﬂ%}“ %‘3‘%0 g‘é’%ﬁ%"@%@" !/loﬁ%r w:slg’éet"étsgldpol ymer. 20
68. The pr | is | ] el
i s prebl elr[: 9%&'[1’?2%4&3&&?%&?2%%1{)?%%?ltggg%ﬂgse%gB I yrrgrgy tagﬁgfgr ma p(?igﬁl end,
and curve enhandidgpgeisend is nmixed with said pol ypropyl ene.

69. The process or fiber according to claim68, wherein said
55.  The process or fiber according to claim 54, wherein said plurality
of borrd curve enhancing agents cdmpris_es at least one ethylene vinyl acetate
T polymer and at least one polyainide.
" 56.  The proceés or fiber according to claim 54, wherein said plurality
20 - of bond curve enhancing agents comprising at least one ethylene vinyl acetate
polymer and at least one polyethylene.
| 57.  The process or fiber according to claim 1 or 2, wherein the ' |
polymer blend condprises at least about 80 percent by weight of polypropylene.
58.  The process or ﬁber-according to claim 57, wherein the polymer
25 blend comprises at least about 90 percent by weight of polypropylene. |
| | 59.  The process or fiber according to claim 1 or 2, wherein the
polymeric bond cui've enhancing agent comprises at least one e.thylene' Qinyl

acetate polymer.

60.  The process or fiber according to claim 59, wherein the

30 polymeric bond curve enhancing agent comprises at least one ethylene vinyl _
- AMENDED SHEET 13 MAY 1998
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'pol yet hyl ene (EO ne havi ng a densi ty‘ d)f at Ieast about 0. 85
e ‘!‘lmmllm ml |i\ The process o A ibgy, %qq

~according to cI a elsh sai d PO ol yet hyl ene. has
density of at |east about 0.85 to 0.93 g/cc - The

process or fiber according to claim70, wherein )
pol yet hyl ene has a6densilhg prpcess qfefm aﬁ%dtng)togga%% yhergin the

ci ai m 59, whePelmeis howd fyve pahancing apet EURSEGS affeasl BFL cBS RO
cont ai ns abou |ght percent vinyl acetate units.
73. The pro%eegasléor&%&gmr ‘according to claim 72, wherein said ethyl ene

vinyl acetate polyggr C%E%irﬂ@es@'@@lﬂbeﬁaé@rﬁﬁxgvmldﬁitn $9rwherein/said pobantmat e
units. 5 The process or fiber according to claim

73, swher ei n shleidasomypréses less than 10 percent by wejghtafeaid eshyleng vinylasetase ns
about 10 to 50 wei ght percent vinyl acetate units.
75. The propelymesr fiber according to claim 74, vvherel n said ethyl ene

I nyl I b 20 0]
i 7s, CCC A POLYRET O Dot 8P Hner prostdis R, LBFZ&@%EE“SXFOE‘EFE?K
75, wherein Sﬁbl&g@r ér?tf‘ﬁ(})re?aredb tumble H’hi‘ﬂﬂk acetate pol ymer contains |

about 25 to 3 I'ght percent vin acetate uni t's.
77,  The process g4, fi [The pacce3s ot fibet acovrdingtd c¢mm259 Whlsereinrsasdpdlyshém- 15
coreflber shows a residue trail in a hot stage test.

7810° The pr oblesd compirises bautdbf do Agveightpercentsd, saichethylenesanyl aSCHIe ene
vinyl acetate pol ymer consists of ethylene and vinyl acetate units.
79. The pr oRlyEIes fi ber according to claim59, conprising

eyt cne-vi " 'aLeEbe o THAZREPREGF 5Dl BRCAURRO BTS00 50t bober
sai d extrudi ngeGAMBHIGAR SKbECII weilil RALAHTRE sRUBYIEE Oligh atharent

| east one spinnerett € process or fiber
according to p‘é@n{grl or 2, wherein said fi ber conprises a,
deni er of about 1.5. 25 The process, or _fiber
acdsrding to cl ai nﬁd or The prieease on fibar @pcpirdjgg to claim 65, whereincsgighpp

deni er of about S Q.

according to léElIeHi]i sompsises abgicl-& e 4 ugight P‘HE'Fm ot}esa{)({ etﬁ%isene V“@él %h,t%s a

deni er of abo;%ly%nez

67.  The process or fiber acc_:ording to claim 66, wherein said polynier

blend comprises about 3 weight percent of said ethylene vinyl acetate polymer.
20 68.  The process or fiber according to claim 59, whérein' polyethylene
is preblended with said ethylene vinyl acetate polymer to form a preblend, and
said preblend is mixed with said polypropylene.
69.  The process or fiber according to claim 68, wherein said
polyethylene comprises pol'yethylene'having a density of at least about 0.85
25 g/cc.

70. - The process or fiber according to claim 69, wherein said
polyethylene has a density of at least about 0.85 to 0.93 g/cc.
71.  The process or fiber éccording-to claim 70, wherein said

‘polyethylene has a density of at least about 0.86 to 0.93 g/cc.
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83. The process ”{ ’ﬂﬂ i to claim1l e e | éi ber 30
‘corrpri.ses a deni ercli M’ Mﬂl’lf - 100- Cﬁ’é‘\/ﬁ? iegf‘miﬁlgg 8
84.  The process or fiber atcordisfig to claim1 or 2, wherein said fiber
conprises a staple fiber having a length of about 1 to 3 inches, and a
deni er of . 0 . . o The
process or fiber a7(:zéprdTl}1 tgg%ﬁ%ﬁ#%ﬁ%c%%?%fond%g?égf ng}:elnsaldgeéhylene :
conprises a stmflaetdtdpolyndeticdataind k0. Plo W%gﬂta%?cén?vﬁm 126B&%e units.
86. A process for preparing a fiber having a skin-=cdre structure,
conpri si ng: 73.  The process orefitier adéording toadlyine 72 pivherti S4ll etleylBae
pol ypropyl ene, agd a softening : o pol.yme.r'ip additive as a hot
extrudat e; aNHiyl@cetate polymer contains abougdita iSAgveightipercenisvinyl adesate initshot

extorudate forns a,fi ber,having a: ) kin-core structure. :
87$'The process of4fib #‘eétfee%ai%&bﬁbaeqoadmg@ﬁalm 7§m‘€h%r|¢m saad gthylene

core structu | _ 1 chhner, zone and radi ent

Cher ebet ween: TYsinal el UEAEES ABHE1 0 SN Gen Gt S By

oxi dative 15upjts. - chain scission degraded pol ypropyl ene as conpared
to said inner zone, and said gradi ent conprising a decreasing
vei ght average moV&cul dhepeoasiss ot fiber acotdiag to claim 74, whereinXdatd Bfylsie f ace.
88. The process or fiber according to claiml or 2, wherein said skin-

core struct uyigytassipteolymer contains abput 2 tas40 weightynescenitivinyd acetate a sur face
28 gone of said pol yner blend surrounding said inner core, said
S Qface zong Bits: conprising said polypropyl ene as oxidative chain

sci ssi on degraded;g  The progess grggir')ée(rpe{c%}/diﬁg?o cl%?mtﬁh}'ﬁe?%}%esiaw gtﬁmp{geor e and

sai d surface zone def _ 5ol yer
bl end. vinyl acetate polymer &htaih8 8bOiIOLERSI PveldHt Per@nt i1 38 cl ai m 88,
wherein said Qi,i dati vg 23’5 . chain sci ssg: ogkl(;legrac]-gg p%t%lglépropyl ene
is substantjumitsy [imted to said surface - --zone, wherein said

i nner core and sajd surface zone conprise adjacent discrete =
portions of said &kin- Eeg Brosess et fiber according to claim 1 or 2, wherein saidhekinr ocess

fib di to claiml or 2. erein said skin- ' core
g[sr ulct 3;eaggc§%? h@g s%w§ﬁﬁ%srlé%‘{}%‘¥m g\gﬁf $28ofSPter bl end, a surface zone 30
rroundi ng sai d ggnner L r : e I S .S 4| | r
e 0 S 7N TR e i e A RE e G0, YRR B b LR e
material , switylaicetate golydi@consises of ethylene and vinyl acetate units.

79.  The process or fiber according to claim 59, comprising -

7
one?

feeding said polymer blend comprising said polypropylene and said
20 ~ ethylene vinyl acetate polymer to at least one spinnerette; and
said extruding comprises extruding said polymer blend through the at
least one spinnerette. |
80.  The process or fiber according to claim 1 or 2, wherein said fiber
comprises a denier of about 1.5. _
_- 25 : 8l. The prbcess or fiber according to claim 1 or 2, wherein said fiber
~ comprises a denier of about 1.6. |

82. The process or fiber according to claim 1 or 2, wherein said fiber

comprises a denier of about 1.7.

83.  The process or fiber according to claim 1 or 2, wherein said fiber

O oy Lt ST A

- 30 - comprises a denier of about 1.9. |
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-102 - urface Zone defineja
structure, and sai d \! \l k I et
substantlally equal "&0 an waver ade I’halt roWrate of sald et

core StI'UCt ure COITp

5 : rate, aém SsaT € PTY&EPS RL

n i nner cg{)e of

%3%92 AL %é%bi{nep OBy WHCEEIR AL IBRT ¢ o

300% hi gher t |5P@e

92. The processS r1§es asta%gcfbbrer hrabﬁig(r)?l#glmm{;faor 38\,\%@3%95 598@&9&
conprises at |gast o hol | ow portion. Fi ber
produced by the process recited in claim1l or 86. 10 94.

A nonwoven mat er i al85%onpFheprgess drefiberameording o thniml 84, wherein s2id fiber
95. The nonwoven material according to claim94 cor?)rl sing a basis
wei ght of | essomprisealggiiaple fibgr hayiogrd length of about 1.2 t021nc €s.96. The

nonwoven nateri al din claim.95 c i sin basi

wei ght of |ess tha%%;b‘é ‘%?SE?’EIH‘[C@PF}'@ al@” rhavinga skin-core SUYGUre,th o
nonwoven nat er| ?k)r?sqrg%r ding to claim96 conprising a basis

- wei ght of | esS out 17 g/yd[err]. - 98. The
nonwoven material ageHtHgs pb rﬁéradlé?ic%o PRIrigSHdl ﬁp?i’e?iesandasoﬁemn
wei ght of | ess than aboutgllg [gy/y P gsp %o _ &
nonwoven mat epolymeric additivg asa@ hdtaavclmaﬂtecan@rl sing a basis 20

wei.ght of less than about 14 Cg/ yd[err] 100. The
norifloven material ®Eevdingeon tl@m%sqﬁmtlm)hqtrqxgnudgtean@Sﬁber having a

wei ght of about. 14 to 205_& yd[err]. 101 The nonwoven
material accoSBAEPTESUECHIRY 95 bonded t oget her . 102.
The nonwoven mat er igal I I QpRled _
t oget her. 87. THepi ogéé}%rgﬁ’o eiﬁ%gf“z E&‘glr%@l r%’orrpr Isrg%édg{(Iq east

one absor bent chryffuctdettomprises a surface %bné %ﬁhn@f‘ﬁoﬁ@ﬁﬂ@ﬂ gi’acfléllilr ic
conpr.ising fibers prepared according to cl aim 1 : 86
thermal | y bonthedebetgeehpesaid surface zone comprising a high concentration of oxidative
15 | chaiﬁ scission degraded polyprdpylene as compared to said inner zone, and said
gradient comprising a decreasihg weight -a\)erage molecular weight towards the
extermal surface. | |
88. The process or fiber according to claim 1 or 2, wherein said skin-
.core structure comprises an inner core of said polymer blend, and é surface
20 zone of said polymer blend surrounding said inner core, said surface zone
| comprising said polypropylene as oxidative chain scission degraded
polypropylene, so that said inner core and said surface zone define a skin-core
‘structure of the polymer blend. |
89. The process or fiber according to claim 88, wherein said oxidative
25 chain scission degraded polypropylene is substantially limited to said surface
zone, wherein said inner core and said surface zone comprise adjacent discrete
portlons of said skin-core structure.
90. The process or fiber according to claim 1 or 2, wherein said skm-
core structure comprises an inner core of said polymer blend, a surface zone
30 _ surrounding said inner core, said surface zone comprising said polymer blend

as oxidative chain scission degraded polymeric material, so that said inner core



£

=10

15 .

- 20

25

or 86 thermally bonded together

ad 3 Lol 4 \J
>t F‘ N VAN VR e 3 1

T R

and said surface zone define a skin-core structure, and said inner core has a
melt flow rate substantially equal to an average melt flow rate of said fiber.
91. The process or fiber according to claim 1 or 2, wherein the skin-

core structure comprises an inner core of polymer blend having a melt flow

' rate, and said fiber has an average melt flow rate about 20 to 300% higher than

the melt flow rate of said inner core.

92. The process or fiber according to claim 1 or 2, wherein the fiber
comprises at least one hollow portion. . |

93.  Fiber produced by the process recited in claim 1 or 86.

94. A honwoven material comprising fibers according to claim 1 lor 2.

95.  The nonwoven material according to claim 94 comprising a basis
weight of less than about 20 g/yd>.

96. The nonwoven material according to claim 95 compnsmg a basis
weight of less than about 18 g/yd®.

97.  The nonwoven material according to claim 96 comprising a basis

weight of less than about 17 g/yd>.

~98.  The nonwoven material according to claim 97 comprising a basis
weight of less than about 15 g/yd?. |
99, . The nonwoverl material according to claim 98 comprising a ba__s_i_s/"
weight of less than about 14 g/yd®. e ..
100. The nonwoven material according to claim 94 cpmfiri;ing a basis
weight of about 14 to 20 g/ydz'. B -~
101. The nonwoven material aiccordrtrxg-’cb claim 95 bonded tog_ether.
102. The nonwoven material ,aec/ord/ing to claim 95 thermally bq_nded |
together. - - B _ B
103, A hygierﬁcprgduct comprising at least one absorbent layer, and

at least one nonwoven fabrlc compnsmg fibers prepared accordlng to claim 1
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