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PCT/ US96/ 05080 UNDRAWN, TOUGH, DURABLY MELT- BODABLE,
MACRODENI ER. . THERMOPLASTI C, MULTI COVPONENT FI LAMENTS
This invention relates to nelt-extruded, nelt-bondable, thernoplastic
5 filaments or fibers, particularly nmulticonponent fibers, such as

bi conponent fwb®§s7644 of the sheath-core type, precur SgFy/use6/05080

t hernopl astic polyners therefor, and articles of such filaments or
fibers, such as open nonvvoven webs useful |n t he formof entr -

way floor matting olENDRRAN QUGH. DURARLY, MELT;BONDABLE, MACK ER.
relates to met h@ﬁﬁ%gﬁ@%ﬁ?@ﬁﬁmmde art icles
thereof. In a still further aspec 'S Tnveniron relates to

thernppl astic alternatives for poly(vinyl chloride). Fi bers

based on syninel i or 0o mBTRAIDYRIAAI kaBheRib bl

I ndustry. One manuf aturing net rmation 1's ne
whi ch. s¥ nifilaments apﬁbgrmammdarbgauluwmm fibers, suchl asibicgmponent fibarsie

nmol ten polyner is f thr et (

smal |l orifices), aﬁ@h{%ﬁgeajﬁgfor%ypwﬁcg ‘3‘2‘ p%kgl tﬁ%&fﬁﬂdﬁgﬁg 8gch
orifice is guided mmﬁmmkdagbmmmm%mhbmmhmuMImdne‘ﬂomlofmu-y-
In nost instances the filanents for.ned nmel t. spi nni ar e, not swtable
textile ¢ R SOt ARG G AP ) KbpTother ot S o8 HeRts
successive draw ng nﬁﬂﬁfdﬁbfﬁﬂ&ngsmdﬁlamentso@lﬁ%&ﬁidrﬁcléshw IxDistﬂlCthdher
stretching and attenuation of fiber filanments to achieve

i rreversi bl e ex!®nasmsat Hizinyentionsplates tp theqmaplastiG alternatives fR?tPBIrYé"meﬁ'p‘PE%)
textile fibers 20 haveFibbﬂ‘Sﬁsredgﬁﬁﬁiﬂeh@ﬁrghﬂcP&ﬁm&@ﬂ% luﬁofél%e@'ﬁe Sl -

Fibers in the 3 to 6 denier ran eneral [y us I N nonwoven
materials as wel | dnsdustry. vﬂl\eermmfactumlg metbod 6ffiber fosmﬁtinn is melt spmmngumsvlrnch

apparel . Coarser fi s. d |n cat ster d
certain % t
| e BofimeEl g ok it B A ol e e

Beﬂngl og%/llz the ;thrbug]mgpm&ret(adxewnhmmy\c:hmn obtifices), mdtthejemfeﬁiltedcpnur:teres <

ex enjer ers ere di
ol yrers are. ext st R britce  fuidedtt R Efotios gy bolymes idites.
~ skin/core configur ammnstmstwﬂmmbmﬁmt spinhing areynodsuithblb eextile
Ki rk- Ot hmer Enc CtLeanad a of g‘ncal Technol o ourth Ed., John

Wley & Sons, N.Y. Hbgfgun ebeewbiei'g {0 oneqr mare succeysive draying operationso

A type of bi corrponmhwihg ke | ha oEE&d&k&Qﬁmﬂﬂ Rlterdb ST Rber Hmentst8 allisveQi Cal
30 paper by D. I\/brgqyg{s’bllch ppears in_ I NDA Journal of Nonwoven Research,

Vol . 4(4) qmsww to develop aftipe fibsrstmesyren Typical dextiig fibers: | s
worth noting ¥hed thiw linear densities iPthOfanfe/ ofty oS URMARO FHMs ifi tHRS't& 6-denfepfangRde
have been side-by-side acrylics used In
are generally used in nonwoven materials as well as in woven and knitted fabrics for
use in apparel. Coarser fibers are generally used in carpets, upholstery, and certain
industrial textiles. A recent development in fiber technology is the category of
microfibers with linear densities < 0.11 tex (1 ﬂenier). Bicomponent fibers, where
25 two different polymers are extruded simultaneously in either side-by-side or
skin/core configurations, are also an important category of fibers. Ki _&Q_t__
Encyclopedia of Chemical Technology, Fourth Ed., John Wiley & Sons, N.Y., Vol.
= 10, 1993, "Fibers," pp. 541, 542, 552. . -
o A type of bicomponent fiber is the bicomponent binder fiber, the historical
. 30 paper by D. Morgan which appears in INDA Journal of Nonwoven Research, Vol.
. 4(4), Fall 1992, pp. 22-26. This review article says it is worth noting that the

_ majority of bicomponent fibers so far made have been side-by-side acrylics used in
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SUBSTITUTE SHEET (RULE 28)



WD 96/ 37644

PCT/ US96/ 05080 kni twear garnents to provide bulk. Table 1 of this
review article lists suppliers of vari ous bi conponent fibers, which
are of relatively | ow denieéer, ranging fromabout 1 to up to 20.

U S. Pat. Nos. 4,839,439 (MAvoy et al.) and 5,030,496 (MGurm) 5
descri be nonwwodgrsedssi cl es prepared by bl ending nelt bondablgeradogasggonent
sheat h/ core, polyester, staple fibers having a denier of six and |arger,

for exanple 15, with synthet organic, sta fipers, f rrri g a
nonwoven web fr om kiit¥eps gapments to Jﬁ’@&t Tg@ "lﬂéﬁ‘g “‘8‘&@3‘
bondabl e stapl e fi Rgiods bidnipBhént Bbéry, WiihGre ofrelatively low BéniddOrfigin ﬂanmhu

coating the web with a binder resin, and drying and heating t 10

coated web. toupt0o20. y 5 pat. No. 5,082, 720 (Hayes) di scusses prior
art relating to nonwovens, Pat. Nos. 48355430 (Meia sr@bugbgum-i-@)fl bers.
The invention ofthe Hayes patent, is rected to drawn or oriented,

nel t - bondabl e, Bi c%%ﬁémwmﬂﬁlﬁlﬁiBfehﬂfe‘i‘bﬂ%ﬂ“@m&)ﬂelimﬂdames bigampppent deni er
formed by the co- Sﬂbﬂﬂktg’% g i §hb§¥‘@wﬁg§%tﬁ& ik aﬁ?la\g‘%?rf?r exlnﬁple

conponents, e.g., Ina -cbr or e con

i medi atel y 15 with sy)gnetld:lmrgaxﬂqm’mle fibers, foaning haynmmfweblﬁadnhabld:dt hen
drawing the filaments gponen tef at | east
partially crystall @%Vﬂ’ép °5'r‘ﬁ§‘é"‘&ﬂablép“ € stapl Fﬁf‘ég aﬁ-"gmﬁiy

pol yet hyl ene ter emtma,ah@weu;ebatﬁbmyW&rmﬂw biridéeresif,inil ArYirand Bedlin

nyl on; polyim S{g n‘golx erimde; and polyolefin, e.g., polypropy ene The
second 20 rises a blend of certain amobunts of at |east one

pol ymer that i's at U.S. PaE N, 5/082, vwmayesyamssak bﬂd}%naeﬂnﬁmlnaﬁ&swene
anor phous pol yner, e the bl end has lgm nt of at | east

130[err] C and’ at |\§%?§9‘t Wm%rbem#abhéibﬁm Th%quyﬂpmef ¢ Hayes patentds
conmponent. Nate“adtﬁctéé'fot&i‘mr@mf&{en agg?ébénﬁgﬂee;ﬁiﬁémﬂo i Rt or'fiBers BEE

pol yesters, pol yol ef 1 ns, St conponent can be
the core and the $88h mez@ormeﬁpmhem-smamnwatmstmd:sﬁnwwpdhendm conponent

fiber. mpbileb /€4 WP LUC L NG LK Ll bt ey P! Y

vinyl"), a synthetl I ¢ pol’y e open or
porous, nonwoven, mhhngeheﬂlamentsnhﬁeeﬂteym&rmeﬂIahdﬂmsdfmtirsgtﬁé ﬁﬁﬁu&ﬁtk Mhe The

mats are used for veri of f]oors or Iki n
surfaces, such as ﬁ %‘?ntdfggﬁeg"éab&ﬂtlleﬂftﬁ@“%yﬂ 'ylepaha‘efwca? |den'?i al
entry-ways or fqumlyemrﬂe Qai:dlyamene rqﬂlﬂmﬁfd?pﬂ]%h&’ryldﬁﬁ%lﬂﬁlie ldé@?h

e

machi ne operator st t|o ve,.and  tra irt and water from
bott om (sol é'§°3'rﬂ9 Ey&?@'ﬁ@&s‘“"ﬂ?&ﬁ@@tegbB@)‘VEWBJHQWCJPB&CQM reduce

fl oor mai nt enapge,compshent compnses a blend of certain amounts of at least one polymer that is at™ 2~

least partially crystalline and at least one amorphous polymer, where the blend has a
melting point of at least 130°C and at least 30°C below the melting point of the first
component. Materials suitable for use as the second component include polyesters

_ polyolefins, and polyamides. The first component can be the core and the second

25 component can be the sheath of the bicomponent fiber.
Filaments of poly(vinylchloride) (“PVC,” or sxmply “vinyl”), a synthetic
" thermoplastic polymer, are used to make open or porous, nonwoven, three-
dimensional, fibrous mats or matting. The mats are used for covering any of a
variety of floors or walking surfaces, such as those of office building, factory, and
30 residential entry-ways or foyers and hallways, areas around sw:mmmg pools, and
machine operator stattons, to remove and trap dirt and water from the bottom
(soles and heels) of shoes, protect floors and carpets, reduce floor maintenance, and
. —— S |
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WO 96/ 37644 PCT/ US96/ 05080 provi de safety and
confort. Cenerally the mats are open or porous webs of I nt er engaged
or intertwi-ned, usually |ooped, sinuous, or coiled, coarse or |arge-

di aneter fibers (or filanments); such fibers are typically nelt-extruded

from pl asticized PVC i nto single-conponent fibers which are

aggr egat ed amwibo bssrded 5 (usually with an applied bi nderpcGamiokiishse’ - - -
adhesive). An exanpl e of cormerci al ly- avail abl e matti-ng product is
Nomad[ err] matting_col struct i ntere ed | ogps of vj nyl
filanents that ar Mﬁﬂ% dnats 218 opencAy PRouS P hered to a

backing - see prommmgﬁetm%%%w&@mﬂwﬁaﬁk,wc&w%&%l&gei the 3M

Company, St. Paul, .M nnegot Rel ati vel y early patents
describi ng mattingd %ﬁ?%&?‘!‘% spﬂbﬁmaretypxcallymﬂq-m @fromci udi ng PVC

are U S. Pat. Nos.pluifiddd 08 idté s @xltﬂ‘b WhitA GrdihBregated dboﬁk@d‘”er et
al ., 4,351, 683 KupsHek),_ and 4 %ﬁ n f/rsnetta gaean

aspects of the t(ﬁﬁ!!nm!@bﬂi medbmctenw@npar ve)bAnexargplmfa:pmer«aﬂlypru ses

ext rudi ng

toward and into a wate %?&gﬁ%?‘)@a&m %é@%%@éﬁgw

i ntegrated, or |ntmylﬁhgbmdtland'ebwnhdtogetherandhmycbeduﬁpoﬂedm adherkdtoned.
The web can be suls uentl tr ed W | into

i mprove bondi ng, &aﬁ@ﬂ% dﬁ%ﬁ"@@ﬁ"&f ?@R?@%ﬁqg‘aﬁﬂf']°'°i7ﬂ‘eg@é*° the gﬂﬂbsence
of a bondi ng agentCaﬁpmgSStmaapMmgbtﬂmﬂsmred subsequent to the web-

form ng step, ge fila egatps ofthe web exhibit a tensile strength much

greater than t ha ‘t’ﬂiéeﬂ' Patepss describing matting made fom yarioys Pt of
tensile force applji@tedificthdifz PO are U.S. Pat. 2dsS8 sﬁﬂés&ﬁh&& 2134 6

application of a subsequent bondi ng treatment ' bérs o the web

will separate at t(ylanneriebal) 04.3$luﬁ8ér(l<usﬂaln)emd h@kﬂ&ﬁgWﬂyngL@b)qmu

than the fibers w mﬁ, chl.ori de)
has been said to ng eec%\r/l r onrre ‘*efcnbe‘i 'Qéhesﬁﬁﬁg'gﬁbgé?@&%é%éﬁg%éxf gxtmdmg
conbustion prod u c tapnﬁmlohuﬁlune:ns(oﬁthmoﬂmn ipolyner doveivagdtoward and into alvatérde
fames. It has t hat .t exi sti use of PVC | n Sweden shoul d
be phased out &’fﬁ‘?)g’ﬂﬁ‘%&o‘ ebs‘gg“ E‘gﬂ“@f@ﬁ&(?éf wéin‘gﬁﬂ‘? 1994,
. 23. 01e bﬁnmmhmmmedal'rteweercaﬁ bésubsdqaénely tredtedwith Bondingst OP
maki ng PVC based el astic roor| ng and | aunch a new, PVC-free

flooring -- see PI3%EAtOL T5{BIR ImpigyR Ropding, strength, pregrations Tygisallndndhe i s bei ng

directed to alter mbinyeS o ndiffbgent or resin applied and citedUMREQRRA o idGER and
nul ti conponent fibers are desc%llg%egd in |pp " Q(ﬂrrgr %ncycf%pedl a of

Cheni cal Technol od9ming stepy thefilamentsof the yehiexhibit a tenil%m’ensfh much greater than
- 3- 20 that of the spot-bond itself. That is, as a result of tensile force applied to the web

after spot welding but before application of a subsequent bonding treatment, the
fibers of the web will separate at the sites of interfilament bonding more frequently
than the fibers will break. :
_ Recently poly(vinyl chloride) has been said to be environmentally

~ 25 -undesirable because its combustion products include toxic or hazardous hydrogen
chloride fumes, It has been reported that the existing use of PVC in Sweden should
be phased out by the year 2000 -- see European Chemical News, 4 July 1994, p. 23.
One Swedish commercial enterprise stated it plans to stop making PVC-based

) elastic flooring and launch a new, PVC-free ﬂoonng -- see Plastic Week, August 9,

30 1993. Thuis attention is being directed to alternatives for PVC.
Bicomponent fibers and multicomponent fibers are described in Kirk-

En iz of Chemical Technology, Third Ed., Supplement Vol., 1984,

3.
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PCT/ US96/ 05080 pp. 372-392, and Encycl opedi a of Pol mer Science and
Technol ogy, John Wley & Sons, N.Y.,Vol. 6, 1986, pp. 830, 831.

Pat ents describing certain nmulticonmponent or bi conmponent fibers
include U.S. Pat. Nos. 3,589,956 (Kranz et. al.), 3,707,341

(Fontijn et @ogemréyl89,.338 (Ejima et al.), 4,211,819 (_Kuni oébee. 34,655 -
5 (Kuni nune et aI , 4,269,888 (Ejima et al), 4,406,850 ( 4,469, 540
(Jur ukawa et al 500 384, m oka e,t aI 4 52

al ), 5,082,720 (ﬂﬁy@@ﬂ)ﬂ and ﬁ%‘“‘waégslssoft

manuf acture of W'&hﬁwomrs 19863?{)5830 831. Pateﬁtadesanuwimmlmﬁ:amn of .

t he met hod of extrusion of these

bers are als escri n
Ki rk- Ot hmer, Thi r @r bigompangnt fibers include 1eS. Pat. M&%@éﬁﬁﬂﬁmﬁ@ ﬁﬂ@?gﬂi 10
assenblies for ex e are.
U S, Pat. G ol 5 P45 £ imh D 9 A1 ORI CBUBSSIPT 206, 50
(H1ls), and PGS (Kunimune g_m)emse 88&(5]1%4106350 &ﬁﬂl). 44693 0urokyas
(H1ls Res.&DeveI 0 I NQS, Viz,
U.S. Pat. Nos. ‘7@@ 34 (Trpioks etal), fsg?.fgﬁﬂf—hm g’bgﬂz%él@t%?’ner et
?ll) thoughfthe% Ggssacszlrfsas ggg)Pnﬁpmeisofmanﬂmlﬁtbbmmcmﬁﬁommfﬂ&mngs of
ilaments of substantia .anor phqus suc r.ol act am
whi ch are formed A8 fq"PFFi"ﬁ\ff M'Baggﬁgmﬁﬁgﬂ@?@’&é‘?’gﬂ %uch a
nmanner that deschibé ih Ki Thifd Ed), ma%uf 86 Hiteridy @éstritiig! spinbreO PS
randomy bonded at their points ontact as they solidify in the

bath. These pal@ntassemblies @rmdmmwy ﬂbﬂ%"ﬁ“hﬁ sheathrcare type are U Pat. spun,
| d, d bond h 20
ooped, and bon e‘ik!dﬁ”t‘ﬁﬁ”i%g?}ém'gg?gh%i o (P%ﬂ&ﬁ'@ibﬁ%b Fﬁfﬁc?” the

filaments, or that 1’0 "avol y substantla ensi on
capabl e of Intsmamdmgm pubiistied|as WO, 89/02038 (Hily Res:. & Devehdnadwn t hr ough

the cooling bath so th r I
i e e R e
wi t hout spinning i eroer i ing, describe
essentlally of grelt S f{' o?'t ¥a\1nn G are selfﬁ onded ,or f sed random .
poi nt s e Bt e of miEnbil BiphG s poR R Guete b iveBie

descri bed ln U S “mefonnedbynNnspﬂmﬁéau&%wﬁ@mtﬁth:ﬁkuc)namannerthat
A series of paten#!#] ssued, to_ Yamanaka et al

4,859,516, 4,913, taefilaments lig injthe form of e&%beP‘B%‘W%Wm‘L‘Jm'@%%MW%N‘%%f
filament PSR Hregh I

synthetic resin vertlcgﬁn algqﬂ?%é\:\%gd tﬁﬁe&’sageﬂsgtégtg? coﬁ?| ng %ﬁ f]s of
water at a speed Iaeegnuraimedayndgbmded wishgug pay substantial W@M&ﬂlam artthe wat er

(to which a susd ARtk of that T refiBle RS s G substaRfial U58Sh bapaBE of
stretching the filaments as they are withdrawn through the cooling bath so that the
amorphous character of the initial polymer is largely retained. Matting articles

| which are formed w:thout spinning into a liquid quench bath and consisting
_ essentially of melt-spun filaments which are self bonded or fused at random pomts
25 of intersection without using any bonding agent have been described in U.S. Pat. _
No. 4,252,590 (Rasen et al). |
) A series of patents issued to Yamanah et al, viz,, U.S. Pat. Nos
"4,859,516, 4,913,757, and 4,95,265, describe various mats consisting of filament
~ loop aggreéations formed by extruding thermoplastic synthetic resin vertically
30 toward the surface of a cooling bath of water at a speed regulated by guide rollers
disposed in the water (to which a surface active agent can be added), the density of

o 4.
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PCT/ US96/ 05080 t he aggregations of the resulting bonded or fused
aggregations being regulated in certain manners.

This invention, in one aspect, provides undrawn, tough, durably nelt-
bondabl e, thernopl astic, macrodenier, nulticonmponent filanment conprising,

5 consi sting,webessmapi St ng essentially of the foll ow ng congsmngsysnsoso
(a) first plastic conprising synthetic organic plastic polymer, preferably -
a thernopl asti c, i ch cap

be.sem cr. s N 2 . :
(b) second pl ast ok @Pﬂﬂ‘em[‘ﬁ@’w"éﬁ”gﬁ%‘?gﬁ? r'r?op+é§'&'?%“l%g?§‘rrer,
sychI as e% h%/l ene- Vt%eﬁﬁhnﬁﬁﬁ'ds?t e c;)ﬁo: ymer o[ h.al bl endI oI an et hyl ene- 10
vinyl acetate copolyner_and ap e ene- ne acr e .c
which melts upon heati rigisiveationg ainsftep'i"xé&""ﬁﬁé'nﬂ?ﬁ%“’%%%%“
tenper at ure whi ch pyalidble, theipReii, niaddoderierdmultiédmpofeéis filakfehtronipBsingver
preferably 30[err]C lower, and.is gen,era&) Keaﬁﬂg)r,@ous or ts:
sem csystal | i ned ~consisting.orgonsistipg pssentially ofit WIRg COIRORES ) ong the | ength
of the filanent, el Ong@ed’ﬂmtplasﬁgcoﬁ Wa;c%mﬁéyayﬁ&,b@m and,

., In

preferably, integral a I nsepar abl e (e. ollTng water), said

conponent (b) defining all athemmoplastictw besemicrystlling, smob/gs nylon 6;

preferably 20-85% of the materjal-.air bounda r i @l Kols gmiprnal
surface of t he |Ia?F§ﬂ?d. ﬁﬁl@cgtfl&wgéyﬁ&ggﬁg%ﬁ%@?) cgt%’ nerts (a)
and (b) can be a single  28uchps ahilese-vinyd adetarccopolymer drl abichdalf ancthiylenan| i t y
of plastic substances and can consi st Qr onsi st ,essenti al.ly of
such plastic sdbstances. SaYWMﬁ@P@@%&H"W‘PﬁF@F‘m“ yl acrj?lat&g%ql % or
have incorporated adj uvant syhich afefts iipontating af eaiperature RWePhah theof Or

I npart a property to the filanment, such as stabilizers, processing aids,

fillers, col oring pregperature which msits enmponent (R a8, atiesshl NG lommmnt s,
ool p LAt s. THe A el Y, €9 2
nul ti conponent filanment bei smpiaryitaltimesponent fil anent, such as a
sheat v core of 31 it ATB e oy oo or AL BB © 1
mul ti conponent fi | contigions, chtivdnsive inlegtls and) preferably; imégral wad insqambple (eg., in
boiling water), said component (b) defining all or at least part (e.g., 5 to 90%,
preferably 20-85%) of the material-air boundary or peripheral or external surface of
the filament. The plastic of each of said components (a) and (b) can be a single
20 plastic substance or a blend of a plurality of plastic substanées and can consist or
consist essentially of such plastic substances. Said components can further
comprise or have incorporated adjuvants or additives to enhance a property of or
impart a property to the filament, such as stabilizers, processing aids, fillers,
coloring pigmehts, crosslinking agents, foaming agents, and fire retardants. “The
© 25 filament can comprise 2 plurality, e.g., 2 to 5, of components (a) and/or of
components (b), a preferred multicomponent filament being a bicomponent filament,
- such as a sheath-core or side-by-side filament. '
Another aspect of this invention provides a method of making the above-
described multicomponent filaments. Such method comprises continuous steps of
30 simultaneously (or conjointly) melt-extruding, preferably at the same spéed, molten
| streams of thermoplastic polymers (some of which are novel blends of polylixers) as
precursoré of components (a) and (b) via one or a plurality, e.g., 1 to 2500,
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30 simultaneously (or conjointly) nelt-extruding, preferably at the sanme

speed, nolten streans ofthernopl astic polyners (sonme of which are
novel bl ends of polyners) as precursors of conponents (a) and (b)
via one or a plurality, e.g., 1 to 2500, : WD 96/ 37644

PCT/ US96/ 05080 preferably 500 to 1800, extruder die openings
or orifices, vigoddtged Ormof a single or aplur?H. :
discrete and separate hot, tacky, nolten, nulticonponent filanents,

cooling them for exanple, in a water giench bat h, and recovering the
resul ting preferably 560 £, £809, extryder dierqpeningsiar SFifiees.dn the ormafasmele ora g

tow or web of Suc;?h‘;ﬁ%%?hﬁcre%andse arate ho éaé:ky , moltes] nififtoMBéneRs f this

i nvention, a plur ove- escrl solidifie

filaments are sel fmwmm%rmpbmamwuymbhathdeQMB
thereof, e.g., in t flaEp s in a
coi l ed %WQR}@&M%@%%' t| ng pom'[b&?u component (b) in
order to effect sdurabl elnanotheraspectofthlm{rénnbmmcﬂuujxt)aoftheébmedtm'bndf aces in
contact with nelted ne (b), er.eb rovi de a
sufficiently bondeﬂ’hg'gg&@& %ﬁem’f-&m&dﬁw&m‘?"’%p Ing a5 Aggregpfion

nonwoven web of duma&bs/egemmbﬁmwmMr:wh%vénwmfmmmdﬁmewed

mul ti conponent filaments.” Such bondi ng can be accg&}) hed gurp%‘
requiring or form, *°°f3|!P§’Pﬂ§“éFtE'8&Pl“h@f‘E9F“P8{'% F% €t he
filaments a binder méiféing s hilifilht s ncontactw:thmelt@d(&{nﬁaoﬂéﬁﬂﬁ'%ﬁl or i xi ng

the filanments with ers though such
materials may HO uthewby providep sufficiently bmleéegsremmvﬁtgeﬁiammeesmaamms

;I'ge filaments Oftw'oi | ggrf‘%dd 15 n?uaeir%le%ﬁ Esedue 'y or a di ?Pgnglololyl "
drawn, that is, stmaltlcdmpb,nent ﬁlaments Such bopduhtaﬂbeebtmnthshedjmthnutmed
In contrast, texti bi ile
fibers, are com*rnn+5%I %&i\%ﬁ"ﬂ%@ﬂ agglmg&ggg%&tsafﬁdﬂrgs"brso'é've &10 tinmes
20 their original admraghdsweusmkidgyhetﬂhmmwﬂsm-ﬁaﬂeibindetﬁbmgtﬂmgh suchnaci ty.
The fil ament of thISI ventjon,,as that rm,j sed.herein,. is an

el ongat ed or matenaq may e 3l io sﬁ?@?’%ﬂ“&&ﬁﬁ?’tﬁp’ﬁg‘gﬁg{i\’&wms mal | in

wi dth, cross section, qhedmﬁﬁis%rthisrin@hﬁmfdnbmghmﬂﬁat-dxaﬂgémmd%amﬁol

the filanment can have a width, dianeter, Cr.oss- sectlon

di mensi on of at | ehsidifiedform, afgp@fsebsmwﬂmr additionally doawn, that,ig, stretched, 25
dimensi on gener al | yiéh.'clonpited '%rittéﬁm{ °ﬁ‘§pe foci® EBets HBudRipbicinithine 0 © 1O

15 mm such di nensi on the cross Section) being
preferably subst artextie ﬁt;ers,pre commonly drawn asauich as, foriexample; 21t 6 or ayes kg tines

5001, 21 L1, 50! 8BRS0,
| arger in cross secti orThelﬁlmnMItlnsnvemm,hs thatrieom isrused heeiin, issanslongated or
textil e.- deni er slender article which is narrow or small in width, cross section, or diameter in
,. proportion to its length. Generally the filament can have a width, diameter, or
cross-section dimension of at least 0.2 mm, preferably at least 0.4 mm, which
' .25 dimension generally will be in the range of 0.5 to 25 mm, preferably 0.6 to 15 mm,
such 'dimension (and shapé of the cross section) being preferably substantially or
L essentially uniform along the length of the filament, e.g., uniformly round. The
_ . " surface of the filament is typically smooth and continuous. Because the filament is
- . larger in cross section in comparison to bicomponent textile-size or textile-denier
.30 filaments or "fine” fibers (which are generally considered to be 1 to 20 denier per
. ﬁber or “dpf™), the filament of this invention is relatively coarse and can be
L chmctenzed (especially as éompared to textile fibers) as being or having a

6
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30 filaments or "fine" fibers (Which are generally considered to be I to 20

deni er per fiber or "dpf"), the filanment of this invention is
rel atively coarse and can be characterized (especially as
conpared to textile fibers) as being or having a

- 6- WD 96/ 37644

PCT/ US96/ 050 $¢b 96/37644 macdeni er (and can even be characterh%ﬁﬂmﬁamg&;ng_a
macrofilanment). Cenerally the filanment of this invention has a

i d it 0 . 0 dnf
more. e.g. . up ?Li%@%%%?ﬁ%%ﬁ?%@éﬁ%?ﬁ%%ﬁ@%@kf '

i nventi on have | ithe filaméatrofithis ieention hds@ lineargensity geddr than 20, dpfandigfmuch 5

Th | ti i t f this.i ' in, t forr
of tiber 5. ot bbonts 10{00R UGFbruahh, o) th SU00) 8%, s BreEanlying REmBotE BERL e
Aggr egati ons of tiavention have tihear densitiés in theapsie.of r500YW®26,000/dpEs, can be made up

of a plyrality of filaments with the sanme or different plastic
conposi ti ons, geomat r iﬁ'em"aﬂm"‘l’%‘ﬁ aments &é@smamm caidieiin the shapesiforme u| ar

orm of such 11 ageBis, isbo, e, ends ind obfe ol ahifeg OmPonent

filaments or, preferably, sheath-core (or sheath/core) bi conmponent
filaments, each obgasesationsef theifipmentspinch as epeg.onwaven(weps,an be made up of a

ot or af i Pk BEEAG T A8 Eod SRUARRR BUSR GrScla hotiBin. 1+ by an

external surface shapesinesanel/or deniers. A paiticulat form of such filamenth isaide-byaside (or

cont i nuols. o br raHeds) PRBPoneH Sapleps o ey LA Fors (or ERIEY) f or one

or nor e C igumiponént filampnts, Radh Wonipsising Sid eompdhentsi@Pard (bpoRR bie 62N be
solid, hollow or orqQus and-straight or helical spiral, |ooped,
coi | ed, sinuous, ‘H?fﬁ&?’&t??fbg,) IIHFl‘facesbﬂwquéﬁgﬁmnppw;smﬁwhémdmrcm ar or

round in Cross Safuh hént BéHed i ar ' e
L obal ol i pto el SFhPARnGK Uthed s fos st an oxtpal TR o Byt
conti nuous in | er{Bk Hn attypigal sheath-goreifilamst, thet shedth, egmponeot (b), ipyovides aimmagrit hem i n

that form | had t | scont,i nyous r, staple form-
of definite | é%gt(%ﬁ}fﬁg‘m"p& %&ﬁ%’ﬂ%ﬁ% g“°?"l‘3’“°£ﬂﬁ'“€‘85“"?§??°ﬂ%"“§1§|f?fo°'!?r°'

noncel | ul ar, or omre comjinieits (a) imtheforinof cores. The filankRitseeh beidold, iRillofwoared Wit h
open and/or closed cells.. Both ofthe c onent and (b) can have
the same form or PQF,%‘BQ“%W?{?% of I“E’Réﬁ‘f’@ R \f@ﬁﬁéxgi)“\’%ﬁﬁ"&l‘h PaSE 25 and
the ot-her conponeotivohaed. [Thep cah téicirbislircditroindiNtibs seEtRADT non-circular or oddin | N
characterizing the multic ment of this invention as durably

fil
mel t - bondabl e, t IfFs ?Fé&%%gg@eagtdﬁﬁﬁagwwsw- arstfriangailar. ohheyrcas be h

filaments, sug Ibntinuousin length, that is, of indefinite length, or, by cutting them in that form,
they can be made in a short, discontinuous, or staple form of definite length. The
components (2) and (b) can be solid or noncellular, or one or both components can
b_e cellular or foamed witb open and/or closed cells. Both of the components (a)
and (b) can have the same form or shape or one of them can have one form or shape
'25  and the other component can have a different form or shape.
In characterizing the multicomponent filament of this invention as durably
" melt-bondable, this means that a plurality or aggregation of such filaments, such as
an open, non-woven web, can be bonded together at their points of contact or
intersection to form an interfilament-bonded structure by heating the filaments
30 suﬁ'lciehtly to or above the melting point of their compbnent (b) in order to melt
component (b) without melting their component (a), and then cooling the filaments
to solidify component (b), thereby causing the filaments to become bonded, to one

SR a2
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an open, non-woven web, can be bonded together at their points of contact

or I ntersection to forman interfilanent-bonded structure by heating
the filanents 30 sufficiently to or above the nelting point oftheir
conponent (b) in order to nelt conponent (b) without nelting their
conponent (a), and then cooling the filaments to solidify conponent
(b), thereby wewssnasthe filanents to beconme bonded, to one peppsosnsess
-7- WD 96/ 37644

PCT/ US96/ 05080 her bon nanen .. al. each of
t heir conti guous ng{og!ﬁlga_%q%?%wmpo%t?b)%g&ﬁgg@ﬁgé@gﬁgﬁg%&% cont act, or
i nt ersections. Sucboumddries, ipointsiof gontéct,t drdntérsdctionsn Ssech melt-bonding of the filaments

self-bonding in that it, is eftfect.ed without using or requiring.the

appl i cation of an 18 seif-bonding "b@?téfﬁﬁﬁ%’@rm}%t ‘ﬁ'é’g At feqa'Pﬂéﬂﬁev‘Bﬁl"?g%‘Pf“‘
adhesi ve coating aggnhet bordinglaliént] orlsaleit] o a@lesive coatinagplisd Phsftamatts 6d

bi nder fiber therewth. This self-bonding feature is thus an

envi ronnent al oP cH¥nSsercalled bhigder fibex therewith, 1Ehis selftbpnding featurpisthus 8 vis-a-vi s

t hose kawsh.ﬁehmm%migelaﬁrg Siathts U@g?vmmvﬁ agent

sol vent, coating, or binder Ing. This selt-bonding
may additional |y Deowndlamentsor fikags thatchse or require such ageritesalvent, soasiigfordinderp ot -

or tack-bondi ng, i Ng r - wal. di b .. 10 .the
strength of the bi%g;?\gﬁ&n@id‘g'?ﬁ%‘#@ﬁ%@%é@ﬁ'@&%ﬁ"?ﬁ“ﬁ%ﬂems of this
i nvention is a durdifiérentisted fromrspota at tack-bormdingy épbt welding, or rerhovablg-weldidg et ur e
resi stant that i pLecfil amen | t-hon [ rengt neral Ly, i s at

| east as great ‘3s PHEegp °Fh‘85’§? %Hﬁ?qtﬁ The melt- onéjaci tpfglg%'ﬂf °4~%'§elf and
general Iy the mel tinventish is & daralle boridn eieutl it islsuffichhtl; strofiglor fracture resistaif thiter abl y
is at |east 4.8 Mg a 700 Bérl{ , based on_the cross-section area of the

15 filanent bef or'Btetiament mel strength generally is at leastasgrent as thatofithe strepgth ded
structure, such ofmemamenaﬁsemugeﬁemgmmbommmhfRhmw '
e y easl

filaments, tack-bonded filanents can ] relativel
separat ed from t hePreferably is gt east 4.8 MPa (s 790 psi), basadjonsthe crpss-sectionearsa of the:

0,02, e (6231051 el kil o563 oA e, ek AARE TS

i
bef ore breaki ng stress I's ap ) I'ng or
breaki ng the fi | arAsthatofan operk donwonensveb ofeniled filaménts; tackibandeddilamentsrcdebe

el £ bonds. - at t eot Suebealt) sbARER R e rie,cu, b pilig B i |1
filaments (as wel 10.0%MPo(ca A sidbasddlon theedrbssizectide drea bfshe filamients beforeTel t - bonded
Tha COrattOn Or | Weeking B8R Sl T, otk fito o AR BBt ncx pect e
advantage by 20 Zhemselgésl Qhe figt tharvaelnbotided Maménteofens invéntidh thehidélvel break,
structural role i r}atﬁgrptl?a%rtltxéirnlgel;[-{fndgg?tgsets to the durably melt-bondable character of the
filaments (as well as to the durable melt-bonded character of a melt-bonded
aggregration of the filaments, such as an open nonwoven web). Furthermore, the
S _multico:hponent nature of the filaments provides an unexpected advahtage by -
25 allowing _oompdnent (a) thereof to provide a structural role in supporting the shape
~ofthe web of such filaments in either a ﬁost-fonnation helt-bonding step.
Because the filaments of this invention are self- or melt-bondable, webs
T formed from the melt-bonded filaments of this invention are durable without
'réquiri.ng thg appliéation of binding agent, or adhesive coating, or solvent and can
g - 30 .l;_ie usedfor article fabrication qtice the webs are melt-bonded. Contrariwise, many
. nonwoven webs made in whole or pﬁrt from so-called binder fiber, which are
- typically textile-size fibers, e.g., 3 to 15 dpf, are ofien additionally bonded,

e, L e o th.
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ofthe web of such filanents in either a post-formation nelt-bonding step.
Because the filanents of this invention are self- or nelt-bondable, webs
formed fromthe nelt-bonded filanents ofthis invention are durable wthout
requiring the application of binding agent, or adhesive coating, or solvent
and can 30 be used for article fabrication once the webs are

nel t - bonded. Wowts®E4 W se, nmany nonwoven webs nad d-ﬁosga@ or
part from so-cailed binder fiber, which are typically textllq’e sl ze #@%ers

86/9.3176?1; 0 15 dpf, are o %prela ocli'olzo:[cf O'%a{;ma/erresmsﬁmfareroll- orspray-coat8ed on the wo

PCT/ US96/ 05080 themall W%&daﬂﬁheﬁ%ﬁ&ﬁty@ﬁdmugﬁdesaredwded esins that

are roll- or spray-coat ed on the her mal | y- bonded, web espeC| ally
when durability and tnghmlgsomem&mtsoﬂhsmv on may be fabricated it c orponent

filaments of this gy SHcIdRY stferirdPsr thitb-dilnénbibid aggregations'compARAS &7 Y

articles or structures or ree di nensi onal aggregatlons conprising a 5
plurality oftheSf mhudﬁmétheﬁhmmmmnbmdthmmwmmmabfm Jtagp| e

form For en,
per neabl e or porous, df@“&%&m bsg%{r?’ggoﬁ*ogﬁ*’ ereng'g%‘{%ﬁ 10%9

i ntertwi ned, int erWebsh&h;tsomemﬂedeﬁwlmdrénbmched orentangledtﬂllmmltsct:r vvoven,
or braided filanent ts t.hat can eral |y strai C pi f

| ooped, coiled, cJPsed ¥oysmRrbr Wgﬁlwwt@ E‘b‘?ﬁé? &&“F'd‘ ‘?f&"lﬁ?f ’h can
extend 10 fromlﬁp&d,%ﬂe@&trbesmu%bs bPothétivise chivolutsd dilamEnfs vATEH dadl eRiehd

material-air bﬁ@ girles ofthe filanents can be nelt-bonded at their
points of inte omyenesnd pithe web ta the pthergnd. The contignoygmaterialairboundagies | of ¢ y

or | ow bul k densi tofthe'ikintents mﬂa{-b&iab?a thGF SR of iftersection or contact to form

di mensi onal | ystabl e, three- rren5| ona l'aentary structure or mass, such
as an openwﬁ@mﬂe,\hﬂ)' orfpwbulk|densisy, umtgry, mayiolithit, coherendpt ast i ¢

Structure, Vebs caumerkOndl i@ ik diffisoni sy srhode FRACBh T, )

in |l engths and w aipkrs nomedveh wel, minimah) opany, meltedthepmoplastic fillingapwer i ng or door

mat s for buil di .en nces and ot her wal k surfac | ' desjred,
the web can bewgl’@f"%m{'%ﬁﬂéﬁeﬁﬂnﬂﬁ@cﬁ shuctyse %bé%'?ﬁ&“ﬁb"d as a

t her mopl asti ¢ sheaizeswihd shipes) ForleRarfiplé, lin REgthddrd vﬁ&h§use§ﬂ(fdﬁ' dXBmpleSas floor
aggregations, or 20, str ct ures rm mgused as I n prow de re5| l'i ent

cushioning in the WWB’{' s fo eUE?éﬁesaP@)Wti‘Ef Hiable

mats or pads to CMfed,fthOQélﬁcaﬁ'beﬁ?Jt Heﬁ-ﬁboﬁdbﬂfoﬁ%ﬁ&laé}o suitable ba%ﬁé,%ﬁéh ishe sanme
fromdamage by dirt, liquid, or traffic wear, rovide safety_and

confort to those- Shssmerlastis sheglingi prigr te cutting Wﬂa‘ﬂ% uch masses, aEETFEINNS,ATe
aesthetic 20 structures, when used as matting, provide resilient cushioning in the form of lofty,

open, low bulk density, pliable mats or pads to cover floors or walking surfaces to
protect the same from damage by dirt, liquid, or traffic wear, to provide safety and
comfort to those people who walk or stand thereon, and to improve the aesthetic
appearance of such substrates. Such mats can be stood or walked upon by people
25 over a very long time with comfort and safety and without losing their durability.
The mats are preferably of such low bulk density or high void volume that, in
" holding them up to a light source, light can be seen therethrough and dirt or water
- tracked thereon readily falls or penetrates therethrough. Generally, such mats can
be used where PVC matting has been or can be used and as an alternative thereto,
30  and, specifically, for those applications described in the above-cited 3M Company
bulletins, which descriptions are incorporated herein by reference. The filamentary
mass or web of this invention can also be used as a spacer or cushioning web, a-

. s :
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appear ance of such substrates. Such mats can be stood or wal ked upon by
peopl e 25 over a very long tinme with confort and safty and w t hout

| osing their durability. The mats are preferably of such | ow bul k
density or high void volune that, in hol ding themup to a |ight
source, light can be seen therethrough and dirt or water tracked

thereon readiwpegdeyd Or penetrates therethrough. Cenerally,pciinsgdeiRgss can -
be used where PVC nmatting has been or can be used and as an alternative

~thereto, 30 and, specifically, for thgse applications described_ in the
above-cited 3M Confitshyeb, as the su%me@fﬁ_mpn&mﬂwmgﬂmfﬁl PR A ghetneering |

| ncor por at ed her ei g o fohlfifl il ohlefibhknAR Wikt and slopes and Wi ike o pofco! L i s
i nvention can al so be %sed as a spacer or cushioning web, a .
-9- WO 9ethem &om erosion, as a substrate or carrier for abrasive particles and the like, and

PCT/ US96/ 05080 e of ] 7 . substrate of scouring pads,

er osi on-contr ol or”cﬁr\wkglﬁs&rgﬁ%%%&c&? matting for retaining soil on
enbanknments, di Bes, andhempicomporint filsméntsof thivinpentibrecdn be fabricated withkm f r om
erosion, as a substrate.or .carrier, for Fbr%sﬂuggsfgartld’c#ﬁs.a d quge I ke, and

as a rei nf or cement nfcisrminatedength, that is; ip truly co m and, i eIty 1P Bent
filaments of this infengthtas e saply SRndlegtedussdt 6fest théteof lasts and havifles Rhgthnat e

length, that is, in truly contjnuous, formand, if desired,_ nade as_|l ong

in length as the sifppndgntonly,an the lpiationsof thefabricating eayipmenss Webs formed fomayi ng

a | engt h ' el . i . Lo
equi pnent. Webs fgtfﬁ%é?d frg%ﬁrﬁmmg&é{p e{ggmgtgﬁ%tibguousafi a?ris’?]{%gbgﬁﬁr#l%e

readi |y cut t o 1@esafiestheyjanrintertvined orfingermeshed a5 looped of goileds handed filaments i
intertw d i nt | ' ' '
the Tormof an opcis BER 0Pk Gitn, RAREeres o afing, AREHiRfvely SE Bnfnlls

cont i nuous filarhentseoan be aint intb staple {engthifibers,tfamdxemple, )5 1110 cib ér length,and
exanple, 2.5 - 10 Ln_ lLength. an sSuc hort | epgths ¢ sgd, for
exanple, in a bonasg@ g’@&r‘%’ F%“’E‘g for expmele, 0§ E"'}S‘iﬁaggmgaﬂg“ %%’Eﬁ?ﬁe or
T eoar tbed 1 o B e b o P kb 5 B2, 503
escribed i,p said, e : , . at . : :
(Hoover et 18 _ %F‘?'ﬁbf’d W‘T?‘éﬁ%%”"p?ggﬂgéﬁg’é‘ﬂiﬂg? at. No. 2.988,p 2t (Haovprett of
an adhesi ve coat i ), which descriptions (et tAé ReuilBleR of ak ¥dHeSilEERTAS are
Preferably the filaments of this invention are nelt-extruded as a bundl e or

group of free fai |ipgpgporatedshesein by referenge. general |y parallel, discrete,
ti , - 20 |t | . | e,
cont | nuous T RO bl BF ik 1RGNt 6] OOUTRI

vi scous pol ynmer nelts, ] exanp core brconponent
fibers, the hot fisreupcofifice faliing, dleselygpased, @eneyally parallel, discrete, continuous,

20 muiticomponent filaments of hot, tacky, deformable, viscous polymer meits, for
example, as sheath-core bicomponent fibers, the hot filaments then being quickly
cooled, or quenched, to a non-tacky or non-adhesive solid state. The hot filaments
can be so-cooled or quenched to form a téw of non-tacky, essentially solid, discrete

. continuous filaments by contact with a cooling means or medium, such as a liquid
25  quench bath, e.g., 3 body of water. The tow can then be advanced or conveyed
through the bath and withdrawn therefrom. The tow may then be further cooled, if
" desired. The tow can be used to fabricate nonwoven pads, such as those whose
) fabncatton is described m U.S. Pat. No. 5,025,591 (Heyer et al.), used for scouring -
. potsand pans, etc., or the tow can be cut into étaple tengths which can be used to
30  make abrasive pads, such as those whose fabrication is described in U.S. Pat. No.
. 2,958,593 (Hoover et al.), which descriptions (except for the requirement of an
adheswe coating) are il}gorpo;ated herein by reference. If the speed at which the
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cool ed, or quenched, to a non-tacky or non-adhesive solid state. The hot

filaments can be so-cool ed or quenched to forma tow of non-tacky,

essentially solid, discrete continuous filaments by contact with a
cool ing neans or nmedium such as a liquid 25 quench bath, e g., a body
of water. The tow can then be advanced or conveyed through t he bath
and wi t hdr amyypbgsRis om The tow may then be further cool ed, .
desired. The tow can beused to fabrl cate nonwoven pads, such as those whose

fabrication is descrl bed 5,02 er et a used
for scouring mﬁﬁﬂé e qgHepch ‘Hﬁ'i?"rf éi‘gﬁf‘&% flﬁ%S st apl e
| engt hs whi ch can geatu&m:hespeeﬁafthmlﬁﬁahﬁ%w@gaadmnwshhaﬁetdm Wnose
fabrication is described in U S. Pat 2, 958, 593 ﬁ ver- et al.

whi ch descri pt i onseqmpgseaseentiglly straight, éﬁi‘lrF‘?"éW“‘W"h'FFd discrete 1 ve
coating) are i NCor por atLfhwohipriSed Of hefidafly SHFE; coilbd, b SorioRiedd, afscréfel Ch the

WO 96/ 37644
PCT/ US96/ 05080 S continuous, owlticompondstifilamants, opesuch filamentrheingishewn iniFigure4,t he

t ake- anay speed, I e hot
filame nt)s/ eP\t eri ng%%g%chﬂ%ﬁoh&dﬁ%béw Fftﬁé\%@/ i Qﬁ“’%ﬁ%‘ﬁ?@%“ 6'@
essential ly st (rjal ]gquﬁmjzh’naﬁrlaltamdkﬁehwayepeedmlhicghalessdmndlﬁpem«ftﬁeamm S.

At t te, - 5
cont  nuous,  ml t1 cOHEIR SRk bifio as Ecpront thebing, Biken sHLéefmaibun |«

Fi gure 4, maﬁen&etoteu inkslan &sénhﬂlﬁhmwmjxaadhémtwqm t ow
S conveyed throughlthe1e quench bath at a take- avva}/ speed which is
e RSy,

|l ess than the dfe M‘h‘lﬁr@?ﬁ% ﬂlaments prefesshiygre guffi E"l‘?ﬁﬂpﬂ'&?’h so as
to permt the falljogat i@liEGD ﬁlﬂehislﬁoqﬁhﬁmgvﬁth the coiling Jch&@é?-’a'a}a&rﬁo coi |

into an essentlallﬁ hel i cal shape adj acent e surface of the quench 10

bath. The free-fal gltsqihqmofmsmws(fmgamplemwsanhedsmﬂU+Saﬂrm Po.
spaced-apart to e W&ﬂ/ﬁﬁ*@%d&%@qgﬁ%ﬁ ?&HH: terfering with

the coiling actlon o amen he use o “a surfactant
(for exanple, as descrlﬁbwebofrooﬂed chulticSmpéient filddents can be formed BBperMtig the the

quench bath na b e to

of coiled, mul yll cﬁtﬁ&&ggﬁ{"% ﬁttgeeggh"%é} %‘?‘ﬁ@ﬁ%@%‘ﬂ‘ "f"f'?‘rg‘”'t"Fﬁ'é“‘"tAé 15
bundl e lo:‘ mel t - extmudbdousfmaaﬁerfei)iﬂmgxgﬁg&,mﬁhﬁe bPaggrogatédih @ desired Otdesed Wi Nd,
or oscillate n_a si-nuous nanne er enga i ntertw ne, or
aggregate in a des?'r’é‘&"ﬁ‘r%ﬁ?'@&oades"ed Wi ?"eﬁ&hhzi ‘é‘a ﬂg’ﬁgﬂf’ UpoRELIMARd web
wei ght, (iii) tackwitipéaclsofbr; ) aRMedistely tikedatter cool to a ndnithckdolid staleer . and
(iv) imediately thereafter cgool to a non-tacky, salid state. The

free-falling nol t eHherffee-fallngraolten flamentsimthe bungisre pffciently spacpd-apasttoalionsar t
Sy oo, S e SO B, TR GREES, T
to the speed of t hwebrprefemblyissufficiently slowré¢iaive to the speed of the ﬁlamems entenns the
quench bath so as to allow the falling, coiling filaments to aggregate adjacent the
surface of the quench bath as described in said U.S. Pat. No. 4,227,350 or.
alternatively to aggregate on one or more contact surfaces adjacent the surface of
" 25 the quench bath. The contact surface(s) may be in motion, as for example the
surface of a rotating cylindrical drum as described in said US Pat. No. 4,351,683,
80 as to collect the newly-forming web and help convey it -into and/or through the
” ciu_endi bath. The substrate may aiternatively be étationary, for example, a plate as
described in said U.S. Pat. No. 3,691,004, (Said descriptions of said U.S. Pat. Nos.
30 4,227,350, 4,351,683, and 3,691,004 are incorporated herein by reference.) The
lightly-unified web thus formed cbmprises MIapping or entangled loops or coils
of filaments and has sufficient structural iniegrity to allow the web to be conveyed,

-11-
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guench bath so as to allowthe falling, coiling filanents to aggregate

adj acent the surface of the quench bath as described in said U S
Pat. No. 4,227,350 or alternatively to aggregate on one or nore
contact surftces adjacent the surface of 25 the quench bath. The contact
surface(s) may be in notion, as for exanple the surface of a

rotating cyl {weseiss@l drum as described in said U S Pat. Nopcrusbabsdad3,
so as to collect the newy-form ng web and hel p convey it into and/or

t hrough t he guench bath. Th trate . gl ternat.i.

stationary, for eXHppts '} %Wéel?ﬂ‘sl‘iu{lﬁe ga%ﬁg ﬁ?ﬁ ?&lec:"efgsg"y
3,691,004. (Said d@ﬁé‘dpﬂ&t@dﬂ&m@ﬁ-bm@ﬂ pS Thisdhelt-Beadin steﬁs‘ﬁvolvesheanngthe :
4,227, 350, 4, 351,683, and 3,691,004 are incorporated erelé}r} r ef eésnce )
The T ght Bt mmﬁ%w%emsa lting of be G PIeRes Bag e cappente)

entangl ed | oops o AT %o&iﬂg t structural
integrity to all o{/vv't eh&o con(agyed h tﬂ%%igéé}%ﬁg 4

gCT/ 389 6& 05080 sOI c(:cmponent (b)anmlerrto effiect melt@m;nmtgemmﬁmmcnztﬁ thnleb E anOI be
ried and store n rior to the nelt-bonding
step. This nelt- b%lﬁ'&f'ﬁ t%?@b%‘?%%ld\'f'é‘glyﬁ'é%&%ﬁg&f‘ﬂ o lightly-unified
web to cause nel ti ng dﬁtﬁduboée@ﬂmnb@inhﬂhu@qfﬁbﬁbamnﬁkmpmmnrﬁiammof

wi t hout defornlng nen adthen cooling the web to re-solidify
5 conponent (b) B“hg?%‘étb? W“%ﬁﬂ?*@'&"%ﬁ?ﬁtsg‘g%‘f PWP%?"égf:tlon
of t he fi | aaamoae:k 5i6h%8 txFiR Tiberd thé ulticompdnert Filkintestts\uT khis

In the above-descri bed net hods of fabricati gﬂl mul t |ﬁorrponent filapents of

this inventior® uwwen,m%@sb%mm dpavins khat is, theSlaments of this ventiop are

conponent or e@hﬁ&ﬂippﬁb%ﬁgm Sor othirwi i ]
mul ti conponent fi I arrent S 'S Inl“gﬁ&l ?\rvoznt | Cs)ﬁ&ragxgﬁﬁsr%ﬂglt?eé! bp@%‘\%aﬁg‘ree
undrawn. That i s, thepareninenghednThe Siaments, afterhaving besn quenshed, are not attepuated,

rechantcal Y. 1ot Qe b Ao B R BEme ke W0 e

are not attenuat e reduce their diamatef, width xaricpdse-sectivhah area MARecthe hat filsihents argi t |

air aspirator, al r o.reduce their

di aneter, wi dtif r‘Bg?‘@@E‘ff’?}ﬂ@m&%é’cﬁﬁd@&“t"ﬁ@ to, their ppp- ts are 15
cool ed and sol i di wxmed $t08) thédidmetats, wilths; oY crosddetonarredk Gnd thapd'Rinain

non-t acky, soljdified state, their .djaneters, widths, or

cross-sect i onal anbstantialiyoressentially thegame in their finished giate. 4hatiis PREF t8W essent i al |y
the same in thei rcdilb&ioﬁB?@eﬁfoﬁﬁﬁmn%ﬂﬁubkeﬁueﬁfﬂeﬁfboﬂds?ﬂﬁ V\slﬁeps,aswheﬁﬁHteCt lon or

web formation. and subsequent nelt-bonding steps firs

cool ed to the sol¢agledtathe solidstate. Heuothsowesis, ﬂﬂhpmugﬁwhé andhelidified nd
conveyed. wousd, il be (e sbulERAA, el oS INTEY wind OTCNT g s
done in a rel ati vetherwise handled ommnessed such handling is done in a relatively relaxed manner
~ without any substantial tension being placed on the solidified filaments. Thus, once
solidified, the filaments of this ?nvention are processed in an essentially tension-less
manner, without substantial or significant attenuation, so that their denier or
'25  magnitude after processing to their finished form can be essentially the same as that
upon first cooling the viscous filaments; consequently, the filaments are said to be
" undrawn. ' |
o Notw:thstandmg the multlcomponent filaments of this invention are
nndrawn, they are tough, that is, strong and flexible but not brittle or fragile, and
30  the melt-bonded aggregations of such filaments are durable, that is, resistant to
‘fatigue due to constant flexing, even though their bonding is achieved without use
g of an added or applied bonding or adhesive agent, such as coating with an adhesive

o _
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W t hout any substantial tension being placed on the solidified filanents.
Thus, once solidified, the filanents ofthis invention are processed
in an essentially tension-Iess manner, W thout substantial or
significant attenuation, so that their denier or 25 magni tude aftér
processing to their finished formcan be essentially the sane as that

upon first cogbbfsheide Vviscous filanments; consequently, the fllagenls a
said to be undr awn. -Not wi t hst andi ng t he

mul ti conponent filanments of this invention are undrawn, they are
tough, that is, st@@ﬂgSdmpiwfewmzﬁ!elﬂmnemmbnddedlkambhderg'tbbxs., Imnd 30

the nelt- bonded a l.
resistant to tlgue ﬁﬁ@gggﬁﬁmﬁg@&%{g&é@%ﬁ teﬁtt(;ug'\?? Pﬁel r
bondi ng i s achi eve@dﬂymmtwedMWbymmﬁgthbymWedommum or

?Clig?s I ve agent, wﬂéﬁéﬂ&tt €. 16 & O%E) - Sﬂmg the segment between them, for

PCT/ US96/ 05080 s mmpie,mmomqreameuitsmmm WiePedy alténvatingthe flafmeiy t h added
known bi nder fi bergs contrast to drawn ¥| bers, the cool ed,

solidified fil arreﬂ{“g‘eﬁf“tqﬁ??‘s %9n can be readi | y st ret ched or
drawn by graspi ng suc I nd of
hB&ahse!of Eﬂé’Hoan)VG ﬁh&nﬁﬁﬁﬂﬁs which @m@g&v\ggﬁbr{cﬁw the®

a segnent (e.g., 10 cmlong)_ - an Ing the segne em fo

5 exanple, to 2 ommlemmmnw ofghls inyentipn, eunitonmental regulations which testrigt t he
filament d se of

t he non-PVC ther n%lﬁ{lﬁésﬁpgfsé caﬁﬁﬁtg g‘é’d&{bﬁq? eril‘al(a:r(;icfmox}, e “5&%&["

mul ti conmponent 14 | Pgﬁheﬁlﬂ@em Ofﬂlissnvemmntﬁmﬂlpr anvivonneentak advahtageiy thaaho ons whi ch

restrict t le to the
fabrication, use, Oreﬂ\gee%rg)élsag?ﬁo%L #%ﬁ?%iﬁkht% gﬁ"’% f%rﬂ?é'?ﬁ I on.

Anf)t her envi ronnentvaiuoamhmfm%e:fnmnhﬁﬁb% m&;ohtlhlc stmm&ﬁh?&h\ﬁﬁnﬁhts\beihgkdlﬂ-e
solvents are requ ura nd the filanents of th

i nvention in the F@ﬁ%’%&‘g SUH'F{%PVP at theif spatigipys meaterigl-ais baundagiesory | anent s
being self- surh@é%dﬁbhﬁhe&d&ﬁtio 8t m@!&vﬁe meiAg ms:ﬁtofmﬁpéne r%?ﬁuaﬁs
material-air b&u gﬁwl es surfaces that are heated

| ower nelting Eﬂt%%ndébm!%bﬂnd(tkﬂsmpatssavérboundsaesrcmsams and thermal |y

bond the same at sai d @y Htesmpanying dR Sh d t he
acconpanyi ng draw ng, which de |ct% ustr {céssonllustratessmﬂe” enbodi nment s

and or features ofmiadimentsander eewresarﬁdnmtm ankewhené tikkeraference minthers

designate like fe & LY fefth el BP LiSments: FI GURE 1A is a schematic

View in elevatlon a artla Cross-section ’
GURE 1A is a schematic view in elevation and partial cross-section

20 showing one embodiment of apparatus that can be used to make a tow of straight or
uncoiled, multicomponent filaments of this invention;

FIGURE 1B is a schematic view in elevation and partial cross-section
showing another embodiment of apparatus that can be used according to this
invention to make coiled multicomponent filaments and an open, nonwoven web

25 thereof;
| FIGURES 1C and 1D are schematic views in elevation and partial cross-
" section showing embodiments of apparatus that can be used to make backed, open,
‘nonwoven webs of coiled multicomponent filaments in accordance with this
invention; .
30 - FIGURE 2A is a schematic view in elevation and cross section of 2 portion
" ofan extruder die assembly useful in the apparatus of FIGURES 1A - 1D for melt-
_extrudipg sheath-core filaments of this invention;

-13-
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20 show ng one enbodi nent of apparatus that can be used to nmake a tow of

straight or uncoi l ed, nulticonponent filanments of this invention;

FIGURE 1B is a schematic view in elevation and partial cross-section

show ng anot her enbodi ment of apparatus that can be used according to this

i nvention to nmake coiled multiconponent filanments and an open, nonwoven web

25 thereof; woosms76a4 FI GURES 1C and 1D are schematic vi %T g}‘@n hgvation.
ar

and partial cross- section show ng enbodi nents of app at can
be used to nmake backed, woven webs o onent
filaments in accordanc«f‘%ﬁf?margegvﬁeﬁ\%ﬁ?ﬁséﬁ‘m"“ggapm%m WA i s
a schematic view in el RIGURBS isncnlarged siewofa partioméf FIGRRE 1B1n of an
extruder die assenbly | 0 the apparatus .of 1D for nelt-
ext rudi ng sheat h-core ﬁ&%{ 5&%#€WMV%°F“'"§°"‘"&A component

-13- VO 9 Gilamdrfe dfthis invention in its helical or coiled form;

PCT/ US96/ 05080 FI GURE 2B is a_enl arged view_ in cross section

of a portion of ¥ GURE FMAURE 5 is a schematic view inigration qﬂé @sgmw(;mwo& a

portion of FIGURE B%FF omRiric view
of a single nmulti cg@bhonent erdleasse?blﬁ.l tﬁef&piﬁ I'S | nventi on '?ninﬁ't s heli cal
or coiled form 5 FIGURE @is@phfiiabeross-section fvelrenlarged wieswof FIGHRE\5takean and
cross section of a rtien anot her extruder die assenbly usefull
in the apparatus o?%'&ﬁﬁé&g‘@f@; FIGURE 6-is a parti al
cross-section and enl almGURE'SGMoQﬁaFdﬁEiEnEmbﬁl@alonsofsheatBJceﬂg the line 6-6

t her eof , Fl GU are_.schematic cross-secti ons of
sheath-core 119 nitpiticempenent Rgﬁ"'ef"fsl% Nenlian; ¢ hi s i nventi on;

FIGURES 15 to 17 are sEIGURESCSb 13 treSlfehiafid Gokisedtion€oflidey _
mul ti conponent filaments of this invention, GURE 18 is a

schematic cross- se@?lpenmmeraf!ﬂmmtsefﬂwmwed con- ti guous,
oot o or bbs-aeet ;o IGLRES Y RARAR cromdeion ofa bunaE bFLMTEndch 8- °
FI GURE 18; tiguous, Shenh@s}r&ﬁlmentsofahts man,l c perspective view of
portions of twosunbondeqGyre 19 is a schematic cross-section showing the bonding of the
filaments of FIGURE 18;
FIGURE 20 is a schematic perspective view of portions of two unbonded
contiguous sheath-core filaments of this invention;
FIGURE 21 is a schematic perspective view showing the bonding of the
20 filaments of FIGURE 20 at their points of contact; |
FIGURE 22 is a schematic view in perspective of a portion of a filamentary
matting of this invention;
' ) FIGURE 23 isa schematxc cross-section in elevation of a portion ofa
filamentary matting of this invention which is bonded to a backing;
" 25 FIGURE 24 is a schematic isometric view of a portion ofa mattmg of this
invention which is embossed on one side with a grid of channe!s,

. FIGURE 25 is a schematic isometric view of a portion of bonded filaments’
of this invention showing a broken filament and the residue of a broken melt-bond;
. and . R
T30, ' FIGURE 26isan lsometnc view of abrasive-coated filaments of this

_ invention. - -

| L
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contiguous sheath-core filanents of this invention; FI GURE 21
IS a schematic perspective view show ng the bondi ng ofthe 20 filanments

of FIGURE 20 at their points of contact; FIGURE 22 is a
schematic view in perspective of a portion of a filanmentary mat ti ng
of this invention; FIGURE 23 is a schematic cross-section in
el evati on of wogem@76440n of a filamentary matting of t Ricgrdsosexosd ON-
whi ch is bonded to a backing;, 25 FIGURE 24 is a schematic isonetric
view of a portion of a_matting ofthis i nvention which enbossed -on

[
one side with a grid oReferingnewdo the drawing, and initially tQFHEURE 14, "aﬁs"%tcherrat ic
I sometric view of o3 of 1 i(8) ¢gnventi on
ftlﬁTrglg@%%nQ g%lgﬁwﬂtlé kG BERESto form corffonkhti (B) 4EN

showi ng a broken fi esidue of a broken melt-bond, and
30 .  FIGURE 2eidompanent Blaments efishis invention, ia fdda peflet, emmbeer atherafamminto of
{/\B 36/ 37644| nvent ' B¢ hopper 10a of a melt extruder 11a, from which a stream of polymer melt (e.g, 14-
PCT/ US96/ 05080 5 at 100° to 400°C) is féds bptionalyoundenpressure bfa nieteningipympmii2h, inté ai al | y
to FIGURE 1A a first .t her nopl ast.i,C Q) yer ¢ ositlon 1 e used
to form conponent pgpent extrusion s%iai%wglir}ghtsg‘?'#‘?{%ﬁéﬁﬁog‘gg‘?%?g‘ggﬁ"ﬁ\?gﬁﬂg%n, i s
fed ig pel | et ,fcrmpoﬁ]maabeﬁseawﬂsfrmrcbrlnponem(b)?fmmc&immtﬁmmﬁis&dnelt
extruder 1la, fromwhich a stream.of pqlymer.nelt, (e.q., 5 at_ 100 to
3000 1 Ted.  opt (488 o 400 SEymelcexsoglr b fore phich s ef ppbaner ks o

bi component ext r ugd) BpfnRilARIe Prbséurt df melefihg Aimhp/12bZinfAARe Bktnision/d Pl asti ¢

pol ymer conposition to be used to formconponent (b) of the
bi conponent fi 1@ nastemblyd3s Examples of equipment forextmyding bicomponent fibees are o t r uder

oressur e of et er (aeret Ry UG THEFEl. e Vol. o, pES60-965. BBAplef S
Exanpl es of equi prestresidnatie sssemblies inghefoon ofspinaerets arenissasibad in U.S. Pat. Nos.
of - PP LT o A (orbtbed dos. s Bl 451 4200 Rpinl B i BT 12
in U S Pat. Nos. 89/02938 (Hills Reséarch'ind Disveloprient Inc.), ahd Bib, FabQ, (95 166s) and
£ 25200, P2 5 ks Mo i SO o i 4

Dies, Designs and Computations, Hanser Pub., 1984, pp. 173-180. These

descriptions of technology are incorporated herein by reference, and the equipment

therein can be modified in dimensions and configuration by those skilled in the art

for use in extruding the macrodenier, multicomponent filaments of this invention in

. 20 light of the description of it herein.

FIGS. 2A and 2B illustrate the bicomponent, filament, extrusion die
assembly 13 of FIG 1A, such assembly being made of a number of machined metal
parts having various chambers, fecesses, and-passages for the flow of molten

. thermoplastic and rigidly held together by various means (not shown in the
. 25 drawing), such as bolts. Assembly 13 comprises a dual-manifold of the slit type.
" made up of mating blocks 142 and 14b each having 2 manifold passage disposed
" therein and separated by a vertical plate 15. Manifold blocks 142 and 14b are
| ﬁmviﬂed with opposing recesses at the ldv\_ier ends in which is inserted a mating pair
of prelip blocks 16a, 16b with flared, opposed inner surfaces separated by the lower
S 30 portion of plate 15. Blocks 14a, 14b surmount & lower die holder 25 having a
recess to accommodate an inserted extrusion die pack 26 of the castellation type
T and c_:omprising stackgd plates, viz., top platé 18, center or dis_tribution plate 19, and

Lot PR
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15 (Hudgell). Exanples of extrusion dies are described by Mchaeli, W in
Ext rusi on Di es, Designs and Conputations, Hanser Pub., 1984, pp.
173-180. These descriptions of technol ogy are incorporated herein
by reference, and the equi pnent therein can be nodified in

di mensi ons and configuration by those skilled in the art for use in

extruding th gggﬁﬂgpni er, multiconponent filanments of thisg )ﬁ%gtﬁrb in
20 light ofﬁl’e escription of it herein. Flg:q‘ astralﬁ' 2B
illustrate the biconponenf, f.il nt, .extrusjon.die asegmx 3 of
FIGIA such asse pFArifige platg gﬁ?‘“&?"‘ﬁ%@? VijeRHs gk sheathspore o .
palrts havi ng var Lo&sﬁsﬁmmﬁw atk. \g%'ﬁs'&glspdwld'dmmh cohtpbb nénit ¢a)fof the Of

nol t en t hermopl astic and_rigidly held together Y 0 ans
(not shown in the ﬂa@mtﬁawmqﬂ%gﬂmﬁ%ﬁeﬂewﬁm%@mﬂﬁﬂg& a

cual - T 101 0 OF  igihich i pasgs 220 B Rt ih bl hog it 140

each having a mani .sPosed . therein and separated by a
vertical plate $5.funttivn$ ad 2ot menifoldiftom awhith thercope polymer melt flows into arearmayi t h

Opposi ng recesses | I3 s\VH | §:d ' '

of prelip blocks 1%‘5',"& °°%%W%&a%%?gdﬁlgﬁ§%§ﬁ%§ﬁ %cestcg@ %%'%d by
t he | ower 30 por ¢onfponett (i) ofthe filaments) ip silnaitdnéoyslylossed to fiowifroma feadver di e
hol der 25 having a J.ecess tq 0 te an jnserted extrusion die
pack 26 of the casPastassgfawithin, mﬁ%g?‘bﬁﬁ‘?‘ﬂﬂ@"ﬁg’éﬂﬁﬂﬁw at es,
\éia/zé’mz Zp plate 18marfifolf phksafé 24ianid thehod!intda sBtond @ndlfparitd Ghamber 24c in toff0

PCT/ US96/ 05080 10  plate 18 thag fasetions ass Ipeal manifnld fram yhich the sheath polymerasadlt 1ot |
' . tacky, i - .
viscous, tacky SWM&?B%%%W%&W artchag&af(éﬂ%%'bsl%ﬂefb?ol&ﬁ%e)ﬁﬁ scous

core polymer conposition, € ] ) I laments,” I's caused
to flow from a feeeentenplated® to 2 horigontal necesn ot dauityi24s| disprsed hetween center plate

A O R0

melt flows into anaxallyaljgned with core low\pesseges 28. Channels 2Dheonpaunicatpsst tiedr i n pl at e
19. Vi scous sheat h pol . CONMPOSL|I . .Gonponent..( b fthe
filaments, is ??w‘f&%é@ggftﬁ%%‘&a%uﬁ'w ?trﬂbﬁ‘ﬁclgw & mth(ex)trugerdgg:glvésge 24a
wi t _h} nI gual mani f glzﬁinhlogﬁkers]mbu shovnieaslyih mgl mrghe xfi:batﬁdemm’;]emﬁﬁce pl;ze _
mani fol d passage nd thence ipnto a_second and .separate, chapber cin
top 10 plate 1%0b deflting fhorhetion gbresess 244 § acHingd Hitl Ao AT BEFRIRFH, SHoul#te
sheath pol ymer nel grotuberances, birtéhéSor&astelliiont! 29, édoh Wndinétﬁ@ﬁ%f&_ﬁl‘ flet emfnnel

0

(shown by the broken line) in . -center plate 19 to a horizontal
recess or cavity m@w@eﬂdﬁﬁ%ﬁ@m@b%W&Q"éPW“PWS“ff&@“aﬂ@eori fice
plate.20. The 'ﬁttwe&?fsﬂ{b{;ﬁ% fllte 40 E@g&@é&%&%& flo_énblid€ BiifotmSheath

axially aligned w OW passages annel s” 27 conmuni cate at
t heir thickness. The sheath melt flows in fine gap 30 and enters channels 27 around the

respective streams of core melt flowing from passages 23 into the cores of the
* channels so that bicomponent sheath-core filaments issue from orifices 28, the cross
_  section of such a filament being shown in FIG. 7. . _

25 Referring again to FIG. 1A, the extruder die assembly 13 continuously
extrudes downwardly, in relatively quiescent air, a plurality or bundle 31 of hot,
viscous, tacky, closely-spaced, discrete, continuous, macrodenier, multicomponent
filaments 32 which fall freely into a body or bath 33 of quench liquid, such as water,
in an open-top tank 34. The surface 35 of the bath 33 is disposed a suitable

30 distance below the lower face of the extrusion die assembly 13 in order to maintain
' the discrete nature of falling filaments in the zone of cooling sir above the bath.
"~ The bundle 31 upon éntering the bath 33 is quickly cooled or quenched from the

Y e _
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15 wupper ends with recess 24d and termnate at their |ower ends with
extruder nozzl es having orifices 28. As shown clearly in FIG 2B,
t he upper face of the orifice plate 20 defining the bottom of
recess 24d is machined with an array of raised, circular

pr ot uberances, buttons, or castellations 29, each surrounding the upper or
inlet end wo 9e3fshis @ channel 27 and defining a fine gap 30‘@‘?@?@&8{’%” )
upper surface and the 20 lower face of distribution plat op of
recess 24d) to ensure uniform sheath thickness. The sheath nelt
flows in fine gap &drusionltempesstuse, eiga 0@ tas4@TC.alowntol alidut50°C, and solidiedmat | ve

Channel s so t hat | oroeseeS il 1o ARRAS G RSR il 32 b CoR TP FRAY e, 20,

}the Ccross _ af;lememla Idmfe@ndahh' amuﬂdhmmﬁnd_ dbﬂi:mgas&hoqgowﬁdﬂ!i&oﬁeyedl 25
eferring again t tr i e ass cont i nugusly

ext rudes downvvard&xa?wqfa“&#T@%ﬁ}ﬂagzéeﬁtrﬁt%i‘&'%gﬁm%HT“PX/“BFgﬁundI e 31
of hot, 5vi woundon wisdel<38 tofbms & totw Widdingdo. di screte, continuous,

macr odeni er, nul ti conpqQnent , filaments 32 which fall freely into a body
or bath 33 of quench | iifasiilacfpshionetefepringnow to FIG. lB-thmd%'Ml!m‘k 34.
The surface 35 of DALYAFRP 1ASis dbrhRele é:tr? | | £ hesfs el ow
the | ower face ofthe g’xt r.ugﬁnkdllsgbasse%y gér%ﬂhooﬁggi}aﬁ?goﬁgﬁ%hﬁgﬁﬁn

the di screte nat uriot ghowndn FIG dB) extendesdosviiwardiye plawlity coburslieod § ofthosii r  above
t he bat h. T nLLring the hath 33 is i.ckly cool ed
or quenched from {\Exggﬁk']fucfy, %l%séﬁ%}ﬂce%, aigéretegconEnuous, macrogemer, multicom onent,
WD 96/ 37644 10 filaments fibers 42 which fall freely in the quiescent ambient air into tank 34. The

PCT/ US96/ 05080 xt.rusi on t eratyre, e q., 0 to 400C, down to
about 50[err]C, anbamds%ﬂg’f‘"f'?e@ggqegs%&gpm&m‘?;t&m ts 42-prrpegmittedet o
quenched f il anent so #fikegiencimytontactouiehl thie gtel iR ofa guide roll 39, 6ptidngtly €d and
are gui ded around tur.(? reynd roll 36 . as .a tow 30 \M%lch i s conveyed

VItASPaGG aeﬂrbs%éi&mmrm 4 {89¢ FIGD), ersamemthangypenen be

by a pair of pinctf?g
5 wound on W nderofgiidé, : htia Chla ks ; L.m | ar
of gtk Quél%'i‘sﬁuétié\“j{ ﬂh@ﬂo@ldggl}e h&t, Viscous gm?mfg llﬂky@noi)e

f ashi on, referlr&ng{ now to FIG 1B, e extru
(which, as in B Glowsd thesurface3s of a bodyordathy33f quengintiquid; sichras water; io tankt er i ng

punps, Not34s ' . . £X}- r.dl Lural ity or
bundl e 41 of hot, 4 mgwgc?/?@é@ﬁ%@%%%p u%%cs?ssgq%ﬁ%ﬁf’gﬂ?%@ﬁl&vg fhee
conti nuous, nacr od®Etiesxtruden diciassemplp o€ 13 so asto acHievk thvalesired diakmetes ofithewhi ch

41 can' be o11 gned TUERF Bk oI Ih P s ol 4B crfiesed o onte Hloccingooppast
pernitted with thefilemeited?; bdpseriball asaid 0. 5Pdt 0. a5 €683, Wifiare of a
guide roll 39, 20 ptd'es%tr-llgtlklryis incorporated herein by reference. As the hot, viscous filaments 32 fall
in the ambient air, they begin to cool from the extruding temperature (which can
range, for example, from 100°C to 400°C). The guide roll 39 (as well as optional
roll 48 and other rolls downstream) can be set to rotate ﬁt a predetermined speed or
rate such that the rate of lineal movement of the filaments 42 as ti'ney enter the body
25 33 of quench liquid is slower than the rate of linear movement of the hot, viscous
filaments upstream of the guide roll(s). Since the take-away speed is slower than
" the speed of the hot filaments entering the quench bath 33, and the filaments 42 are
still in a sufficiently vi'scdus, deformable, or molten state, the filaments accumulate
or aggregate themselves by coiling, undulating, or oscillating and interengaging just
30 above the surface 35 of the quench liquid 33 into which they enter and can further
" cool, e.g., to about 50°C, quickly enough so that their shape does not deform, and
solidify or rigidify just below the surface 35. A degree of resistance fs imparted to

. .. .1'7- . ]
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provi ded with spaced-apart guide pins or pegs 47 (see FIG 3), or sone

ot her type of guide, such as a stationery plate, to guide the hot,
viscous filanments as they nove 15 toward the surface 35 of a body or
bath 33 of quench liquid, such as water, in tank 34, the surface of

the liquid being disposed a suitable distance below the | ower face

of t he extrudeyosbisdsgssenbly of 13 so as to achieve the desif,gﬁ,ug;mer of
t he Qfamants as they enter the bath. The roll 39 can be set to
cause gl anci ng cont act with the filanents 42, as descri bed in said

U.S. Pat. No. 4, 33heB&8or fiuks folhof tholgt, iscous flpmanta 12 above the susee:3Shy ther ei n by
reference. As the H‘ﬁﬂ%‘rﬁm suabe €Nt ai.r,
they begin to coolﬁgdgrﬂmﬁcggééj%é’#ng n%?rgl?hﬁencllmh%béb*ﬁ? range,
for exanpl e, fromwiiemuseh thetstill défdxinable filamentsentering equenchbas!m(ced. wel | as
opti onal rol |..48 and ther ol S ot ate at
a predet er ni ned sp@‘é‘aﬁﬁ ulate J"F'M&W%é{t%@ ‘ﬁ'oﬁ?%%%lﬁhér?ovenent
of the filaments 4&e§ﬂarbhﬁﬁd@ﬂb&iodfchﬁnthﬂ¢#we@ﬁthe36ﬂ-bét ﬁlumtsj‘rekulmgnd i s

sl ower than the rate of Ilnear movenent of the ho é Vi scous il aments

upstream of the guiPeleof Brk-pandingsf pentiguqus surfices %@W‘F‘?"@B\%ﬁ’frthan
the speed of the Raheply dr"?r[f&?tfcﬁ?lﬁ r@cﬁﬁéqpﬁ Erhﬁe‘ﬁl&ﬁﬂﬁtg 4@@&5&:13’3(:011%8%&]?@

filaments 42 are ciently viscous, def or mabl e

mol ten state, the sinubmnmdubummﬁmmn and becowe inteyengegedas illuptestedinFIG. by
coi ling, undul ati Bfahiafls e the
surface 35 of ther%l%%'ﬁgﬁl qui 3’%@9‘°@{'}%‘m§ch t ey ent g?h%m}%an urther
cool, e.qg. tolabcnundmhgﬂap@ndppmngddﬁcanmghsedgmmoﬂs%&masinmatdd)es not
deform and _ _‘H%gl{}ltogggﬁ/tgosgmr_lo &-g%dwssghdk?ed%ﬁn}e% surface 35. A degree

of resistance is i

-17- WO 96/ 37 @hé web 43 can be conveyed and withdrawn from the tank 34 by means of
us,fil aments

PCT/ US96/ 05080 t he 0 of the hot, vi

42 above the Surfdgqghgg}ls&am]eﬂ\gan&wound;yrrgaﬁa@ "tqfﬂ%ﬁl%‘dl é&@?@ﬁd\”é’dl
filaments in the gk mb&.ﬁo%d&ﬁtﬁﬂvméﬂaxﬁaﬁ ﬂﬁ)ﬂgh mterengagedu&uligmpauses the
still deformable filanments entering, the quench bath to coll

oscillate, or dfddonde, MW%MMWWM(@'UPUQMY@&!#WWQNMW%
establ i shes 5 siretch %%ﬁc&r or sﬁﬁﬁﬁéﬂ théh hpéynﬁn&:ﬁ?fb%ﬁh ‘?nﬂn&-@t?bng

still-hot filanents, resultl - or
conti guous surfac cnd Gﬁthcln@ttﬁlil!aum moyntmth;tnb#nrtad@quﬂ@geﬁnot durable Thﬁbwﬂact or

| nter secti on. CONSAQUEBLfyoul ol WA UCwAHRIPH TR sf-chOl B ovdnBRE.

si nuous, or- undul ating co I gura one I'nterengaged as |
in FIG 3, like tacheatithe web kaaneappropriate temypierature for afbificient tinffheg{ 120%tent s

42 upon ent o1 39 4iGec, preundVERG24ch6 Bof1 15 AlihedHR W BALAG TBbm' T 50

guide roll 39 orm an’i
' temperature (e g., 20°C) to cause durable melt-bonding of the contiguous surfaces

of the filaments in the web at their pointé of contact and form a finished, integral,
unitary web with high void volume, e.g., 40 to 95 vol. %. The time and
. temperature for this melt-bonding will be dependent upon selecting the desired
25 polymers for components (a) and (b) of the multicomponent filaments. -
" Referring to FIG. 1C, a web of coiled filaments is fabricated as in FIG. 1B,
but the web is Iamxnated with a thermoplastic backing as both are formed. For such
', lamination a separate extruder 1 Ie, prov:ded with hopper 10c, is used to provide a
y | thermoplastic melt which is supplied to a film die 49 which extrudes a backing film
. .30 or sheet 50 which can comprise a thermoplastic of the types used to form filament
| component (b). Such film 50 is directly cast on roll 48 prior to the zone on rolf 39
- that is also used to form a densified surface of filaments on the web. Some of the
g
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web 43 of lightly spot- or tack-bonded, solidified filanents.
The web 43 can be conveyed and withdrawn fromthe tank 34 by neans of
pinch rolls 44a and 44b and wound by roil 45 to forma wi nding 46 of the

web. In this tack- or spot-bonded form the filanments, though

I nt erengaged and lightly 15 bonded, generally can be individually and
easily pul | edwdvyedved fromthe web 43 and st r et ched ¥oT/U896/05080 Or -
straighten themin conti nuous formunder such hand-pulling and

w thout attenual | O fowdidiiv dkntdddhof Alnén z&ﬁﬁ&&%@émd&ﬁmw&mﬂwaﬂmmﬁhe

web 43 can e un r'om w n 46 and placed in_ an

air-circul ati ng ovane lad dd:\h\aon the still hot,lcas;(bagmgag&teby BRSUGiRg 800 W‘%WB?‘!

tenperature for a guftfi.ci ent g‘?ﬁw

preferably 140[er r?‘ Wt or 11‘?()%.:&&%%%25&11& agznﬂclgo ed to room

terrFerat ure (ef g. wﬁﬂbﬁﬁ&tb@)o\?detaﬁmmngl mloﬂtabbdmtbf]wudngnhtgpﬁe&m@ melt-t f

conti guous surface 0 il a s.in the web a eir points o
3 Bondine grents e grafo Aar-bord

contact and for 08 Uni tary web with high void

volume, e.g., 40 to 95 Ré&bmingto FIGS1D, dWetP6Rtoiled filamentd ie sipcefabricated dsdn t hi s

mel t-bonding will be dependent upon selecting, the d sire 2 0 mers
for conponents (a)ﬂﬁ\!iB( byt ampnheated ﬁmﬁfﬁmﬁ’eh#k' H@ﬁﬁganbetiem%p

Referring to FIG %e@ ﬁHe@ | £shdladed i~ G

| B, but the vve air%r(riliate &?hm@z?hn%pf?g?r&% backi ngea; bot h
are formed. For suecmtactbyroll48|vaththeahth¢b@f§1@mma@ téﬁ!‘t"?%é@r“’i hesurfyes, i ded
wi th hopper &i% E?&i,@yceg I S
supplied to a ?lq ?jléé'\%ﬁsﬁ \{%e%%raﬂ%’g tgé&{ﬁﬁﬁl 'bgnﬂﬂgff \gﬁ’gﬁdSO
whi ch can conpri semund’lbrmﬂﬁﬁmfomaaﬁnm i@p&whmqmm*rhwﬂﬁdlamm

t (b Such fil
ggmr)gln?an?,g( ) sue thi’itﬁ@oa gﬂlg%%e[%mp@%@)ﬂaﬁgé\}eﬂl Eqeur tace 0 dig°"

filanments on the wWodsiolefEktbion tié assembly 13 of FIGS: 18-and 1B, the die patk SDGAf3His 44
PCT/ US96/ 05080 downwar dl y- extruded, hot fil anments, that CO[H)I‘I se

the densified port Vessiopgomprisingdep plate 18, centgr distribtion plate 96, and Iawerqr, grjtic o
cast backing, tfie Fﬁ ﬁﬁ%ﬁgﬂ&tw&%@%@mﬂa&? ﬂ@eﬁyerﬁlamentsf&ﬂedhﬁﬁkl ng and

t he web. The resul I'ng | am nat e I's conveyed

wi nder 46 to provi na;ckameﬁmh@amkaﬁthmwd%BemMIWe%#m&ﬂdpﬂmlﬁ na

gg:‘ Ea;ri ng t50 IlglogidI ?ﬁ%\gﬁgiggﬁg%qg)‘éﬁ e&%?‘%ﬁgﬁ?@ |e§&g¥ SO %w Irleésa?%gf as in

FI G 1B, but an unheahp:dnemr(a):dﬁkcopspﬂmmdmbesit_idnngﬁesm forn layérs 62nf the
ther mopl asti c 5 glam;mt ?fli@.el&yf sed t%dﬂJ o Ifée%”%s”&ge%a”?ooﬂgf&aﬂi@ld 25

supplied by roll
20 to a chamber 94 in top plate 18 that functions as a local manifold from which the

polymer melt flows into an array of vertical flow passages 101 each disposed
outwards from a central channel 103 in center plate 96. Viscous polymer
composition, used to form layers 66 of the filaments, is simultaneously caused to
flow from feed passage 24a to feed manifold 24b to a chamber 93 in top plate 18
* 25 . that functions as a local manifold from which the polymer melt flows into an array
of vertical flow passages 102 disposed outwards from a central channel 104 in
center plate 96. Channels 103 and 104 axially align with chambers 94 and 93,
- T respectively. Lower plate 97 has an array of circular, vertical channels 99 that is
| axially aligned with the center of a set of interposed arrays of vertical flow passages
3(_)' 101 and vertical flow passages 102. Channels 99 communicate with the set of
arrays of vertical flow passages 101 and 102 and terminate at their lower ends with
extrusion nozzles having orifices 100. The upper face of orifice plate 97 is

e
SUBSTITUTE SHEET (RULE 28)



contact by roll 48 with the hot web of filanments and tack-bonded to the

surface 10 thereof, the resulting web-backing | am nate 51 bei ng
conveyed by rolls 44a, 44b and wound by roll 46 to forma w nding
52, which can also be nelt-bonded in an oven. FIGS. 5 and 6

|Ilustrate a nmulticonmponent, five-layer filanment extrusion die

version of exwoisgsaasdi e assenbly 13 of FIGS. | A and I B, thepgy /ﬁss%ﬁ*ﬁ 090 .of .
this version conprising top plate 18, center di strlﬁutlon pl at e

96, and lower or orifice . 15 plate 97 fromwhich issue hot, viscous,
tacky, five-layer machipadwith rectangular equnteprunk depressions 98 gagh sursounding theuppetent |

wi th side-by-side %Pﬁﬁi&iﬁﬁa'cﬁ%ﬂ&%Bah&d&ﬁﬁb%tc@ﬂty'b@mﬁhﬁtsJp'iersurfaceandtﬁé‘d as
havi ng three Iayers 67 of conmponent (b) separatéd by two Tayers 66 of

conponent (a). Vis %@P%%ﬂbl@%pb@l i Jhe compogent mejt sireans: r“Q“B’ﬂ“of t he
filament of FIG 1 QW

mani fol d 22b 20 0 a Ccha erqg &W o&v%'ﬂp{:r@fﬂe@@ﬁ?ﬁqg ?unc‘%’l ons Ay

| ocal mani fol d f§ opassiges 102 dnd 101, respecnvelp,cdfphtu96nmit¢nngltlmvuym$law9hrray of
vertical flow passages 101 each di sposed putwards.froma,central

channel 103 in cenf'%fg"lﬁ %@"‘9‘6"‘"3& ﬁ@anbgfgméltematmgtlayersa%w chappel | sed
to formlayers 66-99sd thet fivelldye® RiuRicomporieht BlarhehBa e from oAfise3 00,0

flow fromfeed passage 24a tq feed manifold 24b to a chanber 93 in top

plate 18 25 that fuln@eneithebull density(or veid velume), widdhthiekness, anddoftisesser
mel t flows into anommbsmadeﬁomﬁnaﬁenwf&mmbeni.bmnme%ﬁga%;es&g% gigposed

outwards froma central channel ent er nnel s

103 and 104 axiH| 9ewmmdmmhbw®SMﬁ&rMngthmﬂwnmm Lower

plate 97 has an arg

axially aligned w t?ﬁeﬁ% cen ﬁfon\é?éém aﬁ“r@“‘g’g%oiiggfgtgé F’?@‘é‘%f"‘%ﬂ‘. cal
fl ow passages 3(and ll&humhd' mandcsphcnig afitheparificesyherect)) and fhis apeed lof theO
comuni cate with the. set of vrtlcal flo a 101
and 102 and ternmin %"@"%P“f“s@fip‘f%'mth% @X\M“E‘H‘e“ tank and %%%@Mﬁ@% es
havi ng orifices 10@eb.The upper face of -orifice plate 97 is

96/ 37644 . : .
PCT/ US96/ 05080 13 Refeqring 2gain totheperqmpanying draying, JEGS.oF $uhid 1awh s si ons

98. each surroundi ilgstfafethé! e sections of rou&f cni‘d&ia?hr ﬁmaloiheﬁh%men%go nd
defining a cavity tlil%ween its up Eer surface and | ower tace of

distribution plate asinglespre 154 P@hﬁrﬁn&'matmlﬂ with p gingle

through the 5 Beees ";52'”@1“0“2%5""‘3"“13‘5‘"@ IhEReT Yo Ll e eiteiti?
the cavity in pl atgl , the core 151nequemg¢ﬂ!lnd$msedmtlnmtbglshzaﬂeliz Jo bethm of
five alternating |ﬂ(§§§aﬁ{'§‘ the'th Eﬁaﬁ‘-&r%&ﬁﬂﬁgmgwheml surtace 134 P ﬁi' NSis Ve

mul ti conponent filanments | s’sue romorl
general, the bul k Hdeﬁledy}'(blexpmd]bmcbe.nfﬂ)e,shmldln InRIG:IQn&remataiaDImk of ti ness

boundary 154 of the filament is defined in part by the peripheral surface of the
~ sheath 152 and in part by an exposed portion of the core 151 (if that exposed
) portion were larger, the filament might be more properly called a side-by-side
" 25 filament). InFIG. 14, the eot;e component 151 is essentially centrally disposed
within a trilobal sheath 152. '

FIG. 11 shows a core 151 which is foamed or cellular, reference number 55
designating one of the many closed cell dispersed therein. FIG. 10 illustrates
another embodiment of a sheath-core filament of this invention where the sheath

30 . 156 surrounds or provides a matrix for a plurahty of spaced-apart parallel cores 157
' .of the higher-melting filament component (a). In FIG. 12, two, spaced-a apart,
:para_llel cores 161, _162 of dissimilar plastic components (a) are disposed within the

SUBSTITUTE SHEET (RULE 26)



ofthe webs made fromfilanments of this invention can be varied by selecting
t he 10 desired polyners and conbi nations thereof for formng the

mul ti conponent filaments, the configuration or geonetry and

di rensi ons of the extrusion die pack (and the nunber, size, and
spacing of the orifices thereof), and the speed of the vari ous
roll's used towoessmys t he web in the quench tank and to wi nd piRrbddgeddsi Shed -
web. 15 Referring again to the acconpanying drawing, FIGS. 7, 8,
9, 11, and 14 illustrate the cross sections of round, circular or

trilobal, sheath- ctheethil63.cfiGni3showsa filament havigg gentralcorn 169 and sheath 195 withy
single core 151 a%&a@}%&uﬁpgp&ﬂﬁww&ﬁgnéi ngl e interface 153

bet ween them In the core 151 and sheath 152 are concentric.

In FIG 8, the core 15FIGS. 5¢lt®and 1 Tillustratenasipussambodiments of side-by-pidet h 152. | n
bot h 20 FIGS. 7 Pt alabe: ' urface
154 of the fil amn@ﬂ&r@pon&ﬁ??%t??ﬁgﬁg :@;ﬁttuﬁlg‘igg%éig, ysﬁ?da?;ﬁ%?m sheat h
152. In FIG 9, 3t rmelting plastia coragionent (a) and layess 62 af the losver melting plastid componenit s

defined in part by, ri.gheral sur f sheath 152 and in
part by an exposed(b%g};f'lﬂ%ﬂat%?@SE%'P@‘?L@%"%FTH&%&Pmé'%%?eadﬂ&'by's'ée portion
were |arger, the fbitoniponént Glageit composedofithetigier melding conthonei70and jowrr de 25
filament). In FIG _14, the cor ngpt, 151 i s eg%edr?:biall centrally

di sposed vvl‘f‘%““?? compppgh 21 18F1G ﬁ‘fi&gé.womponent fament s gen 11 shows a
core 151 which is rfe&ﬁi@lirﬁfcré‘s@kécﬂbﬁﬁndd’oﬁfg%eﬂ%fﬁstﬁﬁé'&%bbéﬂ& Igf‘tcl}‘ehifger

desi gnating one_ of the ny closed cell dispersed,therein. ] .
i |lustrates 1o mﬁmrﬁ%ﬂc EQrPROAENt R} and p cantighous:siin&9rof the lowermelting piagtic

i nvention where th@nipafét{p), 30 156 surrounds or provides a matrix for a
plurality of spaced-apart Par allel cores 157 of t he higher-nelting

filanment conponent (a) FIGnigillustratepa bunsile orapgregation 33 of bicomponent sheathatdre |

cores 161, 162 of Slhigudid @ichll A3k hohR HPAREH). F16210 dbfis HbwigSed Wi thin the
PCT/ US96/ 05080 correspondihgininidle b BIG. 1B Gooks dpaiwaelsbanding) marely, binrdié 783 cent r al
core 164 and sheath.165 wth eral Ly .rectangylar or elliptical
cross-secti onsfig whichig mai up °fsih—?a@3‘.’°rg§i;mfﬁf H%ﬁﬂﬁ‘f%‘?ﬁmmm@&ﬁs

enbodi ments of si dﬁdﬂhﬁbﬁ&-melting sheatWbdrhpoReitRsHRRE bt the pthis 'oF Sortdct.Ni S
I nvention. In FIG_1 | ayers 66 of the higher 5 nmelting plastic

conponent (a) and i jb’s 20 showygdhq extasior aitthe pahgndsad sontiguousawentn 74 and
g ibzie?lro )e/_ 2! égr nat el piGIa £ 94 the'eRielibiforthd ifesHondihg GondddPfilatnbits 54 Wificthé
 fillets 76 formed at the points of contact thereof. _
20 FIG. 22 illustrates a mat 77 of this invention that can be cut from the
finished webbing 43 of FIG. 1B.
_ FIG. 23 iltustrates how the mat of FIG. 22 can be bonded on its lower
surface to a backihg 78 to form a backed or supported mat 79. The backing 78 can
~ be a thermoplastic material which can be; pre-embossed on its Iow& surface with a
25 pattern, such as that shown, fbr example, to impart slip resistance to the mat 79..
FIG. 24 illustrates how the mat of FIG. 22 can be embossed on one surface
to form an embossed mat 81 having raised portions 82 and recessed or depressed
' .':poxtic'ms or channels 83, the dimensions of which raised and recessed portions can - * -
vary.
30 . - FIG. 25 illustrates the toughness of the multicomponent filaments of this
invention and the durable melt-bond obtained when an aggregation of the filaments
are melt-bonded. In FIG. 25, a representative portion of such an aggregation of
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bi component fil anent conposed of the higher nelting conponent 70 and | ower
melting conponent 71. In FIG 17, the biconponent filanent is generally
rectangul ar in cross section and conposed of a stripe or ribbon 68 of the
hi gher 10 nmelting plastic conponent (a) and a contiguous strip 69 of
the lower nelting plastic conponent (D). FIG 18

I 1l ustrates avOeesisa or aggregation 73 of bi conponent sheat h-rcmoss/iososo
filaments 74 (such as those shown in FIG 7). FIG 19 shows how t he

15 whi ch 1 9°made Ty s owh ak A0S0l Keubd Aerbilled WA TRIDNG a0 1 2, T2

eath-core”filanmen _the bonded form there
being fillets Upon eXéiting such stréss\same ofthe imeltsbaride senhained intest.as deiged yd at

t he points of cont.,act. Simlarl .Fl ' of the
unbonded cont i guodBtagtinpelt hond 120 Ftwsen mtergéchngélaﬂeé?s %%é&g%{hﬁésﬁﬁti or of
the correspondi ng geadciReke] bd depicteddy (e remhant112310f a broken meltfbohd, ahdssorits of or med
at the points of contact thereof.

0 FLG 22 il trate t 77
of thi.s inventiof tthefilaments breke, gpe 9?‘&5‘%’1’"@ fepicted as 154:%‘%‘@*?&5%@#"%8‘- nggf
FIG 1B FIG. 76 illdsftates Hﬁﬁﬁ%ﬁﬁt&d&%ﬁéﬁ?ﬁgﬁ?ﬂt@bfﬂﬁ ofifiscan be

bonded on its |ower surface to a backing 78 to forma backed or
supported mat 79. ifvetiarawhicineanbe covered or coated with abrasive migssal natticelate of graing |

whi ch b - i ' : h
25 that shown Torbayuie 45 the AembiiRe chbich o Yehdingime sichoe BithE °7 0. S1°
FIG 24 illustr at chlanenty. tAncaggregativh orweb oPsicicabmsive-coatied Slaments candeasedas f ace

to form an enb(]ased t. 81 having raised portions 82 and recessed or
depr essed ROAPRYNE PG OT i el s 83, the di mensions of which raised

and recessed portions ghémoplastics (iMéliding blendPof two or moke therndiplastids)whitiedans t he
t oughness of the nulticonponent filaments [ nvention and the

fth ..
dur abl e nel t - bond tSeesd ta@EEPareche '&Wﬁ‘é@’éﬂ%ﬂﬁgkﬂﬁl“gﬁ‘!‘ﬁwq%ﬁﬁ?@t‘ are

nmel t - bonded. In FI ' i f ] tion of
o1 n P &Rrudible, forhih 586, Hythdrit rgailt pbigers! T plicller APABA

PCT/ US96/ 05080  of multicomponentfilamenty of thinisyantion may dictatewhigh melt-gntrudablended and
bj ect ed t | 4] . i nat: t . f
subjected 10 ajgu thénﬂn%ﬁ%afﬁ% selected tg%rgtl‘og{%gsgd Eii(/ﬂ{efr'r&ﬁmﬁlﬁsﬂté 1h S&oﬁrrotz&g”e 0

the nmelt-bonds remalne act, C Intact ne ond 120
bet ween i nt er sect i meltirfgi fointens selecfidn guide, the Aesiredtoughnessnfia pagicular filament, bonds

broke, as depi ct edanQXleiQ&ioﬁ@%&na}%éo Qefrve%sgrsagc?‘lgn Eﬁildé' pr%@gablﬂﬂg some of

thermoplastic precursors can be melt-extruded into filaments that, when cooled and
solidified, are tough in their undrawn state and do not embrittle upon subsequent
20 thennﬁl steps, such as melt-bonding, embossing, and backing. The level or degree
of adhesion between the two components of the multicomponent filament at their
interface (interfacial adhesion) is important to consider when selecting the type of
_ polymer(s) for the sheath or core. While good interfacial adhesion is not necessary
_ to achieve a tough, macrodenier, multicompohent filament, such adhesion may be
" 25 desirable for abrasion resistance and toughness. .
We have found that not all thermoplastics will be useful in making the tough
multicomponent filaments of this invention. Specifically, common thermoplastics
~ ‘used to make drawn, bicomponent, textile fibers may not produce tough,
- macrodenier, multicomponent filaments in their undrawn state. For example, some
" .. 30 polyethylene terephthalates and some polypropylenes, said to be useful in making
. drawnm bicomponent binder ﬁbers, have been found by us to produce undrawn,
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5 the filanents broke, one of which, depicted as 124, attenuated before it
br oke. _ FIG 26 illustrates two of the multiconponent
filaments 131, 132 ofthis i nvention which can be covered or coated
wi th abrasive mneral particulate or grains 133 bonded to the

t her nopl astic conmponent (b) defining the surface of the filaments.
An aggregati o ea37éab of such abrasive-coated fil anents can gegruseeosons - :
10 an abrasive pad or tool. Ther nopl astics (including bl ends

of two or nore thepanplaRt ?xﬁtﬁ%\PmJnFﬁbeWuch arebntt!ehﬂ W@afc,d tiiePebly'eRMBHifg ¢ Ne

mul ti conponent filanments 0 S I1nvention are nel ext rudabl e,
normal |y solid, symdtdmhhtpaghtwghrpeﬂ ynmers. The part i cular application

of mul ti conponent f| | a | | '%ilpg '
nel t - ext rudabl e rﬁﬁﬁoﬁg&?& lﬁ%‘sﬁgp%h%gfﬁ?%agé@%m or, %g'tsed on their
nmelting points. | nmd'dﬁlimmdfdusmvennon atﬁirtﬁmlg}yme&-attmdnbhabm&eé&f’cm gui de,
the desired tou hness f a. partigcul ar a ati.on

t hereof may als @R%’é"gﬁg'ﬁﬂ‘t tﬁ%""“?’?%‘f’%‘fsﬂl&’ cﬂ'é'pmpeg tbs must

thernopl astic pr ecmssme:ﬁmthe IGWértthﬂthé meleiag poivit of Edrhpuient!(a) (retms leashen
cool ed and solidified, are tough in t e|r undrawn st ate do not

enbrittle upon sub!%&d@?’ﬂ" ). Fugtheqmare, thq therqmoplastics for hoth compppen
enbossi ng, and baciieghbly Hife 'ha&ratgﬁ?g%eﬁphof34m§o?&bﬁ&ﬁﬂem%ﬁn the

two conponents of the milticonponent hei r interface

(i nterfacial adhestodmyakiof 100-4cor greater,:ay meamcedhy ASTM P882-90.c Englpfisich t ype of

pol ymer (s) for e not
necessary 10" ﬁ“@hﬁ iy le %%W&%@&#%&%g“@%E%aﬂhﬁﬂmm
such adhesi on nmay Heafl&in Plipsical ertippof Feixtile Fibens, Y962, oft 1:9x10 ot oughness.
W have found that ﬁ"h E gﬁgﬁ@ ﬁggrl Cﬁdﬁ‘ﬂ tPeﬁs.Hfa?Jé{:w n&edng t he

t ough nmul &'g%'o i r% ot 1 Fventt on "S%eé‘ I cally,
common t her nopl-ast aélccerdmg to ASTM D882-90fonbéth cgmpbmnts () andr(bON Adﬂmoﬁdly,}bolkle

fi bers may not produce tou cro eni er i conponent fil anments
in their undrawn s?%ﬂ?“”ﬁi%&é‘i@w&ﬂ 9‘2%41@'? ARG BISRIRE at es
and sone pol yprﬂDYﬂﬁﬂQ@bcyél@dt@Hr&k.b& theaStirkd éd&oﬁ!ﬁlﬁ kI ASTM D2176-63"Ia$&‘ore and

bi conponent bi nder fibers, have been found by us to produce undrawn,
-29. VO 9G#fter hent aging or any melt-bonding step.” The flex-fatigue resistance can be

T e 2080, B PSPl SOUFIE e s b St
Instruction Booklet No. 64-10, Tinius Olsen Testing Machine Co., Easton Road,
Willow Grove, Pennsylvania. As mentioned earlier, the filaments of this invention

20 are durably melt-bondable. A simple test of'the melt-bondability of the filaments,
herein referred to as Filament Network Melt-Bond Strength Test, has been devised
to measure such melt-bondability and is described below.

The Filament Network Melt-Bond Strength Test Employs a filament-
supportiﬁg jig in the form of a 3 inch x 4 inchx 3/8 in (7.7 cm x 10.2 cm x 1 cm)

25 rectangular block of aluminum, having a central rectangular opening extending from
one face to the other and measuring 1 1/4 inch x 2 1/4 inch (3.2 cm x 5.7 cm).
Eight straight grooves of equal length are cut in the top face of the block and

extending from the central opening to the edges of the block to support a network -

to be formed by two sets of intersecting identical specimens or segments of a

30 _ filament whose melt-bonded strength is to be measured and compared with that of
the filament itself. One set of the grooves consists of a pair of parallel,
longitudinally-cut gtooveg, 1/2 inch (1.2 cm) apart and deep enough to

o3
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Ther nopl astics which can be used to prepare the nul ti conponent
macrofilanments of this invention are preferably nelt-extrudabl e above 38C

and 5 generally are filament-form ng. The thernopl astics useful for
conponent (b) nust melt at a tenperature |ower than'the nelting
poi nt of conponent (a) (e.g. at |east 15[err] C | ower).

Furt her nor e, wbees7eer nopl astics for both conponents (a) andpchussiosss -
preferably those whi ch have a tensile strength of 3.4 MPa or greater and

el ongati on 0 b of . .100.. %
D882-90. Each of s‘ﬁ%‘ﬁmﬂ J"g%h e With Qi sl f’g{é'gla*s e, ’Eﬁ“ﬁaﬁ’ﬁgﬁaﬁi avi ng a
wor k of rupture, astesh farossithe B!ﬁnﬁfmmoneedgethemfdolb&pmngm
Properties of Texti,l eﬁlgbers 62, of 10

§ o aroshi poondg 5 tbe S 1 e Bpmpgin
greater, as measur™ith&$egoRd;Rair o gaten Bi S(L%R?é’ ﬁg%er at ed
according to ASTMJPaRBIAR. fTRE other st 6FINORO6VRS Sorisiad ofatd simiihr paiislof grocves)! | v,

bot h conponents preferably have flex-fatigue resjstance, or folding

endur ance, greafer3/4inch@. Smwmwsme!w@mssﬂ%%&gm%wm ng
to ASTM D2176- 63T, Wem lfé'&l't di
st)ep The flex- fatﬂfp‘?ﬁ,P g%@dgé Thespec:meﬁsf tperPl[kh('gﬂoél’a&’y iongm” !

ance ‘can on a 15 x 140
mmstrip of film cﬁlougheobhludmplméhxtmdhmmluhdsmmmeachlspulledltmmr uction

Bookl et No. 64-10._Tini Tesiin hi ne

WIlow Gove, Penrt???‘(fefmgmiéw ‘fw@wgw [ Mﬁgﬁﬁﬁ@wﬁq#at hi s

i nvention 20  anietad-tostfighréyahd mhipaiiadinthat ﬁosiﬁom#xm pieces of préshue-sensitive

nmel t - bondabi Iitﬁ of the filanent ?‘H'ﬁ ’H&rﬁrel nr e‘[ e,?l to .as il;p@ayrrent

Net wor k Mel t-Bd d adhesiyg dans eg.smaskingdansclkine wide. "The filament-jig as such

nel t-bondability gg Sﬁaéea it'§ Sifdulal hﬂ%mpstréﬁ%d heated sufficiently to causé hiRitbbads #e Nt

Net wor k Mel t - Bond rength Test loys a fil anment - supportl ngjig-
25

in the formof a Joimsene homiaitm,drofﬂs/f@rr’wntsrf intessectiom(gver thesentral opeping)
rectangul ar bl ock RS R 'amrel%l
extending from &Ehe%%gr%ﬁe‘ aceﬁ?'\ém'fI he Oa%%&%ﬁginﬁﬁﬁgéasurlkl%qaﬁg Inch x 2
1/4 inch (3.2 cm xoStafid strpom temperature Ei gpiot andisolidifyithe melcbonds Themasking | engt h
are cut in the, topf of th | e central
opening to the ‘éd@%%‘qﬁﬁ"‘?ﬁ‘é"%’?%%ﬁﬁ %ﬂ%lagﬁhemelﬁ b?ﬁ(ésqﬁﬂm%g"&a%%mbe f ormed
by two sets of |ntmmkisth@demmtne\tbyushgmﬂmmfmgagampﬁl@fmﬁasumo

hat of o ISt e 8o s 9 el Tl S R0 4L Rk o

pair of parallel, ofthe gauge is plaqsdtsuds togrhsp-adint specimenasits dehter beteten(tlle fivoC )
?2? t and deep en %ﬁﬁﬁﬂlﬂt bond it to two other specimens and permit the gauge to be pulled
PCT/ US96/ 05080 20 longitudinally by hand away from the network. The rod is placed vertically within
the rectangle formed in the network and held against a second specimen opposite
the first specnmen and centrally between the two melt bonds that bond the second
specxmen to said two other specimens. With the gauge hook and rod so-posmoned
~ the gage'is pulled until a melt bond or a network filament breaks, and the gauge
" 25 reading is noted at the time of such break. This test is repeated 1-5 times with other
: spécimens of the same filament and the gauge readings at break are recorded
- together with the nature of the breaks (i.e., melt-bond break or filament break).
o The average force is calculated. A durably melt-bonded filament has, as mentioned,
a melt-bond whose breakmg force exceeds 1.4 MPa, based on the cross-section
30 areaof the filament before breaking stress is applied.
o Preferred propemes of thermoplastic polymers useful as components of
o tough, undrawn, macrodemer multxoomponent filaments of this invention, e.g.,

' -24-
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accommodate the width or diameter of the filanment specinen placed threin

and
and in aligment
the opening to the opposing edge

with a second pair

grooves consist of two simlar pairs of grooves,

of line grooves extend

5 3/4 inch (

extendi ng across the block from one edge thereofto the opening

ing from

of the bl ock. The other set of the

1.5 cm

apart, extenavowsésansversely across the block from one edgect@ssswoseso the
opposi ng edge. The specinens ofthe filanent to be nelt-bonded are cut |ong
enough to be laid into and extend beyond the _grooves and each_is pulled
taut to remrebmwmt\ﬂmwmwmm@gy Teble §.3pgsther mtbmf k or grid
(in the formof ap frd&hﬁmﬂx &higyre) and nmaintained in that
position with pi eces o? pressure sen OPTVe 10 adhesive tape, e.g.,
masking tape, 1 inch (2.54 cnm) w de. The filament-jig assenbly S
placed in a circulating-air oven and heaMfici ently to cause

mel t-bonds to form one bond at t he four points of

I ntersection (over e :

filaments. The assegsty— et St-th 2 e o
stand at roomtenpe Mheﬂim.‘lﬂ)ol and soI i datﬂgsttlifﬁmtrtlhabnds >38%e nmagki ng
15 tape is then relpisyo )F“!‘Wﬂ%ﬂft bons in the boded
filament ne 3

i rod, gsa.mh 2 | 1/ assmch (4.5

gauge, type 719, anmnis&hgth,MPamsmluz&n

cm) dianeter pencil |8 wood dowel . The hook of t hejgauge is pl ced
So as to grasp a fi fSU SPECIMEM at TS CEeNnfer petwee the [t wWo mel t
bonds that bond it 5"’Pﬂ§°'bf’her speci nens gnd ped#? the gauge*¥8 be ‘)ul | ed
20 longitudinally BbYAST2 v _fromthe network. The rodjis placed
vertically within ‘re'eﬂl:angl e foryed ig,Lhg7netwprk angd,diel d

agai nst a second spg w G5k, IR, cit. he first specifen and centfally
betv\eenthe t Wo n‘e' aVaVa¥als aYaYa¥a ho bcond r"LrY'en ta Q:\dtV\D
ot her speci nens. W mmWaadaqcycuad r bd so-pase ti oned, >200 the¢ gage
is pulled until a nmpBreabdASTM D26 malfiedf § | anent breaks, jand the gauge

25 reading is not e teflex pider 246 MPagonstantch bfeak. This test]is repeatedfl1-5

times with other Stress 0 aLlo .
readi ngs at brdak are recorded together with the nature ofthe breaks

(L 4 oo~ 8on bt ol i B e epornrd s £ GAGRrb B 5

mel t - bond whose bsuhdkoagqﬁld),emslbﬁmqﬂsatbréw\ﬁd,eldngaedaoliredldﬁrtheoss sectr on

Pref or red pr oper t PEEAPSRYdP NGt 41 PRATIIAS tieomashett Hareep ot it ipveion

Preferred propert
tough, undrawn, nmay beifoandin publishtd inforfifion oh the therimoplastics,fsiéh & veddognt i on,

€9, 10 literature, polymer handbooks, or material databases. The t2enA§s§le strength,
elongation, toughness (work of rupture), and the flex-fatigue resistance of such
thermoplastic can be determined on pressed, molded, or extruded film or sheet that
has not been drawn and which has been heat aged at the desired melt-bonding
' temperature and time to be used in melt-bonding the filaments.
E)ramples of thermoplastic polymers which can be used to form components
- (a) and (b) of the macrofilaments of this invention include polymers selected from
" the following classes, which preferably meet the criteria set forth fn Table 1:
- polyoleﬁns, such as polyethylenes, polypropylenes, polybutylenes, blends of two or .
more of such polyolefins, and copolymers of ethylene and/or propylene with one
another andlor with small amounts of copolymenzable higher, alpha olefins, such
~ aspentene, methylpentene, hexene, or octene; halogenated polyolefins, such as

'15.
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WD 96/ 37644

PCT/ US96/ 05080 sheat h-core bi conponent filanments, are set forth in
Table 1, together with test nmet hods for determ ning such properties.
TABLE1 Mat erial Property - conponent (a)
Conponent (b) Melting Point, [err]C . at | east
15[ err] C greatvorostsiayn >38[err]C (ASTM D2117) PCT/USY6/05880
mel ti ng point of Conponent

5 . >33 . >3.
(Em)ng ation, % Ten ':'isﬁ E){:lggtﬂ;lgﬁe, rl}/gl?(\n‘lﬁl%ernl\g t%gge), poly(wnyl.ldgnéchfoé-lrdf} Taig 4

(ASTM D882-90) plasticized poli{¥injl chforift)pédpolestei/ettierelssiomers of cyclohexane

L) L AT e ke lvbol and terespeinlicacid Shpciustar Gagiins © ' O
> 200 ﬁ!cﬁ%‘blﬁ&%%lgt&r% Sg ?ﬁ;butﬁg&ﬂ teréphthalate and lonﬁglh?ip pélyésteex under

2.46 MPa const ant ) ] I hg
tenperat ure or pbi glycqls pelyethers such aspolyphenylencoxide; pplyamides, sueh 28 om a

olidto aliquid nsil aat e at. br | for
the t her o el Einefyithd Effliulich o £ bl s i 160 LB Uheiimelt B2 | OF
of this invention asnylonllrmﬂo:bu,hylundmmqmdyethstﬁuhldpdyanidgs;ipnlyumﬂmue

Tt e ol dat abas oo oPpRmElR elwiene, oF ahyjers and bropstedi i et BRSEE S o vl
(work of rupture), esésofloRer di@iols ahd @hfenically-Grisitinated Ghrboxylio acids, such as

t hernopl astic can be deternined on_ pressed,  nol ded, or extruijed filmor

sheet t hat 10 gepolymers af ethxleps wi (%@Wi“@ﬁidh‘g@“ Bestate. methy! agpdateddr ¢ he

desi red el ¢ - Dondi Byt acrylets iGhBABAY bb il ilFicrift 28 d8p8YmbrBhisks bOndi ng

the fil anments. 15 ° ° ~“Exanples of thernoplastic polyners which can be
used to form conpomithgsac, lithium, or sedium geuntesions; porylpuitrilepolymers.guelhass - of t hi s

whi oh pref er abl y na{IOHELE BaslERS Setd Eifbiymers, acofid oro et bilhicans
pol yol efi ns, such amwdified polycisfins sech aspwllejpanbydriderne crylicicjds grafled homp- ol ends
andi or propy! ent® wheHORRES OF e s bads 3F ey e R gL el
copol ymer i zabl e, hiofjyethylehinel polyethgt aciylace), blends of etifienpeinyiiostate
et hyl pent ene. Nexghe et kiR madiyd AR SRR oh AR St
polypropylene with poly(vinyl acetate). The foregoing polymers are normally solid,
generally high molecular weight, and melt-extrudable such that they can be heated
20 to form molten viscous liquids which can be pumped as streams to the extrusion die
assembly and readily extruded therefrom under pressure as the multicomponent
filaments of this invention. The same themdplastic substance can serve as
component (b), e.g., a sheath, in one embodiment of the filaments and as .
~ component (a); e.g., a core, in another embodiment of the" filaments. '
25 Exampies of some commercially-available polymers useful in the practice of
this invention are those sold as Elvax™ ethylene-vinyl acetate copolymers, such as
Elvax™ 40W, 4320, 250, and 359 p_roducts; EMAC™ ethylene-methyl acrylate
" copolymer, such as EMAC™ DS-1274, DS-1176, DS-1278-70, SP 2220 and SP-
2260 products; Vista Flex™ thennbplisfic elastomer, such as Vista Flex™ 641 and
' -30 .. 671; P:imacnr"’!" ethjrlene-agrylic acid copolymers, such as Primacor"’ 3330, 3440,
3460, and 5980 products; Fusabond™ maleic anhydride-g-polyolefin, such as
. I-hsabondﬁ MB-110D and MZ-203D products; Himont™ ethylene-propylene

SRR ) cue e .26. . . :
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- 25- WD 96/ 37644

PCT/ US96/ 05080 chl ori nated pol yet hyl ene, pol y(vinylidene
fluoride), poly(vinylidene chloride), and pl astici zed pol y(vi nyl
chl oride); copolyester-ether elastoners of cycl ohexane di et hanol ,

tetramethyl ene glycol, and terephthalic acid; copolyester elastoners
such as bl ockwoesmsgger s of pol ybutyl ene terephthal ate and 'ﬂﬁﬂ“
pol yest er 5 glycols; polyethers, such as polyphenyleneox

nd nyl on 5, o: i Sppaymes, mpbpiineribR RS 08, KS978 3 E@w%iémﬁy&w%"ﬂnyl o
6,10 and pol yet her pblyprolsylene, siiti aé FINAT® GB50OX Piodadi SBscorenc™ polypropylere)siith gs Of
et hyl ene, or ethyl ene and gM i/ll ene, with (meth) acryI ic acrd or with

esters of |ower al E&FRSE pponiast™ 150 aespropylenetbutens epRYMEE aci ds,
such as 10 CODSLHW%&EePEM'a?Q&IWBQW'ﬁ réduots; Bftathigvm! NY|

acetate, nethyl acrylate, or acry at e, lononers, such as

et hyl ene- met hacry| pelyamide sue!wﬂ;lmd?t%mlmémd Ultramid™ 43 nylon ﬁﬁd’foﬂcﬁn um
or sodium counteri Pﬁm [ ™
acrylonitrile-but ag ene p%@?fe&%ﬂo%o yners, BZ%?’@’F%‘?&““ Rr#g‘rms m caI ly-

nodi fied pol on ef [ nbaomelckuchssmm{aﬁﬁsm MandlBESNQ/PZOmybnlldprqlmfst ed

ol ymers, such as. EERKHLpoNetter bSeE o Hashan cties Yo b B0l or o)

bl ends of et hyl enesssm'zaz:epraam Hmmpayus&kunémanﬁcﬁmﬁmmhyl

acryl ate; and g& I%?%ﬁ’ @/I erjlg‘s nd/ o ropylene wth

e e .

genera y high nol ri b‘iﬁ' } and Strlyhtprdd é&d, albfidbr can be
i ch e

heat ed 20 to formnolten viscous can punped” as streans
to the extrusion dfemponent(b); amistbeahﬁquesmbedéésjaﬂey, EusshondidimbiteEsdorene; under

pressure as the nu filanme of t nwent i on. The
sane thernopl astic lLlrbsf ancgamé% Lprod 3“5?'& seaalc'“%grﬁﬁ(yf?g#ﬂ \f?‘ﬂ?mgm
sheath, in one enbfednromporeht (a) cExeimphrnrovmbimtiohsasf these polymersdér§ep fisreh in( a)
e.g., a core, | r enbodi nent of the filanents. 25 Exanpl es

of sonme conmercial ['y-avail abl e pol ynmers useful in the practice of
this invention are those sold as Elvax[err] ethylene-vinyl acetate

copol yners, such as El vax[err] 40W _4320, 250, and 350 products;
EMAC] err] et hyl ene- rret hyI acryl ate m&g&ymer such as EMAC err]
DS- 1274, DS-1176, Comt S . st a
Plextort] ther mopl hariomgass o 2> ConpBhenfe) o T - Congy: mg
671; Primacor[err] et hyllene ag¢ryl i ® ws BLYSIOB§rer s, | such Ultsaniid B3acor [ drr]
3330, 3440, 25 wt% EMAC SP 2220
I 75 wt% ELVAX 350 Himont KS-075
- 25 wt% EMAC SP 2220
m 75 wt% ELVAX 350 40 wt% Vestoplast 750
25 wt% EMAC SP 2220 60 wt% Escorene 3445
v BMNO P40 Zytel FE 3677
I \'A Hytrel 5526 Zytel FE 3677
I \Z Pebax 3533 Ultramid A3K

Blends of two or more polymers to form component (2) or (b) of the
20 filaments of this invention may be used to allow the custom modification of material

 properties such that the components meet the perfonnance targets required fora
particular application.

. . .2"’-
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3460, and 5980 products; Fusabond[err] mal ei c anhydri de-g-pol yol efin, such

as Fusabond[ err] MB-110D and MZ-203D products; H nont[err]

et hyl ene- propyl ene - 26-

WD 96/ 37644

PCT/ US96/ 05080 copol ynmer, such as Hi nont[err] KS-057, KS-075, and
KS- 051P pr odwég ssz7éals NA er r ] pol ypropyl ene, such as § 9S/ososo 3860X .
product; Escorene[err] pol ypropyl ene such as Escoren[err] 3445;
Vestopl ast[err] 750 ethylen ene- but epe

Surlyn[err] ionorrer s§€'ﬂ°3§“‘§ ‘i‘[fga'f MW&?&?&W@”M
Utramdferr] Mﬂﬁthﬁh@ﬂn&ﬁa%i&ﬂmxﬂﬂwpdss&mwghﬂc ﬁexa’ﬂdgue

Utramdferr] A3 ny on roduct s; Ztel[ergﬂggl'}/ﬂ& ch as
Zytel [err] FE3677W blepds have qne|ox maredronerty yplyes fisted i e Twliplc oo
such as BMNO P40,
Pebax[err] polyet W‘ﬁéﬂ%ﬂ lB&Ee eﬁi‘g m as Peb%&tl[,%lp‘rhrd% 33,
3533, 4033, 5 theﬁﬁﬁﬂasﬁnq)ol?ﬁtlptmducﬁlsblendﬂ H‘h@blmqscpm\’mmd byisimplener |
such as Hytrel[err 10 ,4056,and .5 T I bed
ELVAX, EMAC, Pri *8“‘“" ﬂ%‘a??"“ﬁé‘dﬁi‘"?ﬁ? @#‘%ﬁassﬁ ﬁ?““&%ﬁﬁét s may
3e useg dalvone ?Ir bltﬁdlb:fmb S aﬂsﬁ oly(ethyleﬁ@ﬁmaedﬁte)( h)chaﬁﬂlia*""eop‘dlpmu i and
escri be stafl ex usabon | ore tram d an
Zytel products cavihds agéa“aw&ﬁ ﬁﬂ% o?“cpﬂbpwgéa form
i gﬁgogfnt 2( CY a%ﬂ%dmﬁbﬂxﬂﬁtﬁmwﬁm Bf%tﬁ%b&fmo&Faﬁ@tMostt h in
able 2.

Conbi nat i on 10 inventionc§uphyblend exhibits better flex-fatigue resistancethansithent ( a)

25 wt % EMAC Sp 5 2 eisteteTinyietate) or poly(etylenblabel BEHcH Bl go,_ Subscauent heat-

Hi nont KS-075 aging, however, will degrade these ﬂex-faﬁ@emrépm.(busﬂlemﬂtaged blend

L e 5o 23 Wity e el AR ) |,

BMNO P40 component of the ﬂgﬁd@mdﬁﬂy&ﬁﬂ’ Have a weight average moledular weight, M.,

Hytrel 5526 15 of 50,000 to 220,000 & Ll will Rave 3t 45 mol% of its interpolymerized units
derived from the vinyl acetate comonomer and the balance of units from ethylene.
The poly(ethylene-acrylic acid) component of the blend generally will have a M,, of
50,000 to 400,000 and have 1 to 10 mol% of its interpolymerized units derived
from acrylic acid and the balance from ethylene. )

20 Another such novel blend is a blend of 20 to 70 wt % poly(ethylene-
propylene-butene) terpolymer having M,, of 40,000 to 150,000 and derived from
equally large amounts of butene and propylene and a small amount of ethylene),

suchas Vestoplast™ 750 polymer, with 80 to 30 wt % isotactic polypropylene,
. such blend having highly superior flex fatigue propertiés as compared to Vestoplast
"~ 25 7500r isdtactic polypropylene components per se. Sqrprisingly, heat aging was
found to improve the blend's flex-fatigue resistance. Such blends are useful in
- forming the core of sheath-core filament of this invention.
7. Another blend that which can be used in making the multicomponent
.ﬁ!amems isa blend that contains from 15 to 85 wt % poly(ethylene-wnyl acetate)
30 and 85 to 15 wt % poly(ethylene-methyl acrylate), such as EMAC™ polymer. The
" .. poly(ethylene-vinyl acetate) component of this blend can have a molecular weight
and composition like that described above. The poly(methyl acrylate) component

- - L : -28. o
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Vi Pebax 3533 Utramd A3K
Bl ends of two or nore polynmers to formconponent (a) or (b) of the 20
filaments of this invention nay be used to allow the custom nodification of

mat eri al properties such that the conponents neet the perfornmance
targets required for a particul ar application.

-27- WO\GH6443644 PCT/US96/05080 :
PCT/ US96/ 05080 Some bl ends (two of which are believed to be
novel ) of thernoplastic pol ynmers useful in this invention have been

found to possess mhvgn%ofﬂblwﬂmmmendﬂo40m°|f‘/esﬁlt$tl%tmélmmumsends
have one or nore g, )

surprisingly supe|Ia \Fﬁ&?é}%?ﬁ%@'&l 4@4‘%%6&0918;%8 %r 8{%@!‘%\‘/’5‘%’%‘0"0 e

i ndi vi dual 5 irésistancgisainpared od pulﬁethyledeaﬁnyhaaetate) coinporiehtpedse orThe bl ends
can be prepared b n tQer rs in

t he applrooplrol ate rﬁ?@é@ﬁ'@‘w&ﬂ&gﬁ "ﬁg é_gﬁg Bﬁ%@%ﬁf@@%ﬁS w %

FO| ﬁéewylye”eYi ?yltbleﬁicmwmfﬁaﬂwﬁtaﬁmh{agwdbogﬁ?ﬂi qﬂﬂwblendpnortloheu th 15
0 6 pol y(ethyle ryli | such as err 0
whi ch bl end is us@B§ g‘é?"‘fﬁ"r“ﬁ‘aﬁ ﬂ'ginfﬂ"“ggéq‘ﬁa% Wﬁ?l ber

of this 10 i nyReatioan- Such bl end exhibits better flex fatlgue

resi stance than either pol y(ethyl ene vinyl acetate)
pol y(et hyl ene-acryl i c Zbe ehovpdeschbed spersistiqblend Sﬂmmutlhtymthe@gnnﬁﬁm

prond | "GP R o B, Whih il S Sapbalng, 4, Bl R wanal

pol y(et hyl ene- ¥ nylbat-bondmgﬁl)n conponent of the blend generally will

nave a vel gt aver age 4Rl el At MEl HienloPhidimentio ot il B88phag 0, 000

and will have 5 to 45 rpoI yherirze
fromthe vinyl aceudmmmwhermﬁiﬂbdbhsnm&awposﬁexmimxpénmmsmfh;dhe:ne.

Th I t hyl I f the bl II 11 h
T Do o e SR el B bR

i nterpol ynerized units derived ‘fromacrylic acid and the bal ance
from et hyl ene. 20 Anot her such novel blend is a blend of 20 to 70
w % pol y( et hyl&ne- Hot Quench Bath Process (For Melt-Bonding).

In the preparation of articles incorporating the macrodenier,
mnlticbmponent filaments of this invention, the temperature of the quench bath
described above, e.g., in FIGS. 1A and 1B, may be an elevated temperature to
permit durable melt-bonding of the filaments, thus eliminating the need for a thermal

20 bonding step after the filaments are withdrawn from the quench I::ath. Because of
the multicomponent nature of the filaments of this invention, the quench medium in
this operation can be heated to a temperature above the melting point of component
(b) but below that of component (8). If the web of such filaments is maintained at

. this temperature, the tackiness or flowability of the still hot component (b) of the
" 25 filaments is retained, while the now essentially-solidified component (a) provides
dimensional stability to the filaments, and, as a result, component (b) has time to
" melt-bond at the initial tack-bonding sites and provide similar if not equal strength
to that achieved in a post-quench thermal bonding step that otherwise would be
necessary for durable melt bonding. In contrast, single compohent filaments cannot

30 be heated to these elevated quench temperatures without seriously distorting or

destroying their as-quenched, tack-bonded filamentary structure obtained at lower
| iluench temperatures. This operation, wherein the quench medium can both quench
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propyl ene- but ene) terpolyner having M of 40,000 to 150,000 and derived

from equal ly | arge anounts of butene and propyl ene and a small
anount of ethyl ene), such as Vestoplastm 750 polyner, with 80 to 30
wt % isotactic polypropyl ene, such bl end havi ng hi ghly superi or

flex fatigue properties as conpared to Vestopl ast 25 750 or isotactic
pol ypr opyl enewodgpmpent s per se. Sur prisingly, heat aging m

found to inmprove the blend's flex-fatigue resistance. Such b enés are
useful in fQrmng the core of .sheath-core filanent, of IS

i nventi on. and ’““““g‘“RHgY H%'F“tmejs’rmn Bea HOTHAVER w&h?"“ﬂﬁeﬂg’éﬁé‘#}ﬁmﬂaki ng
the nul ti conponentbondings step(f)i Th€'Bulk feditm for'thie Bperitivhlcar b ¥elktted to' match the t 0 85

wt % pol y(et hyl ene-vinyl acetate) 30 and 85 to 15 % .,
pol y( et hyl ene- met ¥pnousdlament E‘)“,‘P@ﬁﬁh‘m&éhmmfmﬂfﬂsm? medjya may be

pol y(et hyl ene- vi nﬁ.ﬁg@f@ﬁwgﬁ&fw&%hﬂsmadnmrbrmuameﬁ&nﬂwl ar

wei ght an at' described above. The pol y(net hyl
acryl ate) conpofierfluids. The bath for this operation may be heated by a variety of methods, e.g., - 28-

WD 96/ 37644 < e . -— 141596/ 05080
can have a Merr] elegpwotnc;' °§‘8’6”6'66" %rnoc}h% htqudiuﬁat-r%f%%efmfﬁg Fo?

i nterpol ymeri zed exarhple, steam heatdnay beasedfto hent & iwaterguénch bath to/d teinperaturednoner .
The bl end has superjor,f fatigue esi st an as red to-

pol y(et hyl ene- vi n&d"g’c%?h?e'g'}g %‘??%g?’(ém!f‘ﬁé‘?aé@pBVt“reﬁ& encugh {0 melt

pol y(et hyl ene- net hixérmaptastica ik p eI whél use® for SHASEHERID) of Metilaniditd)g Of

t he 5 blend further increased flex fatigue_ resistance above that of the
bl end prior t o ifeayhile nylon 6 mayibaysed oroempenentia) whish wall be gyegrhed gt theseni ng t he

core of sheat h- congnddrdtasn | ' ' : The
above-descri bed syneégl st |'c_ eFﬁer‘r‘ldisyd?t‘l,'m S%mﬁéﬂagyiwla?Pf;ﬁic?\m%lﬁgm?%ormrﬁ“of film
tapes, or tubing, filiments experishces inthe elevatedisempiiratyre bathdvitl also bifestiterfijament so be
used as 10 heaty ' £ . The L | conponent

T haments of th s SPRG AR, Th kfveing thy et teough ths el ey atRE R,
filaments nmay be mudiuin s&ml dny asociatedlls ok goidirig-devices, 8 nay bodesirstlé s t o
further nhance utilit SO exanpl.es, of such eration re the
fol | owing. - 155 necessary Eo suppc%t the w&?co%q%&ilmygbggﬁ ﬂec%!ﬁ)lg.cgggyeégge |

Mel t - Bondi ng) . advantageous to add #'futth@ cbélmgafatibh & satiifactdrily édoPthe h&d&d Wb at i ng
t he macrodeni er, .

prior to any additional conveying, handling, or processing.

Embossing Webs
20 Embossing the melt-bonded, open, nonwoven webs of the macrodenier,
multicomponent filaments of this invention is another way of providing a change in
either the surface appearance of a web article or in the functionality of the article.
Embossing the web article can change the physical appearance of the structure, e.g.,
by adding a recessed grid pattem or message (e.g., "THINK SAFETY") or a
25 flattened edge to a mat. Additionally, articles comprising the filaments can be
embossed by passing such an article between patterned or embossing rolls while the
" article is still hot and soft from the melt-bonding step and before it is completely
_ cooled. Such an embossed article is shown in Fig 24. This embossing operation
- may be utilized to reinforce a web of the multicomponent filaments in both the
30 machine direction and cross direction. The multicomponent filament nature of the
webs considerably improves the ease by which embossing for a nonwoven
ﬁla_mentary web may be achiev_ed. Embossing a pattern may comprise heating a

et . . .30. :
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mul ti conponent filanments of this invention, the tenperature of the quench
bat h descri bed above, e.g., in FIGS. A and IB, nmay be an el evated
tenperature to permt durable nelt-bonding of the filanments, thus

elimnating the need for a thernal 20 bonding step after the filanments
are withdrawn fromthe quench bath. Because of the nul ti conponent

nature of thavosermemnts of this invention, the quench nedi UBcirirso6/05080 this. .
operation can be heated to a tenperature above the mel ting pol nt mr’

conmponent but beI t hat f co n a [ . the ch

fi Irrgrrent s is mai nt“éH)“Ff@g‘P%‘!e“t '\*,‘V‘“e‘““fe %@P é‘)“m&°‘l*3§ﬂ<?€'f%‘§g°§ﬁ“&'

flowability of thqhehlimpdridgthe Pﬁf@tpﬂ‘&ﬂh s(um:lfy erbﬁlaten%derfpr&sﬂfe ,
0

retai ned, while the now essentially-solidi eFggonent (a) provi d s

di mensi onal st abi |ﬁmcyortsa°mthqhoawehtéltm'ae'y,a§'e platencan bewssd I(b) has
time'to ’Lﬂd %ngjérﬁ&dd&bf&@d w&lﬁﬁ&:&&%ﬁgﬂﬁr&h&nﬁﬁgﬁﬁ&

simlar if not equ str to that achreved in a post- quench
t her mal bondi ngS s tusheatet aneb.o Diesiredipatterngofieithds @ continuous qre@m:m;ousmmmmabl e

neated Lo these obboRpoR s RAbSIATHRE L n ARG 6@ 00ng sl

or dest roylwigoﬁthndesnratedlhpse@ﬂeﬂwebamnded filamentary structure
obt ai ned at | ower erat yres I |n t he
quench medi um can both °tf$rm“ ‘V% Pﬁ%‘h{e‘?% Bove descri

PCT/ US96/ 05080 Quench Bitldl’x%béﬁd drrteaititizdd\in &ﬁ\jmﬁomkﬁabﬁmpaﬁm% away
with the need forﬁ"gdltlonal bondl‘H%foste s). The bath medi uH1for

thi s operati onl®asmBessiagrolisithay arejosatad after rmation sQ, a5 to pattern the-sorfame

conponents and t hejeh wHi é&orﬁfamr(e}dﬁ:ﬁﬁnuﬂ&ﬂ:peﬁ&kmtmeoﬁssnuhot\mer or
ot her heat-exchange fluids, such ‘as inert silicone oil or inert

f1 uor ocheni cal tapky and while thewelia still easily defarmablglut yet bondeds Thismetbod ed by a

variety of nethodg . or
ot her liquid heat- exaﬁ‘ﬁg'he“e'ebneemboss'%&é}ﬂnqa{ewm lQ'pﬂlg'?eam %"eya?&gﬁggé be
used to heat a watsmfacqnewmmatidn dfdxed)aﬁleﬂlpmoaldmsefrom complex patternstofaboi | i ng
poi nt of vvater ut 0 ate er Ure hot .enou t 0. NE : .

Pher mopl asti o611 s Pobsibe kol ibefeti il e Biin b2 iertire trovid plimeety
filaments, 10 whxsbﬂxerrwumg&reswwmuﬁmimf The aﬁmﬁﬁgmshﬁ)bmmhnw Il be

guenched at these erat ures The time and tenperat that a web
of such rrultlcorrpdﬂ@fﬁ‘t‘heq“"“‘r”ﬂ)b%“?P"amﬁ’rﬁ"g"@(ﬁ%ﬁ‘?dé\‘&%9 fthe qyench ath but

el evat ed- t enper at %ﬁm&hpw&ﬂm@ﬁﬁ thd Wéfik sl Hof hrid Befo¥e itlis cooled to ambiest

strength. I'n conveyirng the web through the el evated-tenperature quench

medi um and any as SouditiansdApettergediweb meay alsorhs fermed bngmbwmaﬁyndsé websirabl e or
also be ) SRR ol Pl it BB lack W90 oI iy col o4
satisfactorily codesitble) widhharcembossing roll, which typically will be chilled Because of the

multicomponent filament nature of the web, web temperatures higher than the

collapse temperature of component (b) of the filaments can be achieved so that

~ embossing with excellent flow characteristics can be accomplished without
" 25 undesired web collapse or distortion. This process patterning would be much more
difficult if not impossible with monocomponent fibers that require bonding with an

additional bonding agent(s) and web collapse would bea limiting factor.

Foamiﬁg Multicomponent Filaments
30 " By dispersing a chemical blowing agent, such as azodicarabonamide, sodium
bicarbonaté, or any other suitable gas-generating or foam-inducing agent, physical
or dwm_ical, to a composition used to form a component of the macrodenier,

. P
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prior to any additional conveying, handling, or processing.

Enbossi ng Webs 20 Enbossi ng the nelt-bonded, open, nonwoven webs of
t he macrodeni er, mul ti conponent filaments of this invention is

anot her way of providing a change in ei ther the surface appearance of
a web article or in the functionality of the article. Enbossi ng the
web article cqpogdripe the physical appearance of the struct o
by adding a recessed grid pattern or nmessage (e.g., "TH NK or a

25 flattened edge to a mat. Additi n,al.ly,,articlgf COprisin thebe
filaments can be multicorapenent flaments opthisinvertion, & foampd or efllpr StUEHitR £aT,

patterned or embosiiped 13lshitie bhill oF te'tBmponents oRtlielftenfinisS SadH fokmiliginapbel Sof t

fromthe melt-bonding step and before jt is caqppletely .. cooled. Such

an embossed arti clused to altettha materinl properties (8- regiligney, Spesific gFYtn #dsnsption nmay
o oo ! . . . ! he
0 hachi e di rect i Aciefsite Stk propfified bto) LP ARARERmald b Bared of ¥ 1 1 N°

30 machi ne directi ticonponent filament
nature of the § cellulatraulticomypiodent flatnents. nSuch foaming soaytend:-tosyelhtheshicknessafsi ng

for a nonwoven o Tl tary web be i gved. ' tern
may conprise heat i%m&mﬂﬁ%amen& as well 9&‘% owrﬁftﬂc%x&gs of w%%ﬁéﬂoﬁﬁﬂ@é 30-
WD 96/ 37644 filaments. A surprising and unexpected result of macrodenier, multicomponent

PCT/ US96/ 05080 - nuj t | conpone filament web (w thqut undue
distortion or col |5A§§@tb9ft{“ﬁ@%mwaﬂ§med cores ‘smp‘?q%éﬁ“f'téﬁ °fp“c’ﬂbfer n
froma suitabl y- sheped finf bR faRE blaRieis & ofpdfed 66 web fgde with unfoaniednCt i ONS

to cool the hot web. Alternatively, a heated platen can be used to locally
soften and conpPesmulticamponentSlamgntshout di storting the remaining

unconpr essed and 5 unheated web. Desired patterns of either a

conti nuous or noncontinuous nature can . be enbossed readily w thout
the need for an additional and | ater rehéaminatingstep and W t hout
undesi red col | apse of 2!31% web . struct

re. l.n.ane t hod of
form ng such a pattern Mdmf'MgW@PHB%F‘W'%WbS°fg“s'“v°&{§'hw Bat h
P:Tgc ess can le ut i Heilzmidat ﬂ':tlllt(ﬁ(ﬁﬁjogﬁﬁ]fd p?éfoﬁﬂegh]!ememiof bazking asutieastRaimoplastic . lg
enbossing ro that ar ocgted after gQrmation,sq as t attern the
so- f or med 1s rﬁ@ﬁ%ﬁﬁ"é ﬁﬁﬁbf}%ﬂl‘s%\l\geW'&%@"Wﬂ?@?@'ﬁﬁﬁﬁﬁgﬁg anent s
thereof is still fﬁlﬁ%a'l‘ﬂbbackipr%mayioiwﬁﬁ&v%ﬁiﬁ&ﬁ&h@eﬂiﬂbp&rﬁw&iés'&ﬂﬁﬂiii|y

def orm abl e but yet nded. | S, et hod I sol at es t;he web- enbossi ng
step fromthe web-35&thaepssof backed fiaas mats.of ppen. pRsWpYFa webs of the

multicomponent filaments, or the backing may act as a reinforcing agent imparting
dimensional stability to such mats. The melt-bondable nature of the
20 multicomponent filaments of this invention is particularly useful in achieving their
excellent self-bonding to such backings without the need for additional bonding
agents. The bonding and laminating temperatures can be sufficient to cause the
filaments td_ become hot and tacky to allow fusion between the backing and
filaments while component (a) thereof is above the xﬁelt-bonding temperature.
25 Although not restricted to like materials, better bonding can be achieved between
similar materials, that is, when the Iaiﬁinating backing is of the same thermoplastic
. composition as component (b) of the multicomponent filament of this invention.
- '-Kddit'i'pnally, the backing may be embossed, prior to lamination, with a secondary
. pattemn, for example, raised pegs or projections, to impart a texture or frictional
130 . aspect to thé backing or the backing may be embossed as a result of a pattern
transferred from & supporting carrier web, for example, a metal griél or mesh, that
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surface or wave notion of the bath, that could arise fromconplex patterns
of a 15 surface enbossing roll interacting with the bath surface
interface, would ultimtely cause the resulting web to be

nonuni form The enbossing rolls may be cont ai ned wi thin the quench
bath or may even be | ocated outside of the quench bath but | mpart
their patternyogesvgsd € the web is still hot and before it i%@%@ :
anbi ent conditions. A patterned web may al so be forne y ennossi ng
bonded web 20 emerging froma hot air-bonding oven (in cases where hot
bat h- bondi ng may nearridsshe backing andhesbithratighed meli-bonding ouerttozoduge p bagked wieb ch
typically wll be ' . mul ti conponent fil anment
nature of the vveb,%‘#@%ﬁ%ﬁé@ﬁ‘%e%ﬁtﬁ%e?Fglqlé?f t he col | apse o
t enper at ure of conponerithe bisckingimdyhaisofbe thermoformedpriobto laminatione The antifwdion

nbossi i th | l.ent fl| h teri Sti | d w t hout
25 undesi red web A TeRmei B o Oy RE Relna e e i@ FIONE ] oul d be

mﬁch more. ] sd_ diffimﬁﬁdthéimﬁi&iohmggssjdahleas}ﬂxéwgmmcmﬁm? refddgensb
that require bondinhg W th an . I t1.0na onail ent(s), and we

Foani ng Mul t | conpOgfiident 1atidWiirs can € doveloped bdfeds Do batfling af B veh o

bl owi ng agent, such as azodi carabonam de, sodi um bi Carbonat e, or
any ot her suit abl callgwshejlaminatato beconveyed sorthebonding nyemyhere dushlemeltshonding

or cherical, to a GYRASAILE RV, hORl GueBARBReueldibed INOUE ©
PCT/ US96/ 05080 10  be used toudutablysusitchond multicompenentfilohentsifshe lamimatei on, a f oaned

or cellular structure . . _Lnmparted to or L _qQf the
conponents of the fil aﬁ%@%wﬂﬁgﬁﬁﬁ' af'Pé%ﬁ'ée%Q&Eﬁnoph%%&?aa?@'ﬁﬁlﬁ t he
mat eri al properti gositione belowahé Welejustprios fethe nek-bonding dvien, valibsedy Rt wéight
characteristics, aqr}.} ' s‘!g‘i?bpiﬁglﬁ)cg%es, eﬁ;ﬁ%a%ﬁéxgh?o %{‘%i;\cl e de froqrget ge

f oamed or 5 c€ Shehae . W nd to
swel | the thi ckneseruef web-backing Taﬁxﬁ}a{eﬂeﬁh ielathationk mfg:b?nsﬁﬁréﬁqb be Efibieht®

overal | thickness of webs forne romthese anents. A surprising
and unexpect ed 1f e Jaminatiom withoutany pndssired-ariaddedpressuresabut these lamisiatiaseantalsoof

For mod T om such {nai P eiieife Kiee 1o Babhfor \ERPLof o3 irARM R o

10 nul ti conponentenibossinge(described hereinbefore) in combination with laminating process.

Abrasive Articles
20 Abrasive articles can be made using the macrodenier, multicomponent
filaments of this invention or webs thereof. These articles can be used for abrasive
cutting or shaping, polishing, or cleaning of metals, wood, plastics, and the like.
Additionally, coating abrasive particulate or grains on the multicomponent filament
o surfaces can provide antislip or friction. Current methods of creating an abrasive
25 article as taught in U.S. Patent No. 4,227,350, for example, typically rely on first
coating a suitable substrate with a durable binder resin and, while it is still tacky,
then coating thereon abrasive particles or other materials, and finally curing the
abrasive or antislip composite structure to achieve durability, toughness, and
functionality. Such a process typically requires high performance resin systems that
30 contain solvents and other hazardous chemicals that necessitate additional careful
" monitoring to ensure adequate cure with minimization of residual ingredients as
well as sophisticated poliution control schemes to control harmful solvent
3.
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Lam nati ng The macrodeni er, nulticonponent filanments or webs
of this invention may be lam nated to one or nore preforned el enents
or backing, such as thernoplastic 15 filnms or sheet. These elenents can
be solid or porous (in the case of a foaned film. The backi ng may

act as an inpervious barrier to either particulates or fluids as in

t he case of b@ﬁlfg‘?”upor mats of open, non-woven webs of the
mul ti conponent filanents, or the backing may act as a reinf o?ﬁ’ﬁ’é’%@?ﬂ

I mparting di mensi onal stability to such mats. The nelt-bondabl e
hature of the 20 emissions.OTRexo6gh mbititomponent fiinehisiofthisiventionallows

particularly useful ,in_achieving their . excel lent self-bopnding to
such backi ngs wi t hd¥P %é%@%&!‘ﬂ"%?feﬂ"%&ﬂﬂk%%mﬁ'w ts. The
bondi ng and | am natdﬁﬂﬂuﬁ&i@ﬂbﬁ&ﬂfc@ﬁhﬁ@&hﬂm&ﬁémntgmusboomuamstsmem

filaments to becone hot and tacky to allow fusion between the backing and
filaments while coripsesdnandeliminationesesnofithe need fos addidonsthonding agentin the cases

t enper at ur e. 2 ﬁb : hfabasd ' I flsi"

bondi ng can be a%hivg‘{l/e‘eé}) e V\ngg&nmrﬁé&ﬁ SI m%ﬂﬁﬁeﬁgﬁ?@ﬁg& S, when the
| ami nati ng backi ng systemf Théwmulticomponént filameita of this invention cax simpltaneoushnprovide
conponent (b) ofth | o 11 tr 0f kSl ti .

Add! 1 onal 1y, ¢ he SRS yEOABROGAL cban i ManiBiagd it B BRabRBe pappipfary
secondary paiomponent Eantbe granulps of regular senbnpegylar sltapg) byirodlly@ny sizé, and

ber nbossed as o r ASEREL BPm 2 by ey o classes OfJatik kYRR, UFRPS.SBHEH { g
carrier web, fonpe Kite, SachBs siticod) 6drbld& faluiifth oxlide2 bubic boron nitride, ceramic

- 32- WO 96/ 37644 . ) ] ] . .

PCT/ US96/ 05080 eads or geainsisuch as Gubitsan™; ahrasive matedals, und plastn abrasiue grainandi ng
oven to produce a j i S0k ot 1 N
FI G 23. %%ﬁ%q én(_:ef?iterﬁg fﬁ%f/&;ﬁgsg%‘ps?ﬁ%ﬁoﬁ'o%gﬁg% or to

| ami nation. The | arfbrasive aticle will determing ywhat-maseriald aseisuitable foy component(by ofthe

rocess, such ag. rachRofi flipgh athacide, 0 oy " "L aCki ng may be
used i nstead of 13 he casDiffeseitimethodd df applying eticaatingthéabrisive partidulate on or to
the filaments or webs of this invention can be used. Because of the multicomponent
nature of the filaments of this invention, the higher melting point component (a)
. ‘thereof allows structural integrity of the filaments while allowing component (b) to
retain its hot, tacky nature when the filaments are heated in a melt-bonding oven.
20 By sprinicling, dropping, blowing or otherwise coating the abrasive particulates onto
" the hot, tacky surface of the filaments, the particulates will adhere to such surface.
Depending on the heat capacity, crystallinity, and melting point of component (b),
. adhesion of room temperature or cool abrasive particulates can occur. Enhanced
_ adhesion can occur when abrasive mineral particulate is preheated prior to dropping
25 onto the hot component (b) surface such that localized cooling is minimized.
Adhesion to higher melting point thermoplastics is especially enhanced by
. preheating the abrasive mineral. In addition, surface treatments of the abrasive
| pamwlates may also enhance adhesioh, for example, by a silane surface treatment.
Another method of coating filaments or webs of this invention is passage of either
- /30 the filaments or previously prebonded webs thereof'into a fluidized bed of heated
N abraslve mineral particulate. This process has the particular advantage of more
- . forcefully pushing the hot abra_sh)g mineral into heated component (b). After

34
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sufficient tack- bonding can be devel oped between the cool backing and the
web to allow the am nate to be conveyed to the bondi ng oven where
durabl e nelt-bondi ng can be achieved. Alternatively, the Hot Quench
Bat h Process descri bed above can 10 be used to durably nelt-bond

mul ti conponent filaments of the |am nate. | n anot her _

| am nation prwe a prefornmed thernoplastic backing may b .
positioned bel o{?\/&t@g“e4 web just prior to the nelt-bonding oveﬁl,’cr\%sg?w t he
wei ght of the web in contact with the backing is sufficient to
obtai n t he durabl eoolitg theabmisive particulatesfate udhevedorite akd inth componett @). Ahese

| am nati ons can beg considered,to he anbi ent 15 | am nation without any
undesired or adde %'Fé?éﬁ?‘&?fwb?Wé@&&hﬁ%&%@"&&hﬁ?‘geﬁﬂ%ﬁm be

fornmed using conpriiybe used to fergier ek titfabfasivd WirticiiitS 10XRe Affatdofithe M addi ti onal
enbossi ng (described_ hereinbefore) in conmbihation with |am nating process.

Abr asi ve Articl es multiggmponent filament-oriwebs thereefe| es can be made using t he
macr odeni er, nukti conponent filaments of this invention or webs
thereof . These articles can be used for abrasive cutting or
shapi ng, polishing, or cleaning of nefilamentaryStictupgsasti cs, and the |ike.

Addi tionally, coating ﬁé ﬁ‘ﬁi*%gm?%%@wg‘%{’fﬁ*s‘?ﬂ"%@ Pﬁs"ﬁ"éﬁh"mﬁ’“%@éﬁmonem

filanment surfaces can p I'p or 1 on. nmet hods
of creating an abradeantageousiyased toi enhanceboriding gvhen anticles & wébafirethe forin.of

Subst Fate wi th 5 dieaen Sk s el seprilsang py U Flendlfhe, 1 ©
t hen co?}1 i ng theragnstl)ams Welygana g%) 4,:6_%,483; axﬁM}?%f,ﬂM’;(BﬁWl?*)&re?ﬁﬁhﬁ‘eﬁﬁ%H y
curing the rasjve ,or .antisli osite structure to achieve
durability, toughr‘?eg‘s‘}m&hbrnd“"d‘?'a“"smﬁ@?f@gfgﬁ%ﬁm@%wce}%%%@% typically
requires high perfuﬁa,mmF% spifaling, hoE eRiRied, : ' @J}gcgnand

ot her hazardous cheni ca srtﬁat'ﬂgn'ecgssi tg%'gﬂﬁgacgr%iggeﬁgﬁﬁ@gﬁrtg?ﬁ?&v i

moni toring to ens§eighidiamestsand thea agg quendhechin gicoslingdathyp reteinter shape of the
| ngredients as  3p-formih ilanfftay¥rdkidle, TRE filidRBMpoHehOihnlto BF the KlamEls MBS O

control harnful - 33-
WO 96/ 37644 15 provides an unexpected advantage by allowing component () thereof to provide a

PCTIUSDO1 05000, ot 0 S By o T 5,
particl.e-hol di ng lformdticn myls-baidingsgep or by utilizing the above-described Hot Quench Bath
Process without the need for any additional process steps. In this fashion a tough,
durable web of filamentary structure of multicomponent filaments can be prepared.
20 |
Fire Retardancy
As mentioned hereinbefore, fire retardant additives may be incorporated or
dispersed in the filaments of this invention. Exampies of such additives are
_. - ammonium polyphosphate, ethylenediamine phosphates, alumina trihydrate,
25 gypsum, red phosphorus, halogenated substances, sodium bicarbonate, and
. magnesium hydroxide. Such additives can be blended with the particulate
_thermoplastic precursor of components (a) and/or (b) of the filaments of this
invention or can be added to the melts thereof in the melt extruders used to prépare
them. Preferably such additives, where used to impart fire retardancy to filaments
30 of'this invention, are incorporated only in a component (a) which does not have an
" external surface that defines the material-air boundary of the filaments such as the
| core of bicomponent sheath-core filaments. By sb-incorporating the fire retardant

-35-
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el imnation of solvent-coating techniques, the ability to use 100% solids

systens I nstead, and elimnation even of the need for additiona
bondi ng agent in the cases 5 where a prebond resin system nust be used
prior to any abrasive binder resin system The mul ti conponent
fllanents of thIS I nvention can sinmultaneously provide bondi ng and

"make coat" E aﬁ3/ Materials suitable for the abraS|veﬂQ8%%#§§%® .
conponent can bé"granul es of regular or nonregul ar shape, y any
si ze, and selected froma broad variety of classes of natural or

synthetic, abrasi vedditiveirtha tore of 8 filament, the meltsbonding xapakility of the sheath; ar bi de,

al um num oxi de, cubi ¢ bor nitri cer.an . EEEI ns such
as Cubitron[err] aﬁ?wgﬁa ‘F“éﬁqud g@??&"‘%‘ﬁ'ﬁ%ﬁ@@ﬁ?él ns,

as well as aggl orrefehiaﬁﬁmeém ised, eameamghi:hmeomémmmanﬁuamisusdte use
of t he abr asj ve ar gree WI|| agﬁtermn at rrater @‘FS are abl e

for component (b) °E‘WL¢“ $ PUrpQsE A cle.

15 Di fferen gﬁ,ﬁ Qﬂe gg&,ﬂg}mmtﬁtyewgg@art i cul ate
on or to ¥ Le fl‘%a nts or %g g?)‘?mtgl S invention can be used.
Because of the nul tetardant Srecparticular thermoplasticstheresf, and thefapplication to bgmade pE

I nvention, the-highel melti | nt. conpo t owWs
structural integri p\?ﬁgfn%e %@%‘I&g&aﬁ dm sg%ﬂah%t"%?ﬁ#
retain its hot, tahjﬂjo:ﬁtﬁtwmﬁievlimﬂmWAT&hﬁfé?Bisedernhelwtdtmibhtuﬂheﬁre

mel t - bondi ng oven. pri n ... droppi bl owi hervm
coating the abrasi Vé“‘?ﬁﬂ‘%ﬁw&ﬂ‘é 0’%""83""]???%"41&?‘“85@@ '§1§F‘ft3ce of t he
filaments, the gar Wk@mh&mﬂ&a&mﬂa&mﬁwmmssg—vs Dependi ng
on the heat capacity, crystallinity, and nmelting point of conponent (b),

adhesi on of roomtenperature or cool abrasive particul ates can occur.

Enhanced adhesi on can occur when abrasive mneral particulate is
preheated prior to dropping 25- onto.the hot conmponent (b) surface such
that localized cooling is mininized. EXAMRIESsi on to higher melti ng

poi nt thernopl astics i

abrasive mneral. In a ?@%&hﬁ%ﬁﬁyﬁ Q‘Pﬁ'eat%betmw?mﬁg gra3| ve

particul ates nebp abh}&tmﬂadlmtagehhmafhandfshauldambpbmstrbgdaslmztingnhe wopéotte
treat ment. : qt het od of coating fila S or,webs oft
invention is passa@é”%‘f“‘é‘?"t “%‘ﬁemef‘h‘éa"fegﬁ‘é(%‘ﬁtr‘f”%?" ?5"“6’&?7‘?“‘ rebonded
webs thereof into svefdgevaliesesicepesthért olhenissthoted. abrasive m neral

particulate. This process has the particular advantage of nore
forcefully push| ng the hot abrasive mneral into heated conponent (b).

Al ter EXAMPLE | - - 34- o
96/ 37644
PCT/ US96/ 05080 20 Extrusion, quenching, and web collection equipment like that of FIG. 1B

was used to make open, non-woven web of concentric sheath-core bicomponent
. filaments like those whose cross-section is shown in FIG. 7. In this example, an
. amount of 98 parts of Ultramid B3 nylon-6 pellets (previously dried under a
S nitrogen blanket at 100°C) were blended with 2 parts nylon pigment pellet
25 concemrate (supplied by Reed Spectrum Co.). The blend was extruded as a stream
. of viscous core melt through a 38 mm single-screw extruder having a 36/1 LID
) ratio (lengthldtameter) and neck tube into a coextrusion d:e assembly of the
castellatton type, like that nllustrated in FIGS 2A, 2B, at a temperature of 280-
.. 290°C and at a rate of 20.3 kg/hr to form the core of sheath-core bicomponent
-+ 30 ﬁlaments of thls invention. Spec:ﬁcat:ons of the extrusion die assembly are gwen in
L Table 3.
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cooling, the abrasive particulates are adhered onto and into conmponent (b).
A further size coat of suitable resin, such as a

pol yur et hane or resol e phenolic resin, may be used to
further |ock the abrasive particulate to the surface of the

mul ti conponent filament or webs thereof. 5

Filamentary Sié S The mul ti conpo of
the filanents o?ﬁ?ﬁ?§ i nvention may al so be --ﬂ§@§ﬁ9@%§§ﬁ3|y
used to enhance bondi ng when articles or webs in the form of

filamentary structures, for exanple, as JABRER |y taught by U S. Patent
Nos. ' 10 4,631,215 (Wl ygan et al.), 4,634,485, and 4,384,022 _
(Fowl er) are fabricated from bot h strai ght- and undul ati ng or

spiral filanments. Bondi rjoNutber bfroWs 8fdié Orifices 5 undul at1 ng or
spiraling, hot, extrude L | ! | d—caontaci adiacent
straight filaments and tjféificarew spaginghed in a coolli4§4mmnh to retaifn the

shape-.of the : —ored— T aTETtar TRt L P— [
mul t i conponent nat ure of 9??&8??@ nts 1 'jgpg\i#des an_ungxpect ed

advant age by al |l owi ng ccﬁrm_tﬂteﬂtaméab t hereof to pr¢wisI2 nin

structural role in suppc%#gﬁ@-e—ehape—ei—&hhe—m?—ehmmnts I n
ei ther a post- @ LD mati on nel t-bondi{A¢ step or by utillizing

the above-descri bed Hot IQWimiHeRofsmfites . 75T O0Cess W rnout |t he need
for any additional procdss steps In this fashionla tough
durabl e web of fil anent rGastelation diametent nul ti conpd@S7 nim | anents cgn be

pr epar ed. 20 : : Fire
Ret ar dancy Castellation width .\ 5ned her ¢0HBEMPe, fire rdtardant
addi tives may be i ncor pqrCastellation gap _ disp@s5sam ! n the Tiljanents

of this invention. Exany . - | agoni um
pol yphosphat e, et hyl eneg W@@Bﬂﬂiﬁmers al um na H52f MAr at e, 25
gypsum red phosphorus, STarogematr ot SuDsSTarc TS, sour o orarorrater  and
magnesi um hydr oxi de. Such additives can-be blended with the particul ate

t her nopl asti ¢ precur sdElvaf350athylenevingl atetite aosblynier ahd EMAC $F2200 bihyeig-s of

this vention of can be, added to the nmelts,. thereof in the
melt ext ruderssus'é'ﬁJ Oacgﬁaé%%ﬂp@fymerwereglenge% togethier at a weightLatioaf 3/ly

addi tives, where tesgedtively.| THeFésulting bﬂndﬁaeéxﬂawsihﬂlddeb@?aemlﬁhg extrugion 0,
ofthis |nvent|on,°faJ‘e I ncorpqrated only in a conponent (a) which does not

have an ot the aboyp-descebedpolymer eore melt, asarstream of vissopmasheathamelta r
boundary of the fihkgha3 nih Sihgle-Scriw Sxtruder having a 30/1 Llﬁofaﬁogg%{ﬂemonem

sheath-core filanments. By so-inhcorporating t Ire retar
- 35- coextrusion extruder die assembly as described above, at a temperature of 230-
10 240°C and at a rate of 30.7 kg/hr to form the sheath of the bicomponent filaments.

The resulting bundle of hot, tacky, macrodenier, sheath-core bicomponent

filaments continuously extruded from the extrusion die assembly was allowed to fall
freely in quiescent ambient air for a distance of about 300 mm before coiling and
" advancing as a web in a water quench bath (about 25 to 32°C) containing 0.03 wi%
15" dioctyl-sodium sulfosuccinate surfactant, where the filaments cooled and solidified
~ . with the interengaged filaments tack- or spot- bonded together in an open web.
The falling filaments made glancing contact on a quench roll partially immersed in
the quench bath and thereby differentially quenched in the quench bath, as described
in said U.S. Pat. No. 4,351,683, The filaments were advanced through the bath at a
20 take-away speed of 2.1 meters per minute, producing open nonwoven web having a
densified layer portion from contact with the quench roll and an opposing

: o :
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WD 96/ 37644

PCT/ US96/ 05080 additive in the core of the filanent, the

nmel t - bondi ng capability of the sheath, conponent (b), and thus
the durability of the resulting nelt-bonded structure, remain
unconprom sed, even if a high anmobunt of the fire retardant addltlve S

used. woosdes Particular fire retardant additive used, :
pur pose and the anount thereof 5 to be |ncorporat ed WI epend upon

the particular filanent to be nade fire {tga&g‘ 2@

particul ar ther WDMW@@IPMPBBP“@!WE‘H%"W‘WE‘%F‘ #0 die, fehe fpal

the filament. Gened.ﬂheh* FiG a{mmm&ﬂpohezﬁmafneﬁt@fadgmmﬂdmmmm as .
magnesi um grox g be 10 to 40 wt % or nore, aseg on the

total weight of th&tlfaGMOsheathtocoreratlgtbuw@lgm Theavebi of Slaments had a

functionally stat a Rlehedts \Gere! | arrent
fire retardant aseg%@arzﬁ ﬂ%w&%bﬁ%@?gwmépdd& © e
EXAMPLES 5 removed from tlibfacfc-‘bbﬁdb\d/iweg amkthemelbbomdabilityethereofivasb e
illustrative ofthis inyve and . 15 obj n dv ages. thereof,
and shoul d not be ‘@Eﬁﬁ'ﬁ“ %IWFH%“‘H‘B“’F%@”!‘%@%E#’“QS% Bﬂ&e&e@?‘m@?

i nvention. The mw&g&m&uﬁwmswbﬂmmt rRsMarkentd i tinsdried veb ovee al | y
aver age val ues except where ot herw se note EXAMELE 1

20 Ext r usi dnadedeidyrably mglt-bandiatitheir R9!ﬂt# of contant by heatisg therwebiina t hat of
FIG 1B vawapﬁﬁ‘?? 9{5@& fof P fn wggenhevm.%memeﬁw ic

sheat h-cor e blconponen anen ose 0Se Cross-section
is shown in FI @ mevedtﬂmnsthenwmﬂnéallmd to cool to ambiens aonditions f Tiggrepllings  of

Utramd B3 nyl on- el |l et evi o t rogen
bl anket at 10)6[ er r‘]6P§ "\%"V%VS"‘BI &é’hpﬁﬁ'ﬁ""g Ivvg’r‘%"g&?frf%ﬁh%"dﬁwﬁ tmug {I )

25 tconcentrate (smﬁwm,hmﬁm&ranﬁﬁﬁomﬁoﬂ)menﬁamthlaehﬂphmel ealumeded as
a stream cous 0 si,ngl e- sgr.ew
extruder having a 3499 qu 25155 mm gﬂr‘&'ﬁ E'H@rrgieﬁﬁg‘f’gﬂ;e‘r"é’r’?"%ﬁff fbck tube

I nto a coextrusi orFigi g2.assenbly of the castellation type, |ike that
illustrated in FIGS. 2A, 2B, at a tenperature of 280- - . 290[err] C
and at a rate df 20.3 kg/hr to formthe core of sheath-core biconponent

30 filaments of theganpygntion. Specifications of the extrusion die

assenbly are given 1n . Tabl e 3, )
-36- . Using the process described in Example 1 to make concentric sheath-core,

macrodenier bicomponent filaments and web thereof, Escorene 3445 polypropylene
pellets and Vestoplast 750 terpolymeric olefin pellets were blended together at a
20 weight ratio of 1/1 with 12 wt % magnesium hydroxide flame retardant concentrate
(LR 84827, supplied by Ampacet Co.) and 2 wt % olefin pigment concentrate
(supplied by Reed Spectrum Co.). The blend was extruded at 230 to 240°C and at
a rate of 27.5 kg/hr to form the core of sheath-core bicompoﬁent filaments of this
. invention. Elvax 350 ethylene-vinyl acetate copolymer and EMAC SP2220
25 ethylene-methyl acrylate copolymer were blended together at a weight ratio of 3/1,
" respectively. The blend was simultaneously extruded at 230 to 240°C and at a rate
' _ of 27 5 kg/hr to form the sheath of the sheath-core bicomponent filaments of this
mvemlon The final diameter of the quenched macrodemer ﬂlaments was 0.712 to
.- 0 737 mm and filament breakage occurred at 5.8N or 14.6 MPa.
- 30 . Using thermal-bonding conditions ofExample 1, the resulting bpexi,
nonwoven, meit-bonded web compnsmg undrawn, durable, contmuous
D mtennashed, macrodemer sheath-core ﬁlaments with a sheath to core ratio of

S
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WD 96/ 37644

PCT/ US96/ 05080 TABLE 3

Nunber of rows of die orifices 5 Oifice row spacing
4. 064 mm Oifice spacing 6. 350 mMm
Oifice dianeter 0.572 mm Oifice
L/ D 4/ 1 Nunmber of orifices

75 - WOBT6H stellation diameter 2.997 Hri/US96/05080
Castellation width 0.737 mm

Castell ation gap 50/50, had a web weighflo , was 15.6 mm thick and generallyiresembled
channel di aneter 1.524 El vax 350 et hyl ene-vi nyl

acet at e copol yner g'ﬁb"‘kﬂk&%i?%b&%yl ene- 5 methyl acrylate copol yner

were bl ended together a4 sianplebfihé wethivhsfotrd t8bé fire retardant WhédGbjested 16 thel he
resulting blend wag extruded, simnultaneously with the extrusion of t he

above- descri bed po gy et of ASTM B-2859-¢6, whish cerresponds todha-Flammahility
t hrough a 30 mn,shpg&gftﬁgtpyy f-Byés"“g‘Wi”@C;’}"?‘g’("l L/'Dratio into the sane
escri be

coextrusi on extruder die assenbly as above, at a tenperature of
230- 10 240C and at a rate of 30.7 kg/hr to formthe sheath of the

bi conponent fil ane}%%% The resulting bundl e of hot, tacky,

macr odeni er, sheatn- conponent filaments continuously extruded
fromthe extrusion di e Usingsth®prpcesadesafibedieExample bid make concehtriegheathi-core,

qui escent ambient air for a.distan qf .abqut 0 ef o Il and
advanci ng as a mebﬁw{;f"(ﬁ‘é?’éﬁpm&ﬁ'éﬁ?gﬁhﬂgﬂtﬁ %838“%@?{‘5?0??5}'y@%ﬁt ai ni ng
0.03 wt % 15 difocropyieneGraftiecpulymespetiots Watebléndéd witiild wt Y wmaghetilig 1! anents
cool ed and solidif with the inter eng&%ed filaments tack- or spot-

opye
bonded t oget her inﬂv‘im&mmamwmmem 4 from AmpasetConhand 2g¢tici ng
contact on a quencglefinfigméid coicththate ﬂ‘m&ﬁ%gt&&um (F‘lo.). 'i‘ltb?e i and
bat h, " as descri be

thereby differentially quenched in {he uen | in
said U.S. Pat. No.extrudediat@agate of %S5 kg/hetodemithecore ofithe shrativicart bicomponete bat h

teb having a . MRy et ERAR S8 Rnd el b e B IABREL "

rol | and an oppgdsi $R220 ethylene-methyl acrylate copolymer were blended together at a weight ratio
of 3/1, respectively. The resulting biend was simultaneously extruded at a
temperature of 230 to 240°C and at a rate of 27.5 kg/hr to form the sheath of the
sheath-core bicomponent filaments of this invention. The final diameter of the
quenched bicomponent filaments was 0.737 to 0.787 mm.-

20 Using thermal bonding conditions of Example 1, the resulting open, durably

melt-bonded web, comprising undrawn, continuous, intermeshed, macrodenier
filaments with a sheath-to-core weight ratio of 50/50, had a web weight of 2.4
kg/mz, was 16.3 mm thick, and generally resembled the web illustrated inFIG. 22.

| 25 EXAMPLE4
Using the process described in Example 1 to make concentric sheath-core,

' ~ micrqdenier, bicomponent filaments and web thereof, and sheath and core materials
as described in Example 3, a continuoué web was madé of filaments having’
diameters of 0.737-0.787 mm (after a free fall of 310 mm) and that were advanced

30 _ in the quench bath at a take away speed of 2.0 m/min. The water bath temperature
was raised to 80°C, at which point melt-bonding of the filaments at their points of
_ contact occurred over the initial spot- or tack-bonding of the web formed at the

' 39-
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- 37- WD 96/ 37644

PCT/ US96/ 05080 nondensi fied | ayer portion adjacent the
noncont acti ng side of the bundle. The final di anet er oft he quenched
bi conponent filanents ranged fromO0.712 to 0.737 mm with a 60/40

sheath to core ratio by volume. The web of filanments had a wei ght of
1.8 kg/rr[err]g#ggsz’g b was renoved fromthe bath and air-dried. Filanents

wer e rom the tack-bonded web and the melt - boRGAHSPERS(80

t her eof was determ ned according to the Filanent Network Melt-Bond
Strength Test; fil mmhtmmﬁermmmwm&esaﬂ wole’a%ndawa The
fllamentsmthe dried web we made to durably nelt{-bond at their

poi nts of contact tﬁfwﬁemqfﬁgﬂttnsembaﬂmw%'vm“-bon ed we G?'HP’F"H‘R} YWy en at
150 to 160C for 3 %%‘ef&ntﬂbﬁn%%em%ﬁmmmmﬂﬂlaﬁmﬁmm-; Ee

oven and allowed to cool to anbient conditions. The re§ult| n o)
nonwoven web conpr icorenplumedtationf S0(50; had|awebaveight of 2i b kig/mC owas about kS, mm thic!

i nt ermeshed, mac with a sheath-core

vol une %I %%‘M@r@%@]% ‘h’%ﬁﬁ‘ﬁ?gener ally resenbl ed the
V\Ulgb i1l ﬁSt r at ed in dSurpnsmglygbﬁrtlﬂﬂ:Ex cat treatshent of the weEWe’ﬂtoprod#ceagurably

ing the process ri bed in concen sheat h-core,

macr odeni er bi conp(ﬂFi";k" S?dl"éq!?@ﬂ't“ %Mﬁﬁ@bpgg‘{?ﬂﬁ’@éﬂm&&”

pol ypr opyl ene showfin/Table 42nd Vest oplast 750 terpolyneric olefin pellets
were bl ended together at a 20 weight ratio of 1/1 with 12 wt % nmagnesi um
hydr oxi de fl ame retardant concentrate (LR 84827, supplied by Anmpacet
Co.) and 2 wt (Vq_ | ef i n pi gnent concentrat%@%— (supplied by Reed _

Spectrum Co.). e bl end was extruded at 240[err] C and at a
rate of 27.5 kg/hr to formthe core of sheath core b| corrponent fllarrents

ofthis I nvent
EMAC SP2220 25 ethyl ene net hyl YER| A ens! png
at a wei ght ratio off3,1 Condition o wprru(p‘mss/ elwla bl e

extruded at 230 to J4OVdenTe@parrB42€ § rate 183  of 2f.5 k/h|4&o for
sheath of the sheat nb enl _filanents of thip i nventi ¢
The final dianeter hcr odeni 90.4fi | anenfs was %0712 to
0.737 mmand fil ame Wazeeazage-odwr ed at 56BN or 14.pb MPa. 44,80

Usi ng t her mal - bondi g(eenberddedd mirtdtEkanpl e 1, the resuj ting open,

150°C)

In another run, using the process described in Example 1 to make concentric
sheath-core, macrodenier, bicomponent filaments and web thereof, Zytel FE3677
15 nylon 6,6 pellets (previously dried under a nitrogen blanket at 100°C) were
extruded at 280 to 290°C and at a rate of 19.3 kg/hr to form the core of the sheath-
core bicomponeni filaments of this invention. Rilsan BMNO P40 nylon 11 peliets
. 'were extruded at a temperature of 230 to 240°C and at a rate of 23.7 kg/hr to form
the sheath of the sheath-core bicomponent filaments of this invention. Continuous
20 webs having ﬁiam'en: diameters of 0.406 to 0.440 mm after free falling 310 mm and
" aweb weight of 0.98 kg/m? were made. After water quenching and air drying, this
" spot- or tack-bonded web was conveyed into another quench bath containing a high -
temperature silicone fluid (Product #17,563-B of the Aldrich Chem Co., CAS No.
63 148-58-3) heated to 180°C. The web was held for 2 min in the bath to cause
25 durable melt-bondmg of the filaments to take place.

40
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nonwoven, nelt-bonded web conprising undrawn, durable, continuous,
i nt er nreshed, nacrodeni er sheath-core filaments with a sheath to core ratio

of - 38- WD 96/ 37644
PCT/ US96/ 05080 50/ 50, had a web weight of 2.0 kg/nferr], was 15.6
mm t hi ck and generally resenbl ed the web illustrated in FIG 22.

A sanpl e of tﬁ@%ﬁ/\as found to be fire retardant when subjected to the
fl ame retardancy of ASTM D-2859-76, which corresponds tRFH¥E6/05080
Flammability 5 Test ofthe U S. Dept. of Commerce, DOC FF 1-70.

EXAMPLE 3 i ng the process described in Exanple 1 to nake
concentric sheath-core, macr odeni er, bi conponent filanments and web

t hereof , Hinont KS- 075 Velsymade as describedinBxapples h, ends¥ weredpasedingr pel l ets

were bl ended with i RRER 651 : ' AARihe L boan
concentrate (LR BZfé-gtyxﬁnlgoar‘n Arrpggiedtdgaégo.r)l‘ ngﬁd%wv.ﬁg%qﬂhgb 6+€§‘?n p %nrglént
concentrat e (fromwhiledtilbhatcthe web @as lpid ohlacook flatl surfang, dvidovad embessed on its top
extruded at a rate qf 27.5 LhAr to form.the core.of .the sheat.h-core

b component - |5 SufiiqeSfing chekiBont banert i 5 Frberyth e B A AR R
acetate copol yner thaalidwéicompidssiofbtiembossitiglof sélétted Bréas wf the hiotivebiwhileopol yner
wer e bl ended tog ' of 3/1, {lespe,clivel y. The

ether at_.g wejght ratio L
resul ting bl end Wé@“%mﬂi‘f'%éi‘}g‘y“ifs@ﬁ?%&é@“&ﬁ of compress the remaipingareagob; 230
to 240[err]C and Qﬁeﬁe&aﬂﬁéﬁbo&?ng%lﬁ%@apbﬁbdﬂ@iﬂ@_t&ﬁﬁxr&@@@ﬁftﬂe%bHi‘ﬁa

sheat h-core bi conponent filanments of this invention. The final dianmeter of

t he quenchdercg pEgheybhkgfemf.; Thedumtion phembpssingwas:3 Wseqwms. nHpon air0

Usi ng .t her mal n Sﬂllm ' | bl y
mel t - bonded vvellg9 %grrp | Si ngﬂo{tjn ?’é@%{e (o) thﬁﬁ%ﬁ%?ﬁﬁﬁ{‘gﬁﬂgg’h@gtﬁﬁggﬁ’% gér??er

filaments with a ®fusddformed web of dwrabijunelt-banded SlameMs & haviag squares about 2dlyt  of

2.4 kg/ nf err .3 mmthick, .and neral ly res l.ed t web
illustrated in FI é%ﬁ%te%%gomgﬁm%d@ossed nelﬁmv}ﬁg a@ﬁ'ﬁg’fi & d'Scess
described i n Exanembossed websdteillagrated i FIG: 28heat h- core,

15 EXAMPLE 6 . _
Web made in an 80°C temperature quench bath as described in Example 4
was passed between the nip of a rotating embossing roll (replacing roll 44a of FIG.
1B} at 2 m/min and a smooth backup roll (designated 44b of FIG. 1B). The web
still being hot was thereby embossed on its top with a checkboard pattern as in
20 Example 5.

EXAMPLE 7
- An open, durably melt-bonded web comprising undrawn, durable,
.- continuous, intermeshed, macrodenier filaments with a sheath-core ratio of 50/50,
25  having a web weight of 2.1 kg/m’, and thickness of 16.3 mm, made as described in
. Example 3, was placed on a silicone rubber-covered buffer cloth. The layered
combination was put onto thé platen surface of a 6 KW Thermatron™ radio
 frequency (RF) press. A 9.5 mm thick magnesium etched-plate having a design .
_ eompnsed of the raised lettering "3M," about 6.1 mm high and having a surface
" 30 area of about 32 cm , was placed on the top surface of the web-cloth combination,
The press was closed and pressure applied with an air piston having a diameter of
'15.24 cm and pressurized at 0.66 MPa. The RF heating cycle of the press was 10

-41-
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macr odeni er, biconponent filanments and web thereof, and sheath and core
materi al s as described in Exanple 3, a continuous web was nmade of
filanments having di aneters of 0.737-0.787 mm (after a free fall of
310 mm) and that were advanced 30 in the quench bath at a take away speed
of 2.0 mmn. The water bath tenperature was raised to 80C, at which
point nmelt- bo 914 the filanments at their points of cont act
occurred over t e |n|t|al spot- or tack- bond| ng of the web fSFHEEISHE8PHe

- 39- WD 96/ 37644

PCT/ US96/ 05080 sec. atso%wammmummyabl(nnderﬁ?asum}abfm mléﬁrelssm from

the bath, cooled and ai,- d,..The resul ting..gR ntIy
nel t - bonded web confRP % S‘Qfﬂaﬁ"mweb%““‘m teqin gc%lﬁt g‘ﬁﬂkp '

i nt ermeshed, macr ommrmﬁ&%atmweewmémlaamﬂhedmaﬁb@mmmnweb core
volune ratio of 50/50, had a web_ weight of 2.1 kg/n{ferr], was about 15 mm
t hi ck 5 and gemq@“&@%md t he vveb illustrated in FIG 22.
Surprisingly no kurther heat treatnent of the web was needed to produce a

dur ably nel t - bonded web equivalent to the web subject to the oven
bondi ng process, asEXAMPLE8 shown in Tabl e 4. 10

TABLE 4 T

Strength, N cm Using the P”’éssn%ﬁ’%"."g% in Example 1 to make uﬂnc @gaﬁg-cfr&
Length Tensile macrodenier N!nnqmnieﬁhments andi webrthégeof, Ultranud B3 nyld:ﬂs pellets

4.6 Q. QV& n C
90. 4 (grewous -Pndergpmtrogen blan%*tép}‘%wre extn&gfdeor&?g% 13
67.1 10 andat ameddrs:u kglhr to form the cofédfRhe dheitiRbreDiddmportnt

150[err] Q) anot run, using the process described in

Exanple | to rake d'ﬂﬁ‘f[&gﬁ?'ﬁ ents o t is invention. Elvax 350 ethylene-vinyl acetate
copolymer and EMAC SP2220 ethylene-methyl acrylate copolymer were blended

together at a weight ratio of 3/1, respectively; the blend was simultaneously .
" extruded at 230 to 240°C and at a rate of 15.9 kg/hr to form the sheath of the
15  sheath-core bicomponent filaments of this invention. Continuous webs having
filament diameters of 0.712 to 0.747 mm afier free-falling 300 mm and a web
weight of about 0.75 kg/m® were made of the sheath-core filaments. Instead of
forming a Single core within the sheath, a different distribution plate (item 18 of
FIG. 2B) was used having three orifices (each 3.81 mm in diameter) arrangedina -
- 20 triangular pattern with the onﬁces at the apices of an equilateral triangle but yet
located within the flow boundary of the vertical channel (item 27 of FIG. 2B). The
centerline of each orifice was 4.572 mm from the centerline of the vertical channel.
- The core melt was directed to said orifices to allow three core components to be
formed within the sheath component of each macrodenier filament. The cross-
25  section of such a fiber is illustrated in FIG. 10,

| A batch of Himont KS-075 .ethylene-propylene. graﬁ copolymer i:ellets were

. extruded through a 38 mm extruder having a 36/1 L/D ratio and a neck tube into a
" 30 coextrusion die assembly havmg slot-shaped, major and minor extrusion die orifices
. : capable of fom'ung a filamentary structure consisting of bicomponent sheath-core '
... filaments, rectangu!ar in cross secnon._ ‘The structure was otherwise in the form of a

; | .42. .
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sheat h-core, macrodeni er, biconmponent filanments and web thereof, Zytel
FE3677 15 nylon 6,6 pellets (previously dried under a nitrogen bl anket

at 100[err]C) were extruded at 280 to 290[err]C and at a rate of
19.3 kg/hr to formthe core of the sheath- core bi conponent
filaments of this invention. R |san BVMNO P40 nylon 11 pellets wer e

extruded at awbSEBRLAt Ur € of 230 to 240[err]C and at a rate of 23.7 kg/hr
to form the sheath ofthe sheath-core bi conponent il aReHPE6BI08E i 5
i nvention. Continuous 20 webs having filanment dianmeters of 0.406 to
0.440 mm after fr eeenfralirégutanly2haulirad flanient extruded via tieemajor sigts amd sufrotided

kg/nferr] were nmade., After water, quenchi'n air i ng, this, .

spot- or tack- bond@ébﬂ@fgmgp&ﬂ%ﬁm g"ﬂﬁ@?ﬁ?&?“*%ﬁ%ﬁeﬁ- eIt ning a
hi gh . t enper minof stots and fofring & cagedor the aitilated filament] ds BesofibddiUA. Bati Ch
Chem Co., CAs No 63148-58-3) heated to . 1806C, The web was held for

2 minin the bath Ne 4631235 andshown,inKIG. 7 tharsof,ywhich description jgdnqorpossiedht s ¢ o
tggyg?gﬁce- 5 herein by reference. The extrusion was carried out at a temperatufébf230-240°C VO
PCT/ US96/ 05080  and at a rateofik8,2kgfhr. Specifications of the gxtmusionediasaemblesiwilarted i n
Exanples 1, 2, andthftu‘é@d'iﬁﬂgﬁ#lgq a}{]ﬁgenin'l‘abl 5ci rcul ati ng-air oven at

rom

160[err]C for 3 mn, renove e circulating air oven, and,

while still hot, the web was laid on a cool, flat surface, -and was enbossed
onits top 5 surface wth a checkboar ern using an enbossing plate
havi ng a rai sed pattern that allo ressi on or enbossing of

sel ected areas of the hot I L15t width nmavi ny sﬁlWWﬁreance SO
as not to distort or conpresg._l remaining areas off Lhe eb. The
enbossing plate was applied fMajphsottejghsur f ace of tHa.88dmmith a
force of about 1 kg/cnferr].He—tur-atioroef—erbosstue e o—segronds. Upon
air- 10 cooling of the hog Y osul ting enhdS%EMatterh was

per manent and consi st ed Mirft slftiéhor Ned WeD Of {§igBahiny el tf bonded
filaments and havi ng squar espahaut 2 by . 4._cmiseparated byl conpressed
or enbossed channel s havi ng Sleispatingf 1 cm The 7.163ambossed webs are
illustrated in FIG 24.

Number of major slots 6
Number of minor slots 7
Castellation width 10.61 mm

10
Elvax 350 ethylene-vinyl acetate copolymer and EMAC SP2220 ethylene-
methyl acrylate copolymer were blended together at a weight ratio of 3/1,
respectively. The blend was extruded at 230 to 240°C and at a rate of 32.6 kg/hr to
form the sheath of the sheath-core bicomponent filaments of this invention. The as-
15 extruded filamentary structure consisting of melt-extruded, bicomponent, undulated
~ and straight filaments from the extruder die assembly was allowed to fall freely
therefrom for a distance of 108 mm before entering into the water quench bath
. where they were quenched as described in U.S, Patent No. 4,631,215. The finished
-~ web weighed about 3.8 kg/m2. |
20 '

4
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15 EXAMPLE 6 Wb made in an 80[err] C tenperature quench bath
as described in Exanple 4 was passed between the nip of a rotating
enbossing roll (replacing roll 44a of FIG IB) at 2 mMmmn and a

snoot h backup roll (designated 44b of FIG 1B). The web still being
hot was thereby enbossed on its top with a checkboard pattern as in 20

Exanpl e 5. WO %/37 MPLE 7 ] An open, durably nelt-bonded web
conpri si ng undrawn, durabl e, cont i nuous, i nterneshed, PRHESI6HS8P cr
filanments with a sheath-core ratio of 50/50, 25 having a web wei ght of

2.1 kg/nferr], andw of 16.3 mm nade as described in Exampl e
3, was placed on a silicone rubber-covered buffer cloth. The Ia?l/:!ared

conbi nati on was put ontMultilager siderby-side filements haying:a csospopucting likethatdliistrate r adi o

compr s6d of ine rargaL? escelohi Bl oA At Bephdndi 10 0 2¢O

surface 30 area ddsga#edﬂA’&‘ﬂd&B’ffmhngimdes&:pﬁon,tlhﬁvdmanmiﬁéhws,diaﬂshe

S ai r it on- vt ASRB ARV aSSienng af il et eBiBe ke R 1t 0. b6

NZ? The RF hes\;)l g%l?gmgeg? FIG. 1Ae To TorabthePA” fhffers, Surlyn 1702 ionomer resin was
PCT/ US96/ 05080 Sxtruded through 3,38 mpusinglanscrew)gxtmder havieg 3 3641 141 ratio and nesk:

pressure) of 7 secmerma,meaasassm,(atatmggswes.wckh@aﬁaémi b had

the recessed lettering "3M clear strtace of
the web without an¥o fomathe '&”W@F{E‘Wﬁpeﬁm&npwﬂagﬁtatmolymerwasextmded)undl ng

the lettering. 10 thru §h330 ruder WIA%%BOIILD%B%OE&%#%Q%CES

described in Exanpl e to nma e concen rcs
bi conponent fil anﬁiﬁmmmmfoﬂu-ﬂsaﬁmﬂ 83 ratg bHT\ 7 kgfhe! Details of

(previously dried | e wer g ex at
280-290[err] C 1.351 M‘%&?’g’l {9 J“ﬁﬂj"f@?'h?'{‘%’e“’éﬁ%'“of‘%&é
sheat h-core biconponent nacroderler fllanents of this invention.
El vax 350 et hyl ene-vinyl acetate

I’ll er

" TABLESG6
15

Number of rows of die orifices 4

Orifice row spacing _ 5.715 mm
Orifice spacing 3.175 mm
Orifice diameter 0.889 mm
Orifice L/D . 5

Number of orifices _ 120
Vertical channel diameter 1.080 mm
Vertical flow passageway width 0.381 mm
Vertical flow passageway spacing 6.350 mm
Orifice cavity entrance widih {1,080 mm
Orifice cavity entrance length 4.445 mm

Continuous webs comprised of these quenched five-layer filaments were
thus made having filament diameters of 0.432 to 0.508 mm after free falling 300mm
- and a web weight of 1.27 kg/m’. The filaments were differentially quenched in the
120 bath, which contained 0.03 wi% dioctyl sodium sulfosuccinate surfactant, at a take-
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copol ynmer and EMAC SP2220 et hyl ene-nethyl acryl ate copol yner were bl ended
together at a weight ratio of 3/1, respectively; the blend was

si mul t aneousl y extruded at 230 to 240[err]C and at a rate of 15.9
kg/hr to formthe sheath ofthe 15 sheat h-core bi conponent filanents of
this invention. Continuous webs having filament dianmeters of 0.712
to 0.747 mm a e-falling 300 mmand a web wei ght of about 0.75.

kg/merr] were made of the sheath-core filanents. |nstead of PCI/USS6RS0BY i ng
a single core within the sheath, a different distribution plate (item 18 of
FIG 2B) was used m:isngdtdﬁﬂelencjefspéroﬁsutée'ﬁkelre@ltmqminnnm\ambnycoﬂed anged

[ 20 [ | t.h f,
equi T at eral 41t anch e ipedhfbeerse fikiertl ol § SERIERM sirie BBRROR AilIPS, of ¢ e
vertical channel (quenachrall and arFfdpposiziijndensified surface on thembndontadiingidefithe

orifice was 4.572 ﬁmfrgmﬁhe centerline of the vertical channel.
The core melt was 4P %0 said orifices to allow three core conponents

to be- fosmed within the sheath conmponent of each nacrodenier
filament. The cross- 25 section of such a fiber is illustrated in FIG
10. EXAVEXAMPLE 11 A batch of Hinont KS-075

38 ext Fuder havi g & PERRRSs IR ERAdpIY P i pacd to maEtolGRA, oyt ©19" 2
coextrusi on di e aswevehwebhafdoneentricaheatiiagre shacrodprier bisothponeno filamedts with te di e
o bi commonent s e it bl ] el ber G G for OGR! o BRARNRLCY o
TQS structure %s Q?glend\lm polypfdpﬁeﬁdyemtﬁinda\lestoplast 750 terpolymenc olefin pellets

PCT/ US96/ 05080 werd s éﬁ'&‘#‘&l’%‘ﬂﬁﬁ#&ﬂ%ﬁ&ﬂ ok 18 vith 12 magnesivitied vi a

the major sl ots -arngdfoide Aume fdardant concertfate (ERFA8S7 Wp%dmy%dc&)c&)f Four

straight, parallel, spaced, filanents, extruded via m’'nor sl ots
and formng a cageepasste core pracurspehatahes using this prebland mslmmmd b!Ualemglat

No. 4,631,215 and tﬁggmhwgﬁ.e@acier&.&%ﬁ a%e}l)g @ 135

|ncorporat ed herel n reference 'tru I on was carrl ed out at a
t enper at ure of lQSGZQdic}{ltnminide supplied byatinirayal GhemitakbCa), thieSquantity bhthe chemical

EES%T LC it ;?23 g|OI/ btlmﬁf ég;ﬂf’ lnn e%é:heba?c Sbeurrrltg)ld}ﬁ'e% .. aerbléngs were extheg?rE used in
separate batches at 230 to 240°C and at a rate of 27.5 kg/hr to form the core of
sheath-core bicomponent filaments of this invention. For the sheath, Elvax 350
ethylene-vinyl acetate copolymer and EMAC SP2220 ethylene-methyl acrylate

20 copolymer were blended together at a weight ratio of 3/1, respectively. The
resulting blend was simultaneously extruded with each of the separate core
[precursor batches described above at a temperature of 230 to 240°C and at a rate of
28.4 kg/hr to form the sheath of the sheath-core bicomponent filaments of this
o invention. The hot, tacky, melt-extruded, sheath-core filaments were aliowed to fall
25 freely in quiescent air for a distance of about 290 mm before coiling and advancing
in the water quench bath as a web. The filaments were differentially quenched in
' | the bath (which contained 0.03 wt% dloctyl sodium sulfosuccinate surfactant) at a
take-away speed of 2.4 meters per min. The resulting open, nonwoven web of )
coiled, continuous filaments had a densified surface from contact with the quench
30 roll and an opposed non-densified surface from the noncontacting side of the bundle
' of filaments. A cross section of the sheath-core filaments under a microscope
_revealed a cellular structure as depicted in FIG. 11 with the cellular content varying
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TABLE 5 Maj or slot width 2.591 mMm

Maj or sl ot hei ght 7.874 mm M nor sl ot

wi dt h 1. 803 mm M nor sl ot hei ght

8 636 nm Sl ot spaci ng 7.163
Nunber of major slots 6 .

Nunber of m n 7 Cas ' wi dt h-

0.61 nm Vo s El vax 350 et hyl ene-vinyl acetate cop)g ymeroand

EVMAC SP2220 et hyl ene. nmet hyl acryl ate copol yner were bl ended

toget her at a wei ghtith theimowmdt ofblicmxcal blowmgampe’ﬂlemilqstreiub oftherquenshed
extruded at 230 to 2 t1C and. a.rate of 3 h m t he
sheat h of the sheatﬁ%ﬁ“&"bﬁ‘g‘ﬁ'ﬂﬁ é’?ﬂ ?QT%WBW&%%(? %%l%g e Otﬁatoﬁ.ﬁé as-
15 extruded fil ameqipwhiclédntifiiednd chénilcal blowing agént evehthatigh lhedhdknessand

bi component, undul at ed and strai ht fil arreq_bs fromthe ?éltﬁruder die
assenbly was al | owe't'!e’w°f§1elwqbﬁ;@?’9‘ed"’- weysm?@f g fipg) diameter of the .o of 108

mm before entering edl Bicomporaht &hwaﬁﬁi%kness and tediR [datalviithe\@hddnt
quenched as descri b%m‘ U. S%Patent No. 4, 631, 215. The finished web

wei ghed about 3.8 kofichfraical blowinmiagent present are detaxled in Table 7.

Pé?‘/ US96/ 0508 OV\D 96/ 3764the tensile strength of the vanou_s webs were measured using an Instron
tensiometer with a crosshead speed of 50.8 cm/min. Sample size was 5 cm across
by 18 cm. Tensiometer jaw spacing was 5 cm, The webs were not heat bonded.

10  The results of such measurements, set forth in Table 7, surprisingly show that the
use of a blowing agent significantly increased the strength of the tack-bonded web
as compared to web made from bicomponent filaments that did not contain blowing

agent.

15 . : TABLE 7

Web No. | Amount of Web Web | Filament | Cross | Length
foaming agent | Weight |Thickness| Diameter | Tensile, | Tensile,

(wt %) (kg/m®) | (mm) (mm) (N/em) | (N/em)
1 0 2.51 21.3 11 30.1 -} 105
2 0.1 243 19.2 .787 52.9 20.5
3 0.2 2.56 22.0 .787 60.2 27.8
4 0.4 2.57 22.6 1.041 74.1 42.9
EXAMPLE 12

Web made as described in Example 2 but not heat bonded was separated
20 into helical strands, chopped using a guillotine cutter into 25-38 mm staple, sheath-
" core filaments, and the staple was air-dropped onto a tray of Teflon™ plasticto
T .'.pro'duoe a random three-dimensional array of the staple filaments. The array of
. staple filaments was heated in a circulating-air oven at 150°C for 3 min. to durably
Lo _ _melt-bond the staple at pomts of contact and produce a tough, open, nonwoven
- .28 web of the bonded staple ﬂlaments
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Mul til ayer side-by-side filanents having a cross-section |ike that

i1 lustrated in FIG 15, were prepared by nelt-extruding two
di fferent thernoplastics, designated "A" and "B" for clarity in
description, in five alternating |layers, that is, 5 ABABA, using

extrusi on, quenching, and web collection equipnent |ike that

i1 lustrated ivpo A. To formthe "A" layers, Surlyn 1702 jononer, resin
was extruded t hrough a 38 mm singl e- screw extruder ha*ﬁrz&gﬁb%?l L/ D
rati o and neck tube into the die assenbly at a tenperature of

285-290[err]C and a rate of 9.1 kg/hr. To formthe "B" |ayers, Elvax
250 et hyl ene-vinyl acetate copol yner was extruded 10 through a 30 nm
singl e-screw extrudFAMBIELY a 30/1 L/D ratio into the coextrusion

die assenbly at a te”peﬁ%Hfa&e&fdé&_ﬁeSﬁ:ﬁ%ie@aaMsiﬂ&stﬁtddélﬁ?l@fzﬁyal kg/ hr.
Detail s of the coextrusion die assenbly to formthese nultil ayer
filaments are gi vemlaced onters wayeof Teflon™ polymer and heated in a circulating-air oven at

TABLE 6 15 o . . i e i f i 4 4
G rice row spac) ndS0°C for3 min. Immedxal\éwmgeﬁiﬁg%r@@ﬂtﬁéo@n, 80 kit paftiilate
Orifice spacing aluminum oxide mineral was droppedoritd Therhot, tacky, top surface of the web

Jitice o AMBLEr it was essentially covered. Thegoated web was cooled to produce a hgaded, . o
orifices abrasive web of the shédth-core filaments. Similarly, PolyhardBipk I plastid @onel

di anet er 1.080 mm . A . Vertical flow passageway
wi dt h 0. 381 r#fmesh) abrasive blasting media was applied tothg surfaggpfhe dboneWab o€ paci ng
6. 350 mm 10 bicomponent sheath-Chrefilamfens@Vi ty entrance width 1. 080
mm Ol ?I ce cavity entrance |ength 4. 445 mm
Cont i nuous webs conpri sUengthe prasess dgw%eﬁadixamﬁel taupake gancentiigsheatiwcore

(1o e 12V, 09 | AR il OO R bl
differentially quenddedtehdena itregenblankettab 100%0) wereertnided ar304e3 0SC and/atch ratet v |
E%(-Ij-} ldgg Z;J i)f5 8 Z 8 cein %&' ?l 2 Hé/{\rat%tfgrrl% the %E)re%f Eixaelgaﬁe_ath-core bicompovlgntgtﬁérge%?sllé this
15 invention. Rilsan BMNO™ P40 nylon 11 pellets were extruded at a temperature of
218 10 240°C and at a rate of 20.7 kg/hr to form the sheath of the sheath-core
bicomponent filaments of this invention. The filament bundle was allowed to fall
freely for a distance of 250 mm before coiling and advancing into the water quench
bath. The filaments were quenched in a water quench bath at a take-away speed of
20 approximately 5.3 meters per minute producing a non-woven web having a slightly
densified surfaces from contact with the quench rolls and a resulting web weight of
0.98 kg/m? and web thickness of 22-24 mm. The final diameters of the quenched '
filaments were 0.48 - 0.51mm. The web was heated in a circulating-air oven for 3
min. at 215°C. Silicon carbide abrasive mineral (80 grit) was also heated in an
25 aluminum pan at 215°C in the same oven for 3 minutes and sprinkied onto the still
. ~ hot web. The mineral-coated web was allowed to cool upon removal from the
. oven. The mineral was sufficiently adhered to the web to a_l!ow moderate handling
without dislodging the mineral. A polyurethane size-coat comprisiﬁg Adiprene™
. BL~35(67.69 wt % polyurethane prepolymer, mixed with a 35% solution of
30 methylene;di.amine in 2-ethoxyethanol acetate) was prepared for subsequent
' overcoating of the mineral-coated webs. The size-coat mixture was heated slightly
- to assist in mixing and reduce viscosity. The previously prepared mineral-coated
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away speed of 2.1 nmeters per mnute. The resulting open, nonwoven web of

coi l ed five-layered nmacrodenier filanents had a densified surface
fromcontact with the guench roll and an opposi ng undensified
surface on the noncontacting side ofthe filament bundle. 5
EXAMPE 11 The process described in Exanple 1 was used to nake
four open, NnQHs woven webs of concentric sheath-core 62& I er -
bi conmponent fi a‘n’%’% with the same sheat hs 'but wit hﬂ'ﬂ@% S being
different for each web. For these webs, 10 Escorene 3445 pol ypropyl ene

pel lets and Vest opkebs wercafle-éift infd1 0/ diathetet dikksn Tvel of etiese disks (havingeROepriti r st

bl ended together at, a weight ratjo  of with 12 wt % nagnesi . _
hydr oxi de fl ane ré!“&?faléMﬁE‘gmﬂP LEPENSHELAR TR SR EEE ‘Nrg@l’e‘!‘skeo. ).
Four Separ Qe fieh Eurbd RAS6CFor SO hfiifRS. Thé fifishbd\disks Wepdateited@ae t hen

prepared by adding to ree of the batches a chem cal bl owi ng agent,

Kenporem 125 (an heavy-duty, dotary, dissaelncapeble ofppproximatgly 15:000ape withaselfq) Co.),
the quantity of gt %ﬁeﬂﬁgﬁﬁﬁm Asglealdaﬁlhmo?ﬁap?cqﬂﬂﬁﬁc%%g@ﬁgﬁw bei ng

different. The Dle extiu separate es at Oto
240[ err] C and at osnfeafing. Qhe disksSvergtested by atirading & stainless steelstrip. Wheel integrity

sheat h-core bi conponent fil agents this inventio For the, shea El vax
350 et hyl enWFWﬁ“éygﬁﬁ'f y@éﬁﬁ%ﬁﬂ'%ﬁ@“&kﬁ& @ﬂf?%og%?ﬁ‘y’?é es met hyl
acrylate 20 copnsdinléss stedstrip Wisbskved £ Riulte eRpected Ofirgipgrassivé sbrasive3/ 1,

respectively. The resulting blend was simultaneously extruded with
each of the separdt"l?e’eore precursor batches descri bed above at a

tenperature of 1830 to 3{%@; $Hie'shhie Eddting!prodedufts @s Bdscribed abovg,_zﬁodgrﬂfﬁﬁ&fn to form

the sheath of the sheath-cCore bi conponent filaments ofthis
i nvention. The hotcarbidecikrasivews alsoapplieddal thesueace lof the web of bigompansnt sheath-

allowed to fall ' ' lﬂm ' gﬁ\%ﬂ, ' 290 mm
before coiling an?ﬁd@gﬁ%#sn%&pﬁ&u%?ﬁﬁ%ht e (v]va'hfg“roa“ ugﬁtéh atﬁida a web. The
filaments were di fEE36&hnylen 6,§ care emttiested inthe same fashipk cTablet Srsupwhdrizes thent ai ned

0.03 wt % dioctyl sodium.sulfosucci nate.surf t) at a t ake- away
speed of 2.4 mter%@%?ﬂ?{mﬁ%@"}%aﬁﬁbpﬁ'&g@gﬁ? nonwoven web of

coiled, contingdus filanents had a densifled surface fromcontact with the

guench 30 roll and an opposed non-densifj urface fromthe
noncont acti ng side of the bundle ' #ranments. A cross section of
the sheath-core filanents under a m croscope reveal ed a cellular
structure as depicted oLELG 1l uith the colll '
45- Wt., g/154 cm®
Web
) 80 Grit SiC | 180 Grit SiC

Web only 10.47 10.47

Web and mineral coat 4122 19.65

Web and mineral and size coat 50.14. 23.61

EXAMPLE 14
20 . A variety of web or mat composites, Lots D to I, similar to that illustrated in

FIG. 23 (but without the embossed pattern on the backing), were prepared from
different combinations of webs comprised of macrodenief, sheath-core bicbmponent
filaments of this invention and certain sheei backings. The sheet backings consisted
_ * of either blends of Elvax 350 and EMAC SP2220 or blends of Elvax 260 and
25 P;imgcor 3460, as detailed in Table 10. In addition, the sheet backing of Lot I was
" foamed using a chemical blowing agent. ©
[ 3
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WD 96/ 37644

PCT/ US96/ 05080 with the amount of chem cal bl owi ng agent. The
tensile strength of the quenched web contai ni ng chem cal bl ow ng
agent was unexpectedly stronger than that of the web whi ch

cont ai ned no chem cal bl ow ng agent even though the thickness and
wei ght of th %ﬁ{genai ned relatively constant. The final diameter of the .
5 quenched bi'co nt filaments, web thickness, and tensi| ECHTSBRHY, ¢ he

anount of chem cal bl ow ng agent present are detailed in Table 7.
The tensile strength ofEaEF dﬁ%ﬁdﬁg&%ﬁh mgﬁtqphggmg,mh{don
tensionmeter with a cross eac} spee % le size was 5 cm
across by mwﬁémmm@emajtmesmmfngA&S camixyieofiebs were

D o ol e o sombOnehis of diSihobdinTunid 6 kiR AY 5 IR Bhile- st elfidef | 1 TP €

7, surprisingly sho agent sign’’ficantly
i ncreased the st rdmgihgaml.lnhaobm} itirouighch 508imm film die inta 8 filwfafling 28 mm web

ggde From bi COTTPOI%egt i ac%%tg%tsed Fggetg*éj%ﬁég &%Pé[dasltgel %p?ovﬂs\r;\g‘ge mls Wﬂ%?rgﬁgt

of Vb clitiled to 15°C|andThelsheet colléctédat a link §jie@d Bf 1.3 meters/min.
foam ng agent Weight Thickness Dianeter Tensile,, Tensile,

(w % (k/ nferr]) Thefsmed i basfing was about 0.5 gy ifythickneryaa vas prepared
1

0 5
2 0.1 by extmdingdt p empetalyed of about [90PC 3 rixture of orponentd,2s° ) |
3 0. 2 described inXable 10, fron2 @ 89mm single-Ksaw extruder, baying an L/D ratio of
4

EXANPLE 12 %16 3en °°““"é%‘os"#%°d%§'§§°68@%‘8‘??%“3‘%"“ t‘r’r’é@e"'@’%ﬁ'ﬁ% 9heat
bonded was separ atsections, tRxdughnd staticdenics? mikerawidch was!285oenl indiametercangu279 ot i ne

25-38 h o . f i, el h I
s ai - r opped oG MEien gid SORARA e st le g, a iy brsugt Gishm ' 7 ©

random t hr ee- di e fim@iihtodd filmfalliig dbbit 4RinfbefSreicohtadting apolished; cﬁnedf;lxteelfron

staple filaments was heated in a C|rcul atlng air oven at _150[err]C for 3
mn. to durably The610 mmdiametesyell wagchilledsp 42%; and the film collected 3t & line spoed
produce a toughs Qe maSNENEN 25 web ofthe bonded staple filanents.
-46-

—

In making each of the web or mat composites D, E, F, H, I, the first
prepared webs were placed on the top surface of the prepared films, the
combinations as described in Table 10, to form a two-layer combination. This
combination was then passed through a two-zone, circulating-air oven (7.6 m long)

20 having first zone at a temperature of 155°C and a second zone at a temperature of
130°C. Each composite was moved through the oven on a carrier belt (a mesh with
6 mm square openings) at a line speed of 3 m/min. The composites were then
‘removed from the cirwlaﬁng-air oven and cooled to ambient conditions. The
" resulting composites were durably melt-bonded at the web-backing interface and at
25 the contiguous or crossover points of contact of the individual web filaments.
A second sample of composite F was similarly treated but at 165°C for
.about 3.5 min. The resulting composite had a pronounced mesh pattern embossed
*“on the lower surface of the backing, providing slip resistance to the composite.
Lamination of the backing sheet to the web of Lot G was also accomphshed
30 by t‘eedmg the prevxously formed backing sheet onto the quench roll and, while
" melt-extruding the bicomponent filaments by the process described in Example 3,
.. allowing the hot and tacky bicomponent macrodenier filaments to differentially

49. -
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WD 96/ 37644
PCT/ US96/ 05080
i n Exanpl e |

EXAMPLE 13

and as illustrated in FIG 22 was

Web nade as descri bed

of Teflon[err] polyner and heated in a circulating-air oven at

150[err]C for 3 mn.

particul ate woes37644

tacky, top surface o
coated web was cool e

sheath-core fil aneﬂ‘?°§°h§ s? FF

| medi ately after

fthe Web
dto

° SRS

renoval
al um num oxi de m ner al
unt| I

was dropped ont
it was essentia

fromthe oven,

ﬁéﬁ%gé)@?wed The
&thfﬁséﬂt‘ng egcnégg&/rgbl{‘gngl -%ndteﬁ'e

80

pl aced onto a tray

5
grit

40 mesh) abrasive hiaasbtdmgmﬁ:mg\msmgnlduamemneumasurface of the above .

web of

10 biconponent sheath-core filaments.

process described in Exanple 1 to make concentric sheath-core
677 nylon 6,6 pellets

bi component fil anent
(previously

extruded at 304-810[
core of the sheath-c
Ril san BMNg err] P40
218 to 240C and at a
sheat h-core '
bundl e was al | owed t
coiling and advancin

s and web thereof, Z
dri ed under

err]C and at a rate

anit rogen

Usi ng t he

anket at 100[err]C) were

of 11. 4 kg/hr to formthe

were quenched in a
approximately 5.3 ne
slightly de
a resulting web weig
22-24 mm The fi nal
0.51nm The web wa
at 215[err]C Silico
an 25 al um num
sprinkled onto the s
all owed to coo
sufficiently adhered
di sl odgi ng the m ner
BL-35 (67.69 Wt % po
30 nethyl ene diamn
subsequent

m xture was heated s
viscosity. The previ

upony

T r QATTCTI v n
nylon 11 pelletp were éﬂ”?’ﬂﬂéghﬁ“ﬂe‘f@r?geéat ur e
rate of 20.7 kgfhr to formthe Bheath of the
b| Con‘ponent f | | Nnte nf thic i.n J7-Yal 1 Yol | ment
fall L Fsthn&e §50 nmh bdf or e
I nt ter bat h. The fllamerks
fer mﬁ%ﬁeﬂwgat h pvay speed ¢f 20
Sheatler ninute  non-wpven veb haying 4
jfon} .:I. o ) werr—-e=-Hs and
nt 0. 0 73% v@é 1 h?’% 9513' of
Elmsxsmb TNe[Qagneneds | 245 | 2413 {1BAs S| s 0. 48
heated in a citcilatina-ali ovenh forl3 m n.
Rgmpntgencabr asi [ 628 fedd [ 86.0yr| t3:0uds 20 sp Blatled in
LiSAT= USAmCAA~ ' et
pre hot webl The I neral -coated wep was
I Edtbrene 34450m t hE 43 bven. fihe m neral | was
-o—t-heweb to.allow hoderat e handl ng wHt hout
| Vestonlast 74 et hahe43i re- coaj conpfising Adipfefd[drr]
Eepo( yIrer e W U [
N 5i1§1.§§hb(‘)'§vet hhnol cet'%t b) _was
p\Eusatwmtl 10D of t he mi held. - poat ed
E:ﬁi‘?:;;ﬁ%:aar ed n} neral - coat Edlss
Mg(OH); (2 120 | 12.0 12.0 12.0
Pigment conc. 20 20 2.0 20
Backing Sheet
Elvax 350 750 | 75.0 75.0
EMAC SP 2220 250 | 250 | 250
Elvax 260 80.0 80.0 19.8
Primacor 3460 200 | 200 { 79.2 i
Foaming agent(0) 1.0

o

e ' .50- P e
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The Mg(OH), was a mixture of equal parts of Mg(OH), and Elvax 350.
The foaming agent was Safoam™ RIC50.
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PCT/ US96/ 05080 webs were die-cut into 10 cmdianmeter disks. Two of
t hese di sks (having 80-grit mneral) were coated with size and then
spun to renove excess coating. The disks were then cured at

150[err]C for 20 m nutes. The finished disks were attached to a _
heavy-duty, Rpedaddhessdi ! tool, capable of approximtely 18,0 ,ﬁ%?%ﬁuth a
sel f - 5 tight em ng mandrel. A snmall anmount of topical |udbricant was
applied to m nim snearing. The disks were tested by abrading a
stai nl ess steel s%l integrity was very good w thout web
breakup or di sl odgi ng T denjoastrdtethatthe pridoessesiofthisifitehtion do not impast significaats

aheel o 50" sty e Hatnsina PRARR TG (. P A SERA R o v
180 grit silicon articles made@idréficis, thdindfibnted, Wacrodénied shaath-tare filameiits of Bots f ace

of the web of biconponent sheat h- core filanents CQHEI’ sed of
Ri | san BWO er ] H&o andd yereprepasedand analyzed-{or degres of orientation. Blgme yl on

6,6 core and testﬁdmlpgeg usifgthe) E%scni@d%?xﬁnﬁé‘i@?%ép@ﬁ?tﬂefm«enm

conposition of these nposite abrasive articles.

TABLES noted hereafter. Web of the filaments of Lot J was prepared in the same fashion ayy . |
\%%54 cnferr] Example 3 except that the sheath contained 2 parts of pigment ogxgzegn}t? P 180 180

Git SiC parts of sheatWépbecarsoiyand the core was prepared from a blend of 77.5.61%7
\1/\254;nd m ner A% aHimet %&%@naﬁ%wmm%g’(rﬁggfﬁggaﬁ cgpplygrer; 8.5 %/“?PZ"S”E%W_‘EOPSS 20
A variety of web Lreaf]Riw €esiy) frialeRSanhydride-ghiftipdlyethylehd] i1l at% Ragnbsibim
illustrated in .. FIG 23 (but, without the ,enbosse ttern_on the,
backi ng), were pr Byssgxide copcspirate (equal ampupts B%WWWRBY‘?TSFSB@ é’Ya’ﬂN@ﬁ%
conprised of nmacr af@EeQinyl Xafed CopoRiter) il 2 WMISEr pigment concentrate. Web of
filaments of Lot K was prepared in the same fashion as Example 2 except that the
15 sheath contained 2 parts of pigment concentrate per 100 parts of sheath precursor
and the magnesium hydroxide fire retardant of the core component was dispersed in
Elvax 260 instead of polypropylene. The tow of filaments of Lot L was prepared in
the same fashion as Example 1 except that the sheath contained 2 parts of pigment
concentrate per 100 parts of sheath precursor. Instead of allowing the filaments to
20 oscillate or coil and form a web as in the webs of filaments of Lots J and K, the take
away speed used to make filaments of Lot L was increased to equal the extrusion
speed such that straight filaments resulted. The final diameter of the quenched,
sheath-core filaments was 0.712-0.737 mm, ;
The filaments were pulled by hand (without attenuation) from tack-bonded
'25  webs of filaments of Lots J and K and from the tow of filaments of Lot L. The
pulled filaments were examined by flat plate x-ray diffraction analysis for molecular
- orientation using a transmission pinhole camera (2 Statton camera as described
Experiments in Polymer Science, Edward A. Collins, Jan Bares and Fred W.
_ Billmeyer, p. 194, John Wiley and Sons Inc., 1973) with nickel-filtered Cu Kat
30 radiation. The individual filaments were aligned vertically and parallel with respect
" tothe photographic film. The so-analyzed undrawn filaments were then pulled
under ambient conditions to the natural draw ratio, that is, elongated (;tretched) to -

S s
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filaments ofthis invention and certain sheet backings. The sheet backings

consi sted of either blends of Elvax 350 and EMAC SP2220 or bl ends
of El vax 260 and 25 Primacor 3460, as detailed in Table 10. In addition,
t he sheet backing of Lot | was f oaned using a chem cal bl ow ng
agent. - 48- - WD

96/ 37644 '
PCT/ US96/ 05088’096’37“4 Each oft he unfoaned sheet bﬂ%@”’ﬂﬂ’s
about 0.762 mmin thickness and was prepared by extruding, at a

t enper ature of abdche pdi@3there fu@herzlongation wouldfresult in breakamqjmnng:t The so-

I DTt o o atn GRA el (PSR RS R A By mcrbed 07 10

5 before being cahbwcted by a set of poI i shed, chi I I ed steel nip rolls.
The rolls were chi.I I ed C and.,t he sheet .l ected at a
line speed of 1.3 net eFXFR ‘°“° the resuftint “°‘°8“IﬂI‘é°‘f“8 ??é’&“?‘feﬂrﬂre%ﬁ?%g was

about 0.5 mm i nst mm?s ﬁyﬁﬂﬂm daﬁm&ﬁdﬁheﬁiamemsbewm ced
tenperature of abqut, 190C a mt??ﬁre of conponents,, as described in
Tabl e 10, from a & thrnresenes of risgy enarasy Origetation ww-ﬁgwaﬁmhepm%om 10
36/1 containing a tﬁééﬁ%lé‘rtﬁ thkpfh&ﬁn@%néﬁitro Iﬁllj?ﬂn ed fRamsi ve
m Xi ng sect1 ons, rou a sfatic Kenics[err] m xe was 28.5

mmin di aneter ancﬁtsphsconcenmcnnmallndDebygmw(nﬂFmdﬁ& Billmeyep ir. .M_dmﬁ ic

eLETEnL S, 20 L1t S50 8 0501 W iogund S 14 s b

The 610 nm di aid@t mclranhlb'ﬂmsetdbntlh incTibled 1 3ad demohSEratetiat theuddriwn madrodenieed at

a line speed . 6 rs/m.an. -, I n maki ng each of the
web or mat corrposﬂ“g lﬂ‘“ﬁ@ﬁ,ﬁsﬁ}""\"f’"f”ﬁém?r@?fi' prepared webs were
pl aced on the top surface of the prepared filns, the conbi nati ons
as described in Table 10, to forma two-|aver .conbination. This

conbi nati on was then passed through a t 4 circulating-air oven (7.6 m
| ong) 20 having first zone at a tenperature of 155C and a second zone at
a tenperature of 1300 err ] C Fach conposite was noved through fhe
oven on a carrierf belt Fiamesh with 6 Xvraysputters anglgsis ngs) at all i ne
speed of 3 ni nin [Theg,gNMpPoOp! &pyrﬁ 0GR

circulati.ng-air

rawn filament ©
IIU
| t 'Ioi &%ﬂal: EE vveb- é‘”ﬁ'I%’g‘f“IeHI erjace

resul ti ng conposi

and at 25 th oitact
i ndi vi dual web fifl anent s. unifo °"y°""gs arcs (well oriented)
{unoriented)
L straight uniform Debye rings arcs (highly oriented)
(unoriented) '

15
EXAMPLE 16
Durable, individual, unonented, multicomponent, macroﬁlaments were
_ repared using the process generally outlined in Example 1 except that the speed of
the take-away rolls (FIG. 1B) was adjusted to allow each filament to coil slightly
20  without intermingling o contactiﬁg adjacent filaments and forming a web as they
" were quenched and withdrawn from the quench bath. The resulting individual
- filaments resembled those illustrated in figure 4 and show a helical twist to the
' filament, | -
. - -In another run using the process generally outlined in Example 1 and the
25 Ws of Example 13, straight, individual, undrawn macrofilaments were
. prepared The speed of the take-away roll (FIG. 1B) was increased to equal the

. 2
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A second sanple of conposite F was simlarly treated but at 165C for
about 3.5 mn. The resulting conposite had a pronounced nesh pattern
enbossed on the | ower surface of the backing, providing slip
resi stance to the conposite. Lam nation of the backing sheet -
to the web of Lot G was al so acconpli shed 30 by feeding the previously
formed backi (g ¢ga9&ds onto the quench roll and, while 7 rudi ng.
t he bi conponent fi I anents by the process described in Exanprg@g;mwo

al l owi ng the hot and tacky bi conponent macrodenier filaments to
differentially extrusion speed to allow the filaments to be withdrawn straight but yet-u#8rawn and

WD 96/ 37644

PCT/ US96/ 05080  fully quenched from the quench bathe sheet . surprisingly the resul ting

web was durably nelt-bonded to the backing, resulting in a tough,
dur abl e backed mat, TABLE 10 5
Amount s of Ingredm&’%

Lot - 5 Four different fil in thic Essfromosl%ossmn?were H

I I ngr ed?uén% gren s, rangn@s Iﬂ 350.

73.5 73.5  73. preparedbyblendiig 89 to 20 91% Elvax 260 ethylem-ahtale gopolymer 24.5
5 S 24 Sl wen g el S . e 2,0

43 Vest blehdatt220%from a 32 méssingle-stage extruder having an L/D of 30/1, through 43

o mont KS-075 & film die having &' pym.orifigé jngo a film fallidg 3 mm before beﬁ‘ésc%n?t%‘tg@)é}o P
100 MJ( @isBt(of polishéd2 thilled, nip ibalso The iofﬂs Qlere chilled to 22°C aad ﬁle films

12.0 Pi gnment  _conc. 0

2.0 Bac mewmat a line speed of 1.9 meterslnunute Film samples were allowed to

equilibrate at ambient conditions for 168 hours, after which films were evaluated for
flex-fatigue resistance according to ASTM D2176-63T, modified to provide a
constant 1.14 MPa load. Table 12 illustrates the synergistic improvement of the

15 films made from the blends in flex-fatigue resistance over the films made from the
unblended polymers. For comparison, a film of Elvax 260 copolymer and a film of
Primacor 3460 copolymer were similarly prepared and evaluated.

TABLE 12
___Film Compasition, Amt. of polymer, wt % Fiex Fatigue Resistance, |
Film Elvax 260 copolymer Primacor 3460 Cycles to Break,
copolymer Before Heat Aging

A 0 100 68,000

B 20 80 250,000*
C 40 60 . 250,000*
D 60 80 250,000*
E 80 20 250,000*
F 100 ) 0 150,000

20 * Test stopped at 250,000 cycles. No failure was noted.

" Similarly, blends of 50 to 80 wt% Elvax 350 ethylene vinyl-acetate copolymer and
50 to 20 wt% Primacor 3460 ethylene-acrylic acid copolymer were extruded into
. films according to the process descnbed above and evaluated according to ASTM
25 D2176-63T, modified to provide a constant 1.14 MPa load. Table 13 illustrates the
" . effect of heat aging at about 149°C for 3 minutes.

—53- :
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El vax 350 75.0 75.0 75.0 EMAC SP 2220 25.0
25.0 25.0 El vax 260 80.0

80.0 19.8 - Pri macor 3460 20.0

20.0 79.2 Foam ng agent (b)

1.0 (a) The My(OH)[err] was a m xture of equal parts of
MI(OH)[err] akbdgh 350. (b) The foam ng agent waspSpfdsatdest Co0-
_50- Woea 624 oid

PCT/ US96/ 05080 EXAMPLE 15 To denonstrate that the
processes of this invention do not inpart significant orientation to
the filanments produced thereby (i.e., thepABLRl®ssentially undrawn) or _
articles made therefrom the unoriented, macrodenier sheath-core filanents
of Lots 5J, K, and L were prepared and anal yzed for degree of
orientation. The fi n s ococl i bed
i n Exanple 1 except} for heagF:?“F" °'§ ’ not eﬁ@%ﬁﬂe@b of §t he
filaments of Lot Jjwas prep i °fﬁ° wgrsgg,% faphi on as lf]"Exl‘:l%arrpl e
except that the shqath ' 3 ' et 5
parts of sheath prdckim r Elvax 350, machr 348 ohar o Betr®m a blégﬂf’tﬂ 5
w% 10 Hinont K$a z ;

W

oS STy e

J

Fusabond MB- 110D H | iy ow de?fsity. hal 200,00 18,400
anhydri de- graft-polfyel hyil ene§0 12 jwt % esi un 307,608y dr ¢xj dE55860 rate
(equal anmounts of nmagnesi um hydroxi de and El vax 260 et hyl ene- vi nyl

acetate copolyner), and. .2 w col of pignent. concentrate. b of '
filanments of Lot3 K was M@J“PW f%@déaﬁvﬁg@hﬁhﬁhﬁﬁ@ %ﬁ‘ﬂbgec*?’@(&pt
that the 15 sheg{dy wélild 6¢ pieficutark 2546 aloniton i) 6°(BY Mthe Mbcafiét of 100
parts of sheath precursor and the magnesi um hydroxide fire retardant

of the core conponawiticompongntfilementspfithis invention becausg of thein desirable fox-fatigue

pol ypropyl ene. The dfun@f filaments of Lot L was prepared in t he
sane fashion as Exanple 1 except that the sheath contained 2 parts of

pi gnent concentrate per 100 part's of sheath precursor. Instead of

all owi ng the fiioanmg

Four different films, ranging in thickness from 0.2 to 0.66 mm, were
prepared by melt blending 50 g batches of blends of Elvax 350 ethylene-vinyl
acetate copolymer and 80 to 20 wt% EMAC SP2220 ethylene-methylacrylate
copolymer, using a Brabender mixer fitted with a sigma blade, at 130°C and 40

15 RPM for 5 minutes. Each molten polymer blend was removed from the Brabender
and pressed between metal plates coated with Teflon™ plastic to form film, using a
hydraulic press at 130°C and 6.89 MPa pressure. The plate-film assemblies were
removed from the press and quenched in 16°C water, the film was removed and

~ allowed fo stand in ambient air for about | week. The films were evaluated for flex-
' 20 fatigue resistance according to ASTM D2176-63T, modified to provide a constant
stress of 2.46 MPa. For coniparison, films of the unblended polymer components
were similarly prepared and evaluated. Table 14 sets forth actual flex-fatigue
resistance measurements and illustrates the synergistic improvement in flex fatigue
resistance of the films of the blends over polymer components per se both before .
25 and after heat aging at about 149°C'for 3 minutes. Heat aging of compositions K,
" . M, and Nincreased flex life, :

e e -
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20 oscillate or coil and forma web as in the webs of filanents of Lots J

and K, the take away speed used to nake filanents of Lot L was

i ncreased to equal the extrusion speed such that straight filaments
resulted. The final dianeter of the quenched, sheat h-core filaments
was 0.712-0.737 mm The filanments were pulled by hand

(W thout attewodésmda) fromtack-bonded 25 webs offil anment J and.
K and fromthe tow of filaments of Lot L. The pul l ed fTTanents were
exam ned by flat plate x-ray diffraction is for nol ecul ar
orientation using a transm ssion pinhole (a Statton canera as
descri bed Experinents in Polynmer Science, Edward A Collins, Jan
Bares and Fred W e o 1S L =S N e VI T2V~ '

with pickel-filtqred Cujka  ¥iim Cempesitionn. The

aligned verticallly and garaldmt. men w961
fil m The so-anal yzdiilmindr Elvax 850 J neEMACEP222¢ hgn BeforedTeat AfterHbat
anbi ent conditiofs _to thecopelymenl| dr aupdlyiéro, tihat Aging el orjgat Agding

(stretched) to J 0 100 24,000 -513000 |
WO 96/ 37644 K 20 80 31,000

PCT/ US96/ 05080 L e T4gT 11T [WITET € £qiT L eT | €1 ORggdn0TT v ‘! in
breakage of the frtgpem—TtESUs o T g ST

re- exam ned by t th - eretl L e“?s‘m

Exam nati on of t

ICl_) u‘r18b| a\,;Tui‘. a._. ybl‘lLo Y 0 I
%eu-l'%ani ho4 cga-phﬁ;—;—nagérg =Skl A ond 5
sl angl00 i ods ot i 0000f s helfi ] d8000 0y v o 8000, iy was

regardi ng clysta

evi denced by t he presence of rings or arcs. Oientation was
evi denced by the m&‘%f arcs, the smaller the arc length, the
greater the orien . tally unoriented materi al di spl ay

concentric rings, cal|Eve @iffenent filins gmgiag in thitkness fiim Bi2k5 te?4 mim, Were, préparetibook

f . Pol i 2 P 114 Jahn W d S inc. .
2071). The resu + B BpFareggng 310 S wof Eycoens 34 Bteasc Rl RO emenin 10
denonstrate that Thet% VisplastT50etiRid-propylene-buten8bbpolyner,eBdtting & thé hi S

i nvention are unoriente . . TABLE
11 procgss p: ple 18, except the blends were mixed at 2105€ inghe Babendern,
anal ysi s mixer. The films were evaluated for flex-fatigue resistance according to ASTM

10 D2176-63T, modified to provide a constant stress of 2.46 MPa. Table 15 sets forth
actual flex-fatigue measurements and illustrates the outstanding synergistic
improvement in flex-fatigue resistance of the films (after heat aging at about 149°C
for 3 min.) of the blends over the films of the unblended polymer components per

se.
15
. TABLE 15
Film Compeosition, Amt. of polymer,
wt %
Film | Escorene 3445 polymer | Vestoplast 750 | Flex-Fatigue Resistance,
polymer Cycles to Break,
After Heat Agin
P 0 100 ¥
Q 30 70 16,000
. R 40 60 1,000,000*
S 60 40 1,000,000*
Tee* 70 30 1,000,000*
U 90 10 158,000
\4 100 0 196,000
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LOT Geonetry Undrawn fil anment Drawn fil ament

J coi l ed uni f orm Debye rings arcs (well oriented)
(unori ent ed) K coil ed uni f orm Debye ri ngs
arcs (well oriented) (unori ent ed)

L
strai ght uni form Debye rings arcs (highly oriented)

(unoriented) wo696/37644 EXAMPLE 16 Dur abl e, i?g,h_ j | .
unori ented, nulticonponent, macrofilanments were prepa }Ht?g#‘%&“t he

process generally i j X hat speed of t he
take-away rolls (F?éi' EE; i&%@“?@@é@ﬁ% gﬁ?%l\‘/’v&e%éﬁg{;?'l anent to coil

slightly 20 w thdtBrokeiewmediately, ng or contacting adjacent filaments and

bat h. Tho 1 esul i ng ) e Ople TeslRes R e o ¥aprail e W B LF o oo

in figure 4 and shdwas660J000al tw st to the filament. I n
anot her run using the process generally outlined in Exanple 1 and the 25
mat erial s of EX |l e 13, straight, individual, undrawn macrofilanments were

prepared. The speed of Wﬁoﬁsiﬁ&a@dﬁ@&nﬁﬁﬁiﬁ&%ﬁof@ig%ﬁoﬂQﬁlrb‘éacﬁ'ﬁ%pglgﬁgual

t he 7644
PCT/ US96/ 05080 to those skilled in the arhwithnu depagting|fiopvihe beopé andespirt pEthiso be

wi t hdrawn strai ght jhudksoset undrawn and filly quenched fromthe
quench bat h. ' XAMLE 17 5 Four different filns, ranging
in thickness from0.3 to 0.38 mm were. prepared by blending 80 to
20 Wt % El vax 260 et hyl ene vinyl -acetate copol yner with 20 to 80 W%
Pri macor 3460 ethyl ene-acrylic acid copol yner, extruding the bl end

at 220C froma 32 nm si ngl e-stage extruder having an L/ D of 30/1, through

R
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afilmdie having a 0.5 mmorifice into a filmfalling 3 nm before being

contacted by 10 a set of polished, chilled, nip rolls. The rolls were
chilled to 22C and the filns were collected at a line speed of 1.9
meters/mnute. Filmsanples were allowed to equi librate at anbient
conditions for 168 hours, after which filns were eval uated for
flex-fatigue wesdkance accor di ng to ASTM D2176- 63T, nodifi W | de a
constant 1.14 MPa load. Table 12 illustrates the synergisti nt of

t he 15 filnms made fromthe blends in flex-fatigue resistance over the
films made from t hWHATIS CLABMEPA8ed pol yners. For conparison, a film of

El vax 260 copol yner and a fil m of Pri macor 3460 copol yner were
simlarly prepared and eval uat ed.
TABLE 12 1. UndrawitoughGinblysnelt-bondableithermpplpsticymasrodenier, % FI ex

Fatigue Resi st ancemulncomponent':ﬁlilﬂant conptidiig AR YolfRARE ¢oMionents; 7' | macor 3460

Cycl es to Break, copol yner
Bef ore Heat Agi ng (a) Airst plastic comprising §inthetic plastic polymer; and 100
2200880* C (b) seco%g gbstic comprising lower melting, sygsn%)lg@c thermoplastic
250, 000* D polymef} O 80

250, 000* E. 80 ) 20

250, 000* said components (a) angd{p) being, along the length of the filament, elongated,
150,000 20 * Tegdntighotia i coéxtehaNe MAéhgthy sdi®Sompinertb) défifiny Rfor a0 least-
Simlarly, blends of 5 to 8Q W % El vaxgﬂ‘go et hy‘lmgne%\,/jl nyl -acet at e
copol ymer and he materialygirdopndaryof s2id Glamentet hy| ene- acrylic acid
copol ymer were ext ruded into fil ms ‘according to the process

descri bed above and eval uated according to ASTM 25 D2176-63T, nodified
to provide a constént 1Maulticomponens fiamemtdstarding to tiimst, whersin sakdeomponents (ef f ect

?fS Bfleat agi ng at a%?gt}%%ﬁ gzlltﬁlrgrtileCie;g% oﬁhﬂilgtﬁ&rﬁ integral and inseparable.
PCT/ US96/ 05080
3. Multicomponent filament according to claim 1 in the form of sheath-core
bicomponent filament, the core being said component (a) and the sheath being said

component (b).

4. Multicomponent filament according to claim 3, wherein said component (a)
is in the form of a plurality of cores of the same composition or different
compositions.

- 5. Multicomponent filament according to claim 3, wherein said core and said
sheath are concentric. '

6. Multicomponent filament according to claim 3, wherein said core is cellular.

7. Multicomponent filament according to claim 1 in the form of side-by-side
filament.

| 8. Multicomponent filament according to claim 7, wherein said components (a)
and (b) are side-by-side alternate layers. '

s ||II|II| l||||| |II|| ||I|I |l III|
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TABLE 13 Fi | m Conposition, Fl ex Fati gue

Resi st ance, Ant. of polynmer, wt % Cycl es
to Break Film Elvax 350 Pri macor 3460 Bef ore

After Heat H 80 20 200, 000
18, 400 I 50 50 307, 600

155, 800 5w096/37644 The data of Tables 12 and 13 show t ha ds of
Films B, C, D, E, H, and | would be particularly usef EF&%"%’L’&G
conponents (a) or (b) in the fabrication of mul ti conponent filaments
of this invention because of their desirable flex-fatigue

resi st ance. 10 9EXANMulticbfhponent filament according @l tlaith I, fwhiefer said domponear®yi ng
in thickness fromO0,2 to,Q. 66 .mm ared b It bl endi ng 50
g batches of bl ends D@2 'E?lmpﬁﬁ(?f&weﬁ?ﬁ %9"9‘9W§fat°9°°mp°“ﬁf§é£te copol yner

and 80 to 20 wm % EMAC SP2220 et hyl ene-net hyl acryl ate copol yner,
usi ng a Brabender mxer fitted with a sigma blade, at 130[err]C and 40
15 RPM for 5 ni nute EaMultiepmpenentflanent scconding to oleim 1 bavingadinearsensith o

Br abender efthiafs 900 Gnl %E& pl ates coated with Teflon[err]
plastlctoformfll usmga ik ydraulic press at 130C and 6.89 MPa
pressure. The plate-filmassenbli es wer e renoved fromthe press and

quenched in 16[err] ¢ wat d d | .owed
stand in anbient ai ?l for ouJé‘sTI W@@ﬁ%d\%@} aé"\fgladlgfa&?e% é@gx
20 fatigue resi stantnazwﬂﬂ@cdelﬁengerlﬁhnﬁﬁmvl D2176- 63T, nodified to provide a

const ant stress of 2.46 MPa. For conparison, filnms of the unbl ended
pol ymer conponents were simlarly prepared and eval uated. Table 14

sets forth actual fl2x- fMultigomponent filamenEscesrting &S clERAEWhiSK R Ebitind o,
illustrates the synergistic inprovenent in flex fatigue resi stance
ofthe filnms of the blends over polyner conponents per se both before 25

and after heat agings.at Mbmmﬁld}ﬂ ﬂiﬁﬁen@ac%rﬂﬂ&f‘ogclmﬁlelaﬁavﬁlﬂ'aﬁﬂhﬁf shape.

conpositions K, and ncr eased flex life.
-54-
14.  Multicomponent filament according to claim 1 further combrising fire

retardant dispersed in components (a) and/or (b).

15.  Multicomponent filament according to claim 1, wherein said components (@)
and (b) have the properties set forth in Table 1 herein.

16.  Multicomponent filament according to claim 1 wherein said component (a)
comprises polypropylene blended with ethylene-propylene-butene copolymer and
said component (b) comprises ethylene-vinyl acetate copolymer blended with
ethylene-methyl acrylate copolymer.

17.  Multicomponent filament according to claim 1 wherein said component (a)
comprises nylon 6 and said component (b) comprises ethylene-vinyl acetate
. copolymer.

_ 18.  Multicomponent filament accordmg to claim 1 wherein said component (a)
. comprises nylon 6 and said component (b) comprises ethylene-vinyl acetate
- copolymer blended with ethylene-methyl acrylate copolymer.
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WD 96/ 37644

PCT/ US96/ 05080 TABLE 14

Fi | m Conposition, Fl ex Fati gue Resi stance,

Ant. of polynmer, w % Cycles to Break Film El vax
350 EMAC SP2220 Bef ore Heat After Heat ' _
copol yner w0 96B9a9! ymer Agi ng Agi ng 5080

0 . 100 24, 000 13, 000 rcrmswlg

20 80 31, 000 97, 000 L

40 60 106, 000 70, 000 M

60 4fp.  Multicomponent4ifantéfaccording to clainBEwhé€in said componeriti(a) _
?80 Zg)mprises nylon 6 or 6,6 a}gosgg gomponent ®) co?rga'ﬁgc%%lastomer selectggﬂ]m E 19
5 Five difde chhdistig bERIONW, polyestar elksdaner, dndpalyethebblock 74 nm
wer e prepared y.nelt-blending 30 to 90 w % Escorene 3445 isotactic
pol ypr opyl ene wi t hpolysmidg elastomer7o \\r o5 Viest opl ast 750

et hyl ene- propyl ene- but ene copol yner, according to the process of

Exanpl e 18, except the blends were m xed at 210[err]C .in the Brabender
mxer. The filns wde dindrapn sepshofurghlymeli-bondahle, thesmpplastic sheath-eeredi ng t o

ASTM 10 D2176- 63T, idmngh%éﬁfsﬁ{a%ég&ear SRSIH &'300 ¥ 268600 &&eﬁpéﬁ%ﬁ at es

Tabl e 15 sets fort actual T1 fatigue neasurenents an
t he outstanding sysndregimptising the followingwompenestst i n fl ex-fati gue resistance of

bl ands over the fi1ms g 1 nd SHEN S ARMRE BT o nont s por O

TABLE 15 () RisheatiCoompising a blend éfethylenb-vinyl scemte copolymer and
w % Film . Escorene 3445]‘10(“ yoe Ves}o | ast 750 Fl ex-Fati gue
Resi st ance, ethylene-methyl acrylate copolymer

pol ymer
Cycl es to Break, .

After Heat Aging 00

21. Undravlj)n, tough, durably.melt-bo(r):dable, thermoplastic, sheath-oc}re
bicomponent filaments having a linear density of 500 to 20,000 denier per filament,
and comprising the following components:

(@  a central core comprising a blend of polypropylene and ethylene-
propylene-butene copolymer; and '

(b)  asheath comprising ethylene-vinyl acetate copolymer blended with
ethylene-methy] acrylate copolymer. |
22.  Undrawn, tough, durably melt-bondable, thermoplastic, sheath-core
bicomponent filaments having a linear density of 500 to 20,000 denier per filament,
and comprising the following components: '

(a) a core comprising nylon 6; and

M) .a sheath comprising polyester elastomer, polyether block polyamide
. elastomer. or nylon 11.

| .23.' ) A ﬂMW structure comprisi:ig at leu;t one central, regularly undulating
or spiral éheath-core filament surrounded and bonded to a plurality of straight,

_' parallel sheath-core filaments, said central and straight filaments being according to

55. R O )
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Q 30 70 16, 000 R

40 60 1, 000, 000* S

60 40 1, 000, 000* T***

70 30 U 90 10
158, 000 \Y 100 0

196, 000 wo 963964496/ 37644 * Tests stopped at 1, 0QrRR6k0ste! €S-
No failure was not ed. ** Broke inmediately, *** The
flex-fatigue resistance cycles to break before heat aging ofthe filmof Lot
T was 660, 000. 5 Various alterations and nodifications of

this invention w | 24becMaingRPmpAsiig an open, norivovel 0sk ofidpliatityl of filaménts off t

wi thout departing ];{mgnmltwq\ﬁ:hscoﬁrabynlgelmnaelfat%fom%s ofmtersectlonorcomacqnve tion.

25.  Matting according to claim 24 wherein said filaments are sheath-core
filaments, the core being said component (2) and the sheath being said component

().

26.  Matting according to claim 24 wherein a surface of the matting has a slip
resistant pattern,

27.  Matting according to claim 24 further comprising a Jaminated backing,

28.  Matting comprising an open, nonwoven web of a plurality of undrawn,
tough, durably melt-bonded, thermoplastic, sheath-core bicomponent ﬁlaments
having a linear density of 500 to 20,000 denier per filament, and comprising the
following components:
(a) acentral core comprising nylon; and
(b)  asheath comprising a blend of ethylene-vinyl acetate copolymer and
ethylene-methyl acrylate copolymer. .

29.  Matting comprising an open, nonwoven web of a plurality of undrawn,
tough, durably melt-bonde&, thermoplastic, sheath-core bicomponent filaments
having a linear density of 500 10 20,000 denier per filament, and comprising the
following components: , ’

' (a)  acentral core comprising a blend of polypropylene and ethylene-
pyqpylene—ﬁutene copoiymer; and

~ - - (b)  asheath comprising ethylene-vinyl acetate copolymer blended with
ethylene-methyl acrylate copolymer

30, Mitting comprisidg an open, nonwoven web of a plurality of undrawn,
tough, durably melt-bonded, thermoplastic, sheath-core bicomponent filaments

T



- 56- VWHAT IS CLAIMED | S: 1. Undrawn, tough, durably
nel t - bondabl e, thernopl astic, nacrodenier, nulticonponent fil anent

conprising the foll ow ng conponents: (a) first plastic conprising
synt hetic plastic polyner; and (b) second plastic conprising |ower
melting, synthetic thernoplastic pol yner; said conponents

(a) and (b) ewobehmyd Ng a flex-fatigue resistence greater ”@i‘éﬁ@%ﬁ*&l es
a

to break and being, along the |ength of the filanent, elong
et e, TR P S 8 g ek o Eoreiad |
following components: .
(a) acore comprising nylon 6; and
(b)  asheath comprising polyester elastomer, polyether block polyamide
elastomer, or nylon 11.

31.  Anabrasive article comprising an open, nonwoven web of the filaments of
claim 1 surfaces of which are bonded to abrasive particulate.

32.  Method of making multicomponent filament of claim 1, which method

~ comprises the continuous steps of simuitaneousty melt-extruding a molten stream of
first thermoplastic, synthetic, organic polymer and a molten stream of second
thermoplastic, synthetic, organic polymer of lower melting point to form a hot,
tacky, molten, melt-bondable, thermoplastic, macrodenier, multicomponent filament
comprising said components (a) and (b) which are derived, respectively, from said
first and second thermoplastics, permitting said hot filament to cool and solidify,
and recovering the resulting sohdlﬁed filament without any substantial tension being
placed thereon.

33.  Method of making muiticomponent filaments each f:eing an undrawn, tough

durably melt-bondable, thermoplastic, macrodenier, multicomponent filament each

comprising the following components:

. (a) first plastic wmpﬁﬁng synthetic plastic polymer; and
(®  second plastic comprising lower melting, synthetic thermoplastic
polymer; '

said components (a) and ®) beixig, along the length of the filament,
contiguous, and coextensive in length, said component (b) defining at least
in part the material-air boundary of said filament;

wl'uch method comprises the continuous steps of szmultaneously melt-extruding a

plurallty of molten streams of thennoplasuc, synthetic, organic polymers as

'precursors of said components (a) and (b) from an extrusion die to form a bundle of

| hot, tacky closely spaced, dlscrete, continuous, macrodenier, multicomponent
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2. Mul ti conponent fil ament accor di ng to claim1, wherein said conmponents
(a) and (b) are, along the length of the filament, integral and

i nsepar abl e. 3. Mul ti conponent fil ament accor di ng to claim1 in the
form of sheat h-core biconponent filanment, the core being said conponent (a)
and the sheath being said conponent (b). 4. Mul ti conponent fil ament

accordi ng to whaksheds Wherein said conmponent (a) is in the pefAissthosaso
plurality of cores of the same conposition or different conp05|t|ons 5.

Mul ti conponent fil nt. a ord to claim 3. whe e and said
sheath are concent%en“e%"?' lhﬁg e"m“"?'r"r'{&ﬁ@ri‘f‘aﬁ’é-@&f'ﬂff'w sflg claim
3, wherein said coﬁhmeﬁtsaei:ddlhmtsohdnfﬂand nwuﬂrgltmmhrgrsbﬁdiﬂeﬂammsaccordl ng
toclaim1 in the form.of S|deb-SLd filane Mul ti conponent
filanment accor di ng“?‘le*aY?H"'%K ﬁ%‘@hﬁﬁ%nts (a) and (b) are

si de-by-side alternate | ayers. -57-

9. Mul ti conponent fil anment acc i n oclaim1l, wherein IS compound
(b) w 34.  The method of c{alm 33gw}1erem ssid step of coo mgeiscarrsl ﬁy P

quenching said bundle of hot filaments in a body of liquid.

35.  The method of claim 34 wherein a web of said quenched filaments is formed -
in said body of liquid. '

36. The method of claim 35 wherein said web comprises said filaments in

helical, interengaged form, .

37.  The method of claim 35 wherein said web comprises a filamentary structure
_ as defined in claim 23.

38. The method of claim 35 further comprising heating saikl web to melt-bond
the filaments thereof at points of contact.

39.  The method of claim 35 wherein said web is Mthdﬁm from said body of
liquid and heated to melt-bond said filaments at their points of contact.

40.  The method of claim 35 wherein the ﬁlaments of said web are melt-bonded
in said body of liquid.

41.. The method of claim 35 further comprising embossing a pattern or
' .. impression on said web.

| 42 The method of claim 35 wherein said web s heated to melt component (b)
. of smd ﬁlament thereoﬂ abrasive pamculate is coated on the heated web, and the

BT
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having a nelting point of at |east 15[ err]C bel ow that of conponent (a)

9 . Mul ticonmponent filanment according to claim1 having a |inear density
greater than 200 denier per filanent. 10. Mul ti conponent fil ament
according to claim1 having a |linear density of 500 to 20,000 denier
per filanent. 11. Mul ti conponent filanment according to claim1l which is
continuous. wolbésress VUl ti conponent fil ament according to clg ggfja?%ng a
hel i cal shape. 13. Multiconponent filament according to claim urt her
conprising fire r et ar dant er in c nd/ or

14, Mul ti conponefi¥: flm é’gElég'H?iﬂﬂ‘E"B‘“EI 'ﬁ?ﬁm%ﬁﬂ?&% al g‘?‘r%quﬂent S
(a) and (b) hgxg the properties set forth in Table 1 hereln _

Mul ti conponent filament according to claim1 wherein said conponent (a)
conpr,i ses pol ypropyl ene bl ended with ethyl ene-propyl ene-butene copol yner

and sai d conpgaent THeethod S Elaine43 %&xﬁwetwasﬁmﬁbﬁhgmqmﬁm
bl ended with et hyl ene- net hyl acrépat e _copol yner. 16.
Mul ti-conponent fi | 8aibWeb ssdtis famerinisaid liguidher ei n sai d conponent (a).

conprises nylon 6 and said conponent (b) conprises ethylene-vinyl acetate
copol yner. 17. Mul ti conponent filament according to claim 1l wherein

sai d conponent (a)45. Theongthodof claimy4Hwheeinsald theimbplastinhacking agdsaidwelpr i ses
et hyl ene-vi nyl ace g r..hl ith ethyl ene-nethyl acrylate
g oo b nfeit-bonded TR RHeY ﬁesaxc_:lti:oﬁf'gﬁﬂuw. ene-

46.  The method of claim 43 wherein said thermoplastic backing is formed by

extrusion thereof simultaneously with the formation of said web.

47.  The method of claim 43 wherein the laminate of said web and said backing
is embossed.

48.  The method according to claim 33 wherein said filaments are in the form of
sheath-core bicomponent filaments, the core being said component (a) and the
sheath being said component (b).

49.  The method of claim 33 wherein said filaments are in the form of side-by-
side bicomponent filaments.

50.  The method according to claim 33 wherein each of said filaments have a
linear density of 500 to 20,000 denier per filament, said thermoplastic precursor of
component (a) being nylon, and said thermoplastic precursor of component (b)
being a blend of ethylene-vinyl acetate and ethylene-methyl acrylate copolymer.

« 77+ - 51 Athermoplastic composition comprising a blend of 85 to 15 wi%
poly(ethylene-vinyl acetate) and 15 to 85 wt% poly(ethylene-acrylic acid).

52. A thermoplastic composition comprising 20 to 70 wi% poly(ethylene-
propylene-butene-l) and 80 to 30 wt% isotactic polypropylene
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18. Mul ti conponent filanent'accordihg to claim1 wherein said conponent

(a) conprises nylon 6 or 6,6 and said conponent (b) conprises el astoner
sel ected from the group consisting of nylon 11, polyester el astoner,
and pol yet her bl ock pol yam de el ast oner. 19. Undr awn, tough,
durably nelt-bondabl e, thernoplastic, sheath-core bi component fil anents
having a | i napdoghzesi ty of 500 to 20, 000 denier per filanen and
conprising the foll ow ng conponents: 175 (a) a'cen%FyPs%@p@m
conpri sing nylon; and (b) a §ﬁeath conprising a blend of

et hyl ene-vi nyl acet-ate copol yner and et hyl ene- net hyl

acryl ate copolyner said conponents (a) and (b) each having a flex-fatigue
resi stance ‘greates than 200 I t reaks. 20b

Undr awn, tough, durably g gﬁ%f)ze?herrmp - TRLA

bi component fil anents hgv ; Ho S+ @O deni er per

filament, and conpr
core .conpri sing nylon 6;
pol yester el astoner, polyethe
11. .

Jckcy | SRt ] - —=H—30
< | o




20 A filanmentary structure conprising at | east one central, regularly
undul ati ng or spiral sheath-core filanent surrounded and bonded to a
plurality of straight, paral |l el sheath-core filanents, said centra
and straight filanments being according to claim1l.

- 59- 21. Matting conprising an open, nonwoven web of a
plurality of vwobdswest s of claim1 which are durabl - bonded at _
poi nts of intersection or contact. 22. Matting a dﬁﬂﬁm@b
claim 21 wherein said filaments are sheapps core filaments, the
core being said conmponent (a) and the sheath being said conponent

(b). 23. Matting according to claim?24 wherein a surface of the
matting has a slip resi stant pattern. 24. Matting
according to clam 21 further conprising a | am nated backi ng. 25.
Matting conprising an open, nonwoven web of a plurality of undrawn,

tough, durably nelt-bonded, thernoplas sheat h- core bi conponent
filanents havig a Ilnear : 80 to-20,000 denier per
filament, and conprising oW ng conponents:

(a) a central core conpri a sheath
conprising a blend of et
et hyl ene nethyl acrylate aim 19
42
. '1[1; 4 ‘ s
s ) . - ) l“ . F lg. 4 .



26. Matting conprising an open, nonwoven web of a plurality of undrawn,
~ tough, durably nelt-bonded, thernoplastic, sheath-core biconponent
filaments as defined in claim1l5 and having a linear density of 500 to

20, 000 denier per filament, and conprising the (a) a
central core conprising a blend of polypropyl ene and et hyl ene-

pr opyl ene- butwoegssrese! yner; and (b) a sheatgaaRbh¢sesd NY

et hyl ene-vi nyl acetate copol yner bIendgg5wﬁth

et hyl ene met hyl acyl ate copol yner. 27. Mat t'i ng conprising an open
nonwoven web of a pluralj dur abl y

nel t - bonded, thernopl asti\Cy a r | | nts as

defined in claim18 and ' | r ity of 500 to

20, 000 deni er per fil ang | t oW ng conponents:
(a) a core conprising ) eat1ls conpri sing
pol yester el astoner ., pol r, or nylon 11.
28. + An abrasive aaﬁQ: nprising an n %f the filanents
of claim1l surfaces | b r AS particul ate. 29.
Met hod of making multic ' n c)ay m t hod

conpri ses the conti nuous e ' - ruding a nolten

st ream of firsﬁ4h? ASTRCY i i | ymer and a nolten
stream of second - NGNS LA r | ol ynmer of | ower
melting point to for , \ -

t hernopl astic, macr [ ' conprising said
conponents (a) and (D) EN el rom sai d :
first and second th SY \ {1 | L panment to cool and

solidify, and sgl yad /e | apgpnt wi t hout any
subst ant i al tension{ﬁé' —-—¥§a

. NN
26— 2ac::. NN~
24d “ 22C . “
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30. Met hod of making mul ti conponent filanments each being an undrawn,
t ough durably nelt-bondabl e, thernoplastic, nmacrodenier,
mul ti conponent filament each conprising the foll ow ng conponents:
(a) first plastic conprising synthetic plastic polyner, and
(b) second plastic conprising |lower nelting, synthetic thernoplastic

pol yner, said conponents (a) and (b) each havigyg
flex- fatlguéw?gg?g ance than 200 cycl eg/s o break and belng, %%M?
| ength of the filanent, contlguous - and coexten3|ve in Iength
sai d conponent (b) deRns material-air
boundary of said fil t; \C Ae ti nuous steps
of sinultaneously nekt r oqi n/Atr eans of
t her nopl astic, synt hgN C\ [ I r sOorZqof said
conpbnents (a) and ( U O n of hot ,
tacky, closely spaceth N\Jdisgcrat oM r i onent
-61-, filan | ' s (a) and
(b), permtting 2m<e-f__ filanents to c and sol i di fye ering the
resulting solidified § ' ' nsi on bei ng
pl aced t hereon. 31. h t ol cff Ai r& s tep of
cooling is carried o e ' [ d off tAl aments in a
body of 1iquid. 32 oM O | |ad r a, f i&hd
qguenched fil anendb - 0 i 0 tf A0 4ui
met hod of cl aim 32 "\ a C ' sgAdA i fa s AIn
hel i cal, interengage r . oo | reig said web
conprises a fil apgpt | ped clAai K

i3
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35. The nethod of claim 32 further conprising heating said web to

nel t - bond the filanments thereof at points of contact. 36. The
met hod of claim 32 wherein said web is withdrawn from said body of
liquid and heated to nelt-bond said filaments at their points of contact.

40. The nethod of claim32 wherein the filaments of said web are

nel t - bonded woogrzréuesai d body of |iquid. 38.  The net hodﬁmgéf%%%
further conprising enbossing a pattern or | mpressi on on sara web.

39. The method of claim 32 wherein sgigd web is heated to nelt conponent
(b) of said filqegent t eof , abrasive partyqul ate is coated on the
heat ed web, and the k éd web is cool ed t07§:j)rm €& oat ed abrasive
web. o 40. The
methqd of claim 32 warmedAadyher nopl asti ¢ backi ggd to said
web. 41. The 'o},of: '\*‘3"’(" m 40 wherei n sailg c backing is

| am nated to sai d e\,.-4\\? Is formed in sai GDoed jd. 42.

The nethod of claim40 whelfiM said thernopl astigpac §#and sai d web
are nelt-bonded together i74said body of |iquid.

Fig. 18




43. The nethod of clai m40 wherein said thernopl astic backingtis; for bied

by extrusion thereof sinultaneously with the formation of yggi dovgb.
47. The mat'ho‘d of claim40 wherein the lamnate of said web and sai d
backi ng * ‘is enbossed. 45. The nethod according to clai m 3ggmherein
said filaments are.-in the form of sheat h- cor e bi conponent gasaent s,
the core being IOt 0 np one niwokeD) INEnHcTUACPROPERTYSIRGANIZATING | NQ Sai se@dnponent
(b). 46. ~The 'method of claim 30 wWHSPBIH €87 filaments are in the form

of  si de- byINTERNATIONALAFPEIGATHAN, FUBLISHER FNDER THE PATENT IQOPERATION TREATY (POT)

to clai

to 20, 0PO, pof¥ £04, 806, d/12, DOBA /5458328 | AL

(513 fhtevdathbs® PatencCiadifcatfon Sa1 d i | RTENHS) aMQiom) Publicatich Reiver: dENS | WO 06/33651
ecur sor

nopl astic pr of _
conponept &2, Beddg1/00/| on, and sai d 1herrﬁ@d¥“&‘§fW$‘|"W§m’ B NevEmbRT 798 (R8-11.96)

(b)
acryl-at
bl ed of
pol y(et
conpris
W% iso
-63-

berng a bl end of ethylene-vi n%E cet at e and et hyl ene- net hy

| a I
i p umber: ] qsﬂ] 1') 4 Vs 9 " » » G.
i l? R R

ene-acrylic acid). A\ t hernopl astic conposition

hy :
&% %O.I tbg?]O wt % pol y( et hyl ene- pdiisRiay! ene butene-1) and 80 to 30
[ aCl 1 ggrade@
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(57) Abstract

Undrawn, tough, durably melt-bondable, macrodenier, thermoplastic, multicom-
ponent filaments, such as sheath-core and side-by-side filaments, comprising a first
plastic component and a second lower-melting component defining all or at least part
of the material-air boundary of the filaments. The filaments can be made by melt-
extruding thermoplastics to form hot filaments, cooling and solidifying the hot fila-
ments, and recovering the solidified filaments without any substantial tension placed
tlxeon. Agg;egaﬂons of the filaments can be made in the form of floor matting and
abrasive articles.




