MELT- SPUN MULTI FI LAMENT POLYCLEFI N YARN FORMATI ON
PROCESSES AND YARNS FORMED THEREFROM Background of the
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pol yol efins can offer many desirable characteristics.
For exanpl e, they can possess good tactile qualities
such as hand feel, they can be resistant to
degradation and erosion, and the raw materials can be
easy to obtain as well as fairly inexpensive. As such,
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with a draw ratio greater than about 6, and in one embodiment, greater than about 10.

[003] The polyolefin can be any polyolefin suitable for forming yarn. For
example, the polyolefin can be a copolymer. In one embodiment, the polyolefin can
be a polypropyléne. Optionally, the yarn can be formed of a mixture of two or more
polyolefins. In one embodiment, the polyolefin can have a melt flow index between
about 0.2 and about 50.

[004] In one embodiment, the polypropylene can contain a nucleating agent.
For example, the nucleating agent can be a dibenzylidene sorbitol nucleating agent as
is generally known in the art. Generally, the nucleating agent can be present in the
melt in an amount less than about 1% by weight of the extruded composition, though

this is not a requirement of the invention.
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any standard nulti-orifice extruder. For exanple, the

extruder can define multiple orifices, and each
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8?2;@@:9] qugﬁgtbgg%ib@fdﬂﬁgﬁ/tg e invention js c%ge?p‘%gél ltg 3S/arn that can be
formed according to the disclosed processes. For instance, the yarn can include
multiple filaments that can each describe a denier of less than about 300, in one
embodiment each filament can have a denier of between about 0.5 and about 100.
The yarn can have a high modulus, for instance greater than 40 g/d. In another
embodiment, the yarn can have a modulus greater than 100 g/d, or greater than 150
g/d in some embodiments. The yarn can also have a high tenacity, for example
greater than about 5 g/d in some embodiments, and greater than about 7 g/d in other
embodiments. The disclosed yarns can also be fairly resistant to stretching, for
example, the yarn can exhibit an elongation of less than about 10%.

[0010] The disclosed yarn is also believed to possess a crystalline structure



g/d in some enbodi nents. The yarn can al so have a high
tenacity, for exanple greater than about 5 g/d in sone
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enbodi nents. The di scl osed yarns can also be fairly
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remainder of the specification, including reference to the accompanying Figures in
which:
[0014] Figure 1 illustrates one embodiment of a process according to the
present invention;
[0015] Figure 2 illustrates the die swell of a single filament formed according to
one embodiment of the present invention;
[0016] Figure 3 is the WAXS scattering pattern of a polypropylene filament
pulled from a muliifilament yarn formed according to one embodiment of the presently
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[0021] The methods of the disclosed invention are generally directed to a melt-
spinning yarn formation process. More particularly, the process utilized in forming the
disclosed yarns can include forming a molten composition including a polyolefin,
extruding multiple (i.e., at least three) individual filaments of the composition at a
relatively low spinning rate, quenching the filaments in a liquid, fbrming ayarn
structure of the multiple individual filaments, and mechanically drawing the yarn
structure while the structure is heated.

[0022] In one particular embodiment, the polyolefin utilized in forming the
disclosed yarns can be a polypropylene. This is not a requirement of the present
invention, however, and though the ensuing discussion is generally directed toward



to previously known multifilanent polyolefin yarns.
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one embodiment, the polymeric composition can include polypropylene.

[0026] Generally, any polypropylene suitable for forming drawn yarn can be
utilized in the disclosed process. For instance, polypropylene suitable for the present
invention can generally be of any standard melt flow. For example, in one
embodiment, standard extrusion grade polypropylene resin possessing ranges of melt
flow indices (MFI) between about 0.2 and about 50 can be utilized in forming the
disclosed multifilament yarns. In one embodiment, polypropylene possessing an MFI

between about 0.5 and about 25 can be utilized. In one embodiment, the



filaments that have been individually fornmed such as,
for exanple, via extrusion through a spinneret, prior
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polypropylene and a nucleating agent can be prov:ded to the extruder 12 either

separately or together in liquid, powder, or pellet form. For instance, in one
embodiment, both the polypropylene and the nucleating agent can be provided to the
extruder 12 in pellet form at inlet 13. [n another embodiment, the nucleating agent
can be provided to the extruder apparatus 12 in a liquid form. For example,
nucleating agents in a liquid form such as those disclosed in U.S. Patent 6,102,999 to

Cobb, lll, et al., which is incorporated herein by reference, can be utilized in the

process.
[0029] When included, the nucleating agent can generally be present in the
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apparatus as is generally known in the art. For example, the extruder apparatus 12

can include a mixing manifold 11 in which a composition including one or more
polyolefins and any other desired additives can be mixed and heated to form a
molten composition. The formation of the molten mixture can generally be carried out
at a temperature so as to ensure melting of essentially all of the polypropylene. For
example, in one embodiment, the mixture can be mixed and melted in a manifold 11
heated to a temperature of between about 175°C and about 325°C.

[0032] Optionally, to help ensure the fluid state of the molten mixture, in one

embodiment, the molten mixture can be filtered prior to extrusion. For example, the
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formmultiple filamenpts 9. For .instance, th in t. .
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| Lad A Iy t can define between 4 and
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pur J0685] Adcdrding tditse lposseang jnvienéion ethespaymen saobedixéruded through

and, spi nneret are ul§|'e?1 Rerei n
the spinneret at a relatively high throughput. For example, the polymer can be
extruded through the spinneret at a throughput of not less than about 50% of that
required to give melt fracture. In other words, the throughput can be at least 50% of
the throughput at which the molten exudate can become excessively distorted. The
specific melt fracture throughput can generally vary depending upon one or more of
the exudate material, the total number of apertures in the spinneret, the spinneret
aperture size, as well as the exudate temperature. For example, when considering

the extrusion of molten polypropylene through a spinneret of 8 round apertures of
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dhyarheﬂd: alasnerﬁsweblhqasi maeth h thespreseotly disnlosgd pueeess encourages the
formation of folded chain crystals in a highly disordered state in the polymer, which in
turn enables a high draw ratio to be utilized in the process and thereby enables the
formation of a multifilament yarn having high tenacity and modulus.

[0038] As is generally known in the art, polymers that are crystallized from a
melt under dynamic temperature and stress conditions crystallize with the rate of -
crystallization dependent upon both the number of nucleation sites as well as on the
growth rate of the polymer. Moreover, both of these factors are in turn related to the

conditions that the polymer is subject to as it is quenched. In addition, polymers that



generally known to those of skill in the art, and thus
a detail ed discussion of this phenonenon is not
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crystals in a highly disordered state in the poly
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ati on dependent upon both the nunber of
abr%%?éj’p 'ﬁsmes as well as on the growh rate of the
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related to the condltlonsth r.is suE)
liquis! inswhichithe pobodrca Ingahulgdi Mr%a”ﬁg? ;ﬁﬁér‘@u'd Gatrbé Water,

I
etb@%hé \gﬁoﬁ‘ dp 5@ %Eggw‘akﬁe hgﬁl ul@ Lgsﬁl%?ﬁglvlﬁgﬂrggﬁﬁ%dart In one
erhbgdimentt leICbrdeaw ﬁuaﬂheoenmagbltlee fmnaimmfrfo@bﬁwham crystals in the
fllgmleﬁpst g dthgobe%h 16 can be heated. For example, the bath can be heated to a
temperature near the maximum crystallization temperature (T;) of the polymer. For
example, the bath can be heated to a temperature of between about 50°C and about
130°C.
[0041] Generally, in order to encourage formation of filaments with substantially

constant cross-sectional dimensions along the filament length, excessive agitation of
the bath 16 can be avoided during the process.

[0042] In one embodiment, quenching of the polymer can begin as soon as

10



Thus, in order to obtain a nultifilanment yarn with
hi gh tenacity and nodulus, i.e., fornmed with a high

waole@w 05259 o, crystallization of the pol yner whPCEUB2008039540
hi ghly disordered state is suggested. Accordingly, the
present invention discloses a nultifilanment yarn
formati on process in which crystallization of the
passibjeréeliowing exit fieny thel spinaeebdn srdgrdoiencprtgsn eysigjlization of the

pq“? g,u Wﬁgé Hgg]te?@gﬁg @g? n&%@ We?’es%%t&iﬁﬁnéﬁg?&ﬂdlﬂhng extrusion.

Fés@ingdle] inasrieddmbwdingsiitl the édmcpaifymmm 1acea|wlbu@ﬂexd ata
hi gh throughput and | ow spinline tension

mmlmugh@star@gefrqm the §§[ng|erqtz1gt iy Ia%tﬁng$,sla tt?% embodlment illustrated

in ?@lﬁ‘g{%gﬁgngﬁag ﬂtenb%ﬁbl%déﬁﬂé ?t E\Wd%él?@% ﬂ%ﬂ# {He‘)%]ﬁ’rf\eret 14 such
thbhen trirogsd ﬁk@in)’em?crg tan sntenttse bathal 8 wqblncthlaaild;tanae of the die swell

ronote the formation of folded t al
3o Bpsiameabe; Senal ine HelvidgH UREnILS £88 rRgEsiigon a heated

eﬁﬂ@r‘f 'h& tedqé%up‘iﬁfélr%eg%ﬁg'tﬁé $atth 963 % ag?gér:’ oﬁ ﬁgﬁed shroud

I'vl dual ament an be extru
mbp behdilides il hose embodiswenis wherathevahstpnlce\b&t\peam treorifice and the

e 25 peb e Sl bl RSO R G bovee
thrgns RSN &hd %ebﬁat%edan%e %S%@W%Prﬁcﬂ@slntahﬂﬂhé\t@rﬁbo@lﬁ‘lent this

ers per mnute n). In one enbodi nent, the
distakee wpnris lles&ﬂwamfh n’m@ set at a speed of bet ween about

oD Rr PR o R ol o o R Bl §RE LY maivicual

ﬂléh@HtsdQ iaAd\Mhle? BuhBR mtw@?h te bé‘tﬁOﬂBJb[DWell Fiee @m@nhatenal in the
l'iquid can be water hyl ene coI or any ot her

b@mea@mvarmde@ewng gpg@m@ﬂmulayr RABRRIS wctud@damthe pRlymeric

B AEERRHL TR Y WS Ro A SO 357 s gy ormed

fisdt®upaidod Gasde dehvged @Iﬂouﬁﬁlbaﬂxamimm an&llhmﬁ@ largnenough so as
be heated to a tenperature near the maxi num

tO@W%DDW@éﬁtB&h‘eﬁé =3 a@ro(ﬁtc@ll@tlpno@fﬂﬂﬁ@oaﬁn%%matm‘ For

RARELf o ErtBkBpetn HRERRET T oTn BN RutigPafh 16 can be

batweehdtiout 6 seronds aped a‘tmutrmmmntmf f ilaments with

21 ol DMLY of agiine larasn viaxeabei Ba: aYY A4 LRA the beth 16,

excess liquid can be removed from the fiber bundle 28. This step can generally be
accomplished according to any process known in the art. For example, in the
embodiment illustrated in Figure 1, the fiber bundle 28 can pass through a series of
nip rolls 23, 24, 25, 26 to remove excess liquid from the fiber bundle. Other methods
can be alternatively utilized, however. For example, in other embodiments, excess
liquid can be removed from the fiber bundle 28 through utilization of a vacuum, a
press process utilizing a squeegee, one or more air knives, and the like.

[0045] In one embodiment, a lubricant can be applied to the fiber bundle 28.
For example, a spin finish can be applied at a spin finish applicator chest 22, as is

generally known in the art. In general, a lubricant can be applied to the fiber bundle
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the bath 16 can be avoided during the process. [0042]
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where the fiber bundle 28 exits the bath 16, .excess
embedimentdathss thamsidng A5RERAY hecieab SR, 458 SR colls 32, 34
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Sknown Int
capni Heawattoid fensderatuzd of befvern abdyt 807€ dndaboliuhtl°€. In another
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rolls, hotplate, or any other suitable source of heat can be heated to a temperature of
between about 120°C and about 150°C.

[0047] According to the disclosed process, the multifilament fiber bundle can
be drawn in a first (or only) draw at a high draw ratio, higher than those attainable in
previously known polyolefin melt-spun multifilament yarn formation processes. For
example, the fiber bundle 28 can be drawn with a draw ratio (defined as the ratio of
the speed of the second or final draw roll 34 to the first draw roll 32) of greater than
about 6. For instance, in one embodiment, the draw ratio of the first (or only) draw

can be between about 6 and about 25. In another embodiment, the draw ratio can be
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W@ Quwesspss9 one or nore air knives, and the |i keCT/pS®45939540
In one enbodi nent, a lubricant can be applied to the
fi ber bundle 28. For exanple, a spin finish can be
applied at a spin finish applicator chest 22,

as
greaiee tar gzbwtow f¢rrinﬁiﬁi@0§r greater thanabaut 12 Agkitiopally, the yam can

e ihrare SIELS YA Ag: 3% a5 1F Spp PRI Fotnth e sB P Famle, in one
erhth&ifidp€ rheaeh @baat Wa@d dbveit fihempb widtheyam @n be wrapped on the

wat er content of |ess than about 75% by wei ght. Any
draww@aﬁal e lubricant can be applied to the fiber bundle

2oV BEIEATR % [ Bt oS et s & bEffef B2y il for
puRyGsdsadi drafvirgniréharhsit sholldddwohdersnd that:anyéeldlltable rprocess that
of a finishing or |ubricant coat t he

e var ialoming e Glesching st
ca@m‘r@ceﬁﬁ@mer@ht@ WNRe2s INRIRPERE, I EFH{RI0 en@U%?C Ing step
d
ol ] B0 500 5F B Rl A SRR ki i rols
goalet tdiks, 3’wam cbns aadldlsteam oraothengai;emma;eta)can betigreliy be utilized to
can, i Ln)})rove slip between individual filanments of the
d"?‘é{ 8U0AMg a subsequent drawi ng process and can

' ncrgg A&ﬁ)r Gd‘nb%ﬁ‘ﬁ@leﬁwtfydﬁﬂ’ehﬁ'ﬂugcrat@aqln th\iﬁ’e'm%l%@ﬁﬁg the yarn

the 'us and~tenacity of drawn nul t1fil anment
dryaimy $tepnm maltifiladneny yieon BRead ke tosled amdo&@srsd op @oase-up roll 40.

In@){ﬁ% eg‘?{gsen%@g ﬁ)&{%v%g efl@qkjﬁcp]naﬂgor}g%%sfn%ﬁﬂngn 30 may be carried
odtUlP-"b'r %%Qanflé’rm Xarphisadifieat ftheenulbflatent gaim ban deawbjected to a

whi | e applying heat. For exan‘pl e, I n the enbodi nent
seicbhdsirawt éa generdl grisecand drpwing istap eamap sapiedaut & higher

c5RALER Y T e SR o e

dreWRROsEp rHan Bé‘ﬁeﬂteGbeaDﬂeh’ﬂoéiQturS%e@ﬂeerbabewtt 1G*C and about 50°C
interior or exterior to the oven

highginaniihe Reating elermentatha b baNneie. TnagonnaSecond draw

calt 'eﬁéef{'a@ggg[)éé%@weﬁgréé@ﬁggﬁ% tr?f\‘?tﬂﬁé:ﬁkstw%}/gﬁz\?\)ﬁ’eﬁghip‘ﬁe a second
drbfv dxgabedarrfeer ogatnpdaw tatie afless thaihl S bmné)enibedtmelnt a second

to a tenperature of between out 8Q0C about
ramCERD bF ROEIRSE Pt o FURO! IEHuard, ErACH@ogfpultile draws,

th%é?{%g@vggouo?&v@gt aﬁ[%ohgctaeﬁélé}i&)%r thb "r‘ﬁﬂ?? H@é%@wfe‘ tius a yarn first

drawpost nersw rettkbeofcﬁlemd tdeawubsbdqaenth/cxﬂrpw\mta a dravargtio of 2 will have

ot her suitable s? { th can be heated to a
beashgpeliaeter do gftota draw ratio o

[0050] Optionally, the drawn multifilament yarn can be heat set. For example,

the multifilament yarn can be relaxed or subjected to a very low draw ratio (e.g., a
draw ratio of between about 0.7 and about 1.3) and subjected to a temperature of
between about 130°C and about 150°C for a short period of time, generally less than
3 minutes. In some embodiment, a heat setting step can be less than one minute, for
example, about 0.5 seconds. This temperature can generally be higher than the

drawing temperature(s). This optional heat set step can serve to “lock” in the

13



bet ween about 120Q0C and about 1500C. [0047] According
to the disclosed process, the nultifilanment fiber
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treéttmwntg? ahbdehyacan exhitstrgrabtly Inepronde chacanteridiins, sush as adhesion,
sul t abl e

aS@m@ﬁrgngg ces ﬁé&?é{ﬁ&?&lg | acﬁ@)grﬁi&%@ﬁ@ﬁ%nﬁﬁl%%@aﬁe? Sis.
can @@52’.‘;%@&%@6%&1‘1 lél@ﬁmuﬁ@ﬂarﬁéﬁﬂ%rﬁ ,308¢8h be wound on a spool

an| apparatus in ding nip rolls, godet rolls
orsal@upcraelsdfo aAs shawresand toanspohied tg@@@mdj lecatiqrier formatlon of a

opt i, onal I b ti w . th
Seﬁ@ﬁ%%n F?{@ Bte Iﬁ@%ﬂlgedapfl}éq] ppl[gg?erp ﬁg\ge{/%p é%l [utiffament yarn
ceh®d f@ﬂ' 0% B@@odﬁﬁﬁ%c@é@%’g MeleSivRBre tHaeydtH|dahflid funtbiet processed to
yarn 30 can be cool ed and wound on & take- up rol |l 40.

fotmn aosdwundermpmdm@htwch I@@\/@W@Ven safia foreManplecessi ng

! oSB55Et R TRl IR TR o (2 BBk S oneay

ha’%'esééﬁﬁw'\ gizavwf HeltWQ@tﬁl@b@Ut 0.8 c@ﬂm‘r}iérdhmen’gam ebomaTOO denier per
be carried out at a higher tenperature tha the

flanant. Berefioiiatite discisofaaeigment a@m 4 Navie Sl fenacity and

dr.aw.n
BB L AT S TSR 680
arl &sredmnpared teother S{iredlbamhyn@osmﬁmultlﬁtamelm polmieﬂrayarn For
second draw can gene raII%te e at %l ower

example: the diselesed mullifilagentyaimsiasd aaves%&%}ﬁf ﬁ:pemeabout 5
grgﬁ[?/%é?ﬂen i O c?ﬁe é’m‘%g}’r‘hérﬂt e BlitigtSent @i 2an Haﬂ/e%ﬁ‘enacnty greater

than about 7 grams/demer In addition, the multifilament yarn of the present invention
can have a high modulus, for example, greater than about 100 grams/denier. In one
embodiment, the disclosed yarn can have a modulus greater than about 125
grams/denier, for example, greater than about 150 grams/denier, or greater than
about 200 grams/denier.

[0054] In addition, the disclosed yarn can exhibit relatively low elongation
characteristics. For example, the multifilament yarn of the present invention can
exhibit an elongation percentage of less than about 15%, as measured in ASTM
D2256-02. In another embodiment, the yarn can exhibit less than about 10%
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draw can be carried out at a draw ratio of |ess than

3. Inthe case of nultiple draws, the total drawratio
wowdok/oksse he product of each of the individual PAr/ESEN5/039540

thus a yarn first drawn at a draw ratio of 3, and then

subsequently drawn at a drawratio of 2 will have been

subjected to a total draw ratio of 6. [0050]
elaihgatlonafdr)exan‘rrﬂe deaw.ham&ibmﬂla%ﬁﬁmgayﬁm can be heat

S 0 T S B TR o BB ppssess aurcwe

tél‘%é@irb@tu@é aBelonasitedho Bthel; grevittishbionswrl pdlyoketih multlfllament
Cr)¢g” ubjected to a tenperature of etweef]yoaboutp %, Q0C and

yaa’m) uThamscue several mﬁ@lmaqgéptasm@ﬁw bwhlqéﬁ%masyrq Egdecular

orkP R T e DR BRI g Bk o s

at@oﬁoéﬁ:@%éésur@hiefhté Gﬁ@dﬁmlm@rowtwan&lyabl ancﬁ)m@hlgileﬁuantltatlve
than the draw ng erature(s) Thlégrdona ra
mg@pdgﬂr&éU%WI%awet ray %@ﬂéterin@ V¥REP)hstng $aw angle X-ray
the yarn followi ng draw ng. I n addition,
sc%{télgrg(% u ‘e heat shrinkage, which may be desired in
SOITE{O@ﬂ)‘G]GWrUBQm she [0Stbnlafl VaAXShatd 8ARSdiechnigueshtise disclosed

b HleEraT o HETLER 6 PP SNPRE tBiba WG4 Fe =L lenBaR rionted, with e or

no"‘ﬁHéﬂQl’ Eirbé‘tu% ﬁfﬁ‘%ﬁlbﬁ‘ér tﬁ@rﬁlé?rﬁé{%'cﬁ thé ?érdsnéérﬁﬁé‘@sess greater

arn can ated, subjected fo plasnma or
thamabnat 80%atrystatinjty accerming tocVMAKS memuded techigees described

o P i e S SORRR L KRR B il

fllgﬁ@ﬁ{wﬂ)lﬂle@i‘ from é Rt hEhi yARESIMY@BBSoEIng t*ﬁ)etherprémmtmlsclosed

can have a high surface area avail able for_ surfa
procesz. narpasticulad theyerrdistaskas Bamplyr @dnitye |5¥9Hm}%éectlon below)

GUBHERAST LG5 S RGP PR oF O TR i Ouihier cocn

qUBMCREH 3 8-wdtePBaih at7 Benendldrawhetfd drashedo of 16.2. The drawn yarn
rrultlfllament arn 30 can_be wound on a spQo

hach& &nalpderder o6 granss8HA0 nanéswaartsep%ﬁ%wﬂh68%@%%%’[?18 Figure,

B S e IR ] R A stk cn o
20/R6m &b %@ bur tm %@W&h@b@@l@ﬁ@@@@ nletaﬁBottWﬁGtSfﬂrlthh% 3), and

yarn can er processed to forma secondary
thBropglitsiline segibn aansdendd éonf 4bito 80 anary FrramdiSeto 1H0BSYding bright

sptqﬁhgggt?l!x%g!dggrpn ér%j;rt,eﬁ' lﬁ}%% fogr of g}heé r%f %g%t&%@qmtensny in
thBRAMafng aﬂﬁrﬁrﬁérp‘?\%ﬁs rébl@ﬂ?,%e%t@h’iﬁ% ol 8t et cBRbe obtained
as
Ix-1
(Ix)
where: Ix is the intensity in the crystalline region and
|5 is the intensity in the amorphous region.
[0057] In addition, the polyolefin yarns of the invention can be highly oriented,
as shown by the narrow width of the WAXS peaks in Figure 3.
[0058] Figure 4 is the SAXS pattern of the filament shown in Figure 3.

Surprisingly, none of the expected structures relating to the crystalline form,
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filament. Beneficially, the disclosed nultifil anment
yarn can have a high tenacity and nodul us, as neasured
WO p00A8TIHFD2256- 02, which is incorporated herei PCDHYS2005/039540
reference, and as conpared to other, previously known
mul tifilanment polyolefin yarn. For exanple, the
di sclosed multifilanment yarn can have a tenacity
orignéatios; ang eam@mbqus segjPRRBPaed iarthe IFﬁQLHﬁea'é(#rﬂéﬁjVprearS to
haivgg}?n@%% 3{7’\ }35 Ak 28N %%Ygage%r%r’cacde %orﬂﬁ@?éoeéntlrely of

enli ér. ’'I'n a

r;{?wmhéIré@msﬁtanmafghlpfontehtedoamsmnouswgmwson can have a
nmodul us, for exa reat er tf}an about 10

gr arie(a@@nSé\Xs patteyAg oéwa@ﬂlﬁ@m ViR Tarmae @geardm fp previously

kné?ﬁrﬁg?@eqqsa%éﬁ%q#wﬂgiﬂg%@mé@?@ %ML gﬁgmora%%us regions as

illugtraned bebright s;mts@f eaatea;rmgmltemum tf%)@ar@rm/ (ﬁm gor example,

P [0054] Lnaddition N the d .:.,ug._"-, WL;}% G0 %ﬁemer Sclenific
PL?dﬁ@Hﬁ’m eCan?EnW&LSZ; p'tpa‘fﬁﬁt 062 WhicH lstlﬁc?ornga?S@‘herem by reference. )

Ivendi on ohgatlon per centage o dss
THehposiddremuof thB8e spetsnezasie atllized mnztﬁsﬁgmpermd spacing between

anot her e Odl ment, t m ca h| bit |es
rea%mg q%@ BIRgROIBIS: ﬂ?ﬁ ¥§ of thege §p9q§dﬂﬁq,tggt4 inglicates that
anglé}ﬂgﬂ)th'o%@ r @99531 th@%véﬁﬂ@é‘?éﬁheofrmblﬁﬂef 4 hQV@ﬁbaM?r@entlcal electron
re al'so eved to possess uni que crystalline
demts'rtwm meecrastdimmgmsc andtaﬁerthuspc@vposgg of demsem highly oriented
ol éo efbn mul tifi

aoyS HRIh: iR e PR, IR EeBBirRE Eifing waxs patiem

of@'gtﬁ’@t@twméh inicytes meﬂdth@oémamho‘emsm%ﬁsuy Ratreasthedv, it may be
scattering of light or X-rays, absorba

assu e that amerphash£gi o of;ih@pﬂhﬁt@at%alawrg megt dikelyeconsists of the
[ike. | i ve methods include wi de angle X-ray
h'@?,]&to{‘sﬁ% }H}ﬁé}( and smal| angle X-ray scattering
Aé@%O][lﬁ%@Itlo'Fh tipsig ustogaléddticziali oS S YaKS ranicd general arises
techni ques, the disclosed multifil ament arns

frqm tht eamter @OHEahGOgthejlb@f fxisANd pejeqis ha jonsitldipisiga ak away from
th%‘"ﬁén dr! :@tﬁég?g re?f??#aﬂ? h'e"j}@v%rg[ r}}é ér‘égsasﬂdqlrng‘gtfthbﬂ%%‘éfence to Figure

4, ahesd e@@@bﬂéb@dﬁﬂehnglstmaas mwlamgoltﬂed\m&ﬂymmm point that they are
t echni ques descriped b w. For K ex

T iy QS DEAEAIEOS s EANBIoBAL PEAtTeTip0 o asi fbrilation of
thg bgég%ﬂﬁe @#éh‘%ﬂtg fn?&hﬂ)r@‘&lééél Scﬁosegﬂé&‘ﬂ@hﬁé’b%&nbhes. A long

resentl
equatorlal streak arises from a high Concentratlon of cylindrical, shish-type structures

in the yarn with the lamellae organized among or around the shishes, as “kabobs.”
These streaks generally appear in higher draw situations such as those of the present
invention.

[0061] As can also be seen in Figure 4, the filaments forming the yarns of the
present invention under high draw conditions can describe a nearly absent meridonal
reflection and an equatorial scattering that is strong such that the scattering ratio of
equatorial to meridional scattering intensity is high, but there remains strong density

contrast as indicated by the overall intensity.
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process. In particular, the yarn (listed as sanple Q

in the Exanpl e section, below) was extruded through a
wapioansases with eight orifices of 0.01 2 i ncheBCT/US2005/039540

di aneter each, quenched in a water bath at 730C, and

drawn at a draw ratio of 16.2. The drawn yarn had a

final denier of 406 grans/ 9000 m As can be seen Wt

r ef dP@@Rldntgenenal, fﬂa@e%@r@lwthwaﬁlﬁmw Yeens ﬁfethe present

in%ej’{t@& ﬁp%\@) Sﬁ@%&héré@ﬂe??p%g rﬁnggﬁtﬁ ggéféﬁﬁfje%@étéﬁaﬁﬁfénsny to

mésdoren inteasitpbot §remafthan aboet 8Y, Iarmdletetmbommm,l ﬂhlsrmtlo can be
regi on can be ZF?‘romlot Q and f, from-15 t
gr(saf,% than Agowr3.ghbe glmgntggomgggh%gésc egl 3@59% c§51 generally exhibit

a T%@fact%al |qu‘ﬁ% tZﬁrg[%gra;t%&sp)éﬁg %36 o?cb%tt\}ilééh %ﬁhﬂt) A3ldbut 7.0 and ¢

Sta S reg

frofh %b@f BO"ﬂd) byolf 12618né 'fﬂoﬂﬁfﬁbbum bﬁabﬁﬁt@()@egeﬂ% being parallel to
('X where: Ic is the intensity in

the Wm ajrl\ﬂaﬁhﬁcai dytajarence to Kigwetde In mjgﬁ@m {hej y,arﬂﬁ@an exhibit a

BN oR B Rl 0R 5t B RO A b PERHUE .0 and o
b?"u@""go% afbeat e@rarnawm%aupﬁz@ keaMdNSamaks in Figure

Figure 4 1st ‘oattern of the filanment .
shov[,ﬁ0631] ﬁﬂ@drselqsedmulpﬁlamamw yolrfineyasns cae bexpenafistally utilized

structures rel atin t
infg e Rt o of SxtiPle ind B il and iy fenagity gEthe
du&d@é}écﬁya@ﬁ%érh@rowa tABRERTS ckoelltan gualitidd fo@ uanzmwmnsany
regions at all, but appears to be conposed entirely of

anpligatien bultable sofi peyiodkty Koy pubifianeetreleefinyaes. For example,

nFERARS oAk TSP Dol MBI wiBE e
relrﬁ@ﬂcfiﬁfér?'nﬁiﬂégalblhr%mhﬁst B éxeenpladineoms pibosimen, foilowing
fo?r%a{lmggs,ﬁ}reﬁmgﬁqﬂ@ym% a\th1S cr)rté,sagg%rdzwcgat tiﬁgrpp gg %ﬁ@roce)éses the
v BB VRGO 9o 4R, By Bbment mater

inwhinglrix. SFomiestameeatedmbkifiEimertyyares ef treceresgntlingention can be

ch%%%l@h L@Eﬁ’ l@ﬁé@b&%ﬁqﬁ@% qusmérﬁv@eea@%{rlnlgéz%? @tg[%&o Pt lﬁ/eknown in the art.

ﬁ% il rfllarfﬁnf&péfﬁg%?e Brodd38es IS BRIet th forh BY @isblosed reinforcement
materlals the muitifilament yarns can not only be shortened, deformed, abraded, and
the like, but in addition, the multifilament yarns can become shredded. That is, during
processing, individual filaments of the yarns can become separated from one another
in forming the disclosed reinforcement materials.

[0064] Accordingly, in one embodiment, the present invention is directed to
reinforcement materials formed of the disclosed yarns. In particular, the
reinforcement materials of the present invention can include chopped, shredded,
and/or degraded yarns as herein described. In general, the reinforcement materials
can include relatively short lengths of the multifilament yarns and/or individual
filaments that have been shredded off of the formed multifilament yarns. For

example, the reinforcement materials of the present invention can generally be less
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any anor phous regions in the inventive yarn of Figure
4 have nearly identical electron density to the
w@roosOsdske ne regi ons, and are thus conposed of PAENS®NS/039540
hi ghly oriented anorphous chains, or are absent
al toget her. Wen conbined with the WAXS pattern of
Figure 3, which indicates that the anorphous intensity
thas ahoui 2 éxhessmlengthndly obe eadngdivgnt, (e reirtareeoest materials can

e BRe A o R inchein (PR dnt bERRE, B8 hab 8Bb; 4 nch inlength,
addijo0@81, Dlfey 88&athereriforsemehemangrials obthédissloted rsvention can
in general arises fromthe center nornmal to the fjber

beasarabiagd vgitop sbatsiximatgripbsigh ahadhetivyesaiesaiial: Ripslis; Rebber, or

A [ : : td
ot e celp iR S b e e lohd BEBUAhKErRE TRt Bfrete,
masariry ebhogte seakstdiddirvindnpls tomatety, @abbym dampdeitions, cement-
point that they are nore ?tl descri bed as "w ngs."
bapr JireRiQLfing iceMPasHiansy ?‘ﬁg Qﬁmﬁees fromfibrillation of

t he(ﬁ?(g@’@itlaldﬂen&nﬁgﬁﬁ%ﬁt%ﬁ@ ﬁré%‘éﬁ?in%ﬁﬁéﬁﬁhg‘?ﬁé 1§&&d yarns can be

nee e asse ohg equatorial’ strea
fuahérsgeoctssed d neicgbsargremenitiiaed emforfminy secahdarnproducts including

a3 BRTGHEE Ui i Tt Pt e DoRe Tar e ath frgviop o muttfiament
polyiéth ?éﬁn%?ﬁforgﬁ%‘?ﬁ@h,l ﬂﬁe@ﬁ%@@ied Vark Ea@rhedti@Wed in forming ropes,

sl tuatfons such as ose of the pr esent _I nventi on.
ar[dogévdn s nomwowts tathiessieh asrmay gerfeurd jn otaghindrabelis or hoses,

ropf ki orameiean-at L Bist B BautifGP ShEBinciingts thffemen
yar®s b8 b uitaBR P u@@qr@f&miﬁ’%} aseabheaiynsrolibat adddrghgad@ny known
such that the scattering ratio of equatorial to

teomnifaé trafihasdzaarcuserdyin thedast withinsevipgsly kngwnt prly@efin

B S P EE ™ bR Al DERERIE g Hifiosea varns
hdwisvek 'ghd partieuldriyf tHehigher adofkisednd femapitgsethe disclosed yarns,
i nvention can have SAXS characteristics including

A , a
secanflarygirodyatgtformad utiiziaa &he (vebtiveyaisan providesimrroved

orpladb Tl shOFRaInarbimal tarRshlr EARPRTL e sibfaF products formed
offopevibigly tkhewa mialtigedenytayonpolefdnygeser al |y exhibit an

equatorial intensity integrated from2 _qg of betwe r] ,

= boukhesinye NP Bt b bettarindersioge wilbiaeiacedo s fallowing
E%ﬁ‘&pl?nd from about 240 to about 300 (zero f being

parallel to the yarn, or vertical in reference to

Figure 4). In addition, theExanmpdecan exhibit a

[0067] Yarn samples were formed on system similar to that illustrated in Figure
1. In particular, the system included a % inch, 24:1 single screw extruder with three
temperature zones, a head with a melt pump and spinneret, a liquid quench tank (40
inch length), with two rollers in the tank, a vacuum water removal system, a spin finish
applicator, three heated godet rolls, a forced air oven (120 inch length) and a
Leesona®.winder.

[0068] Materials utilized in forming the yarns included Atofina® 3462, a
polypropylene homopolymer with a melt flow index of 3.7 and Atofina® 3281, a
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nmeridonal intensity integrated from2 q of between
about 0.4 and about 1.0 and f from about -60 to about
W@ oanskssy om about 120 to about 240. [0063] ThRCT/US2005/039540
di scl osed nultifilanment polyolefin yarns can be
beneficially utilized in many applications. For
exanpl e, the high strength and high tenacity of the
paliopysse hpampalymepwithiadwett flow infex ob % ce{boéhavailable from

RPN EE bR R R ATl bR Y it

.adedlt cEFPBBKION, sPedfddly MillaoBBBI4-dintdthyddibehayribne sorbitol) in a
yarns can be beneficially utilized as_reil nforcenent ,

1208Fé pplyprapylenerhemopolymer (exailahle frormStandridas deplppforporation,

fol,l i i f th i fi ,
SERHPASoAUERY) By B nd B JRDb LLLh B her D Rl Mg ndeof 12
(alaifdtiefron PDESHASE) ofsiduetdre TSI tabl e for use as a

reinforcenent materi a ri x. For Idﬁst ance

| in a mat , ] t he
mul t{PPEYlakatie 1y helow, dabulateshedempation andiipns el heiferent

1588 i Aol ARG Ring sy SoEe e o
weighnsereent off theerstehting agentrinttoe fraelt)) theespitirserebbele size in inches,
e LS BRECLNEE ot o AT gt 5 Vhter b, o
o g5 I IR PR AR e 80
tempeiraturkiaf thisi draming ever. trhadditiomsascthe ustentingsagentas pepvided in a

M R O -
hfﬁ@ﬁ?&%ﬂﬁhe?ﬁ@teﬂé?ﬁ@%-d Abs®Bampldl tha€ freflidedan amount of a

elnforcement materials formed of the disclosed yarns.
nuahegimgtagaunt avil] atseéneleidafaor arement ofrithe d2i MFEpelypranrylene

resent inpvention can.include ed, ;
R mg EPREE SuienyeH ek o s IBRe fiah S s Loter oo
cdrSining TN SEEE0t2maRad alils c6stain 0.0/ wigs of tHeahuslehting agent, 1.8
short "l engths of the nultifilament yarns and/or ,
wi%h of i‘h’ajm%lg/lﬁlinCélYﬁfﬁw'eﬂﬁétOfm@ﬁﬁéyrB@'éHS%dﬂbf@ﬂ@w%ﬁe H1% nucleating

the fornmed. nulti fidl I
gl spiReaTioR: ahilos P O (A P82 5t MF BiysrgBviens
hd@Rops|¢nkey. be | essthan about 5 inches in Iength. In one
enbodi nent, the reinforcenent nmaterials can be | ess

than about 3 inches in IengtIﬁﬂE&r i nstance, |ess than

aboyt—t— et tengtyit, {0065 Duringuse, the

rei nf orcenent nat eri aBBinegFel he di&&bsed |invent i gn car Oven
Saseplel o neldate o Sizey Eis| Zpma ol TuRoL 2kl S0 ] T

asphalt plasties__ rubisghes gr # C__|{m/min|m/min|m/min °C
A [Fina 3462 ’ 0.04 1 25 11.3 100 110, 9.7 120
B Fina 3462/0.2% Millad 004 1 28 g 123] 123 154 140
c Fina 3462/0.2% Millad 00271 17 28 5 30| 30 6.0 120
D Fina 3462/0.2% Millad 0027 17| 25 5 375 375 7.5 150
E Fina 3462/0.25% Millad 0018 1| 25 10.5 135 135 12.9 130
F Fina 3462/0.25% Millad 0018, 8§ 25 o 85 85 94 130
G Fina 3462/0.25% Millad 0018 8 25 6 85 85 142 130
H Fina 3462/0.25% Millad . 0012 8 25 875 85 85 97 130
| Fina 3462/0.25% Millad 00120 8 25 95 85 85 89 130
J Fina 3462/0.20% Millad 00120 8 25 8 85 85 10. 130
K Fina 3462/0.20% Millad 00120 8 25 628 85 85 13.6 130
L Fina 3462/0.20% Millad 0012 8 25 55 85 85 155 130
M Fina 3462/0.20% Millad 00120 8 25 55 85 85 155 130

-
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hydr at abl e cenmenti ti ous conpositions including
ready-m x or pre-cast concrete, nasonry concrete,

W@ h@bos2xs5%€, bitum nous concrete, gypsum conposPECT/OSN5/039540
cenment based fireproofing conpositions, and the |ike.
[0066] In one enbodi nent of the present invention, the
di sclosed varns can he further processed if pecessary

N and [fina 3462/6@0%Mifedr mil ng &&Eonda¥y @oodudy s Bocl (i nlg.0 130

O t hogna#46d020% Mikeslt iin the120ast5 haed beedh f 8Pnedddni 14k 130

P pr eAireLGs69/0lkowwilznul ti fi0.@Pent agtm Vo8l ef i6h y&Ps. pri4.2 130

Q exalmise346b209iniddosed vt caf) be3utd.2d zeddlin 85 16.2 130

R T OF IAiB462026% Nand Wovern.or2 norgvovess| f & i cs4sucis| ats.5 130

s may e fsepmndoymvimmchi nergoteel t sglor dsosess reqfireg 162 130

T T abifiS346082b@MlilddeS,| angofope lgke.gol mpmart Bgul e85, e 145

U 7 SGERSe@288b % Wildiament o/@oNs can fe suid abks Ty upes 150

v TN TRITARY g RRREdalY PyedUCt @ccoidl ng) t 0ggny ssNOWE 140

w L CCTERL 08 [ Wildg DYEn §Igef 1 Nyt N&spasis Wl 85 189 140

X PTEYEUSJgy  KTTowT Dot yOI & 73 U § T TH;AMerd y@ins. g5 130

y ) ; 4.2
VY l._fl.lnca I gpToved pllxbl Caly g7 Jpelrgl 857,5 LY Ie %hSCIg%:S%_Q 140

D

> yadt r?'d.aﬂu_égliv‘_evcii fmu par té:(y,. dl |g, "fé 'é jll§l84llULb% %.O 140

D

PA,, o dFina 32845 % ] M—fﬁfl;?“zf’;dﬂbﬁ :If ?'33227;5 SUhrieaY g5l 17.00 130
BEL, oo 28 A0 P ML o e QAL SR AT BT LS, 7.0, 150
c adn ,81’H ThAladhy od £ Q1% 1 8 “.jg’ HEtS fé?‘me P Jfﬁtr 140
D rp\ﬁiw%wmzs{mwwm;@-gﬂ@em S0l Vi3l of idh y&flns Sl 3 140

213 140

ER nv d7ia 328 10R% Mladet fler QO stod Kﬁ,ﬁi_hj@i_éﬂgng@ 2.
FFt he [fine 3280030 Millathp| e F@1#hl e § 0068 Yalin $4npldSs 213 140
CQwer Fifai2B.26nM¥adst emn siO@12%ar 1@ t WAt i 19 usBflat €4 i 7.0 140
HHFi gUfiea 32810R%diad cullar ,0.81%e sy&t end5| nbTWded4a A ntH 140
Il 24: JFisd 3081 /0.28cidlad extlr ud@pOosn t ROt hrde 4.20ypeBAt urd 20.0 140
JJzonempa @sheath Milddh a |nel 2.0@unp2@nd &pi rier e84 a 49 glh. 150
Krquerrate 328nK.20dilaanch || engods) , véit h 2504291 | @rls i85 t2080 140
tank, a vacuum water renoval system a spin finish
applicator, three heated godet rolls, a forced air

d
overOP 10107 9llenring &rgiationatiie samelesoverertpsifafaer nyrokryedf physical
BT Ay B TR, MBS, o, g
toughtieds, W dcadmiingfo ASTMD@2B6452, pagvipusi@ &lcarporated by reference.

apol ypropyl ene honopol r wwth a nelt flow index of
Rasults@stsiionrabelaw I@Hpﬁ%ﬁr:?

Table 2
Sample Material Denier | Den/fil Elong Ten Mod Tuff
g/9000 m|g/9000 m % g/d g/d g/d
A Fina 3462 302 302 24 5.2 60
B Fina 3462/0.2% Millad 292 292 8 5.9 107
C Fina 3462/0.2% Millad 1300 76 21 5.5 50
D Fina 3462/0.2% Millad 1414 83 16 4.2 43
E Fina 3462/0.25% Millad 63 63 10 7.9 125
F Fina 3462/0.25% Millad 293 37 22 8.5
G Fina 3462/0.25% Millad 532 67 11.7 10.4 173
H Fina 3462/0.25% Millad 210 26 16.9 8.1 100
| Fina 3462/0.25% Millad 161 20 14.8 7.2 100
J Fina 3462/0.20% Millad 222 28 15.0 9.0 108
K Fina 3462/0.20% Millad 316 40 9.1 8.4 154
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ATOFI NA Petrochem cals, Inc. of Houston, TX), a 10%

concentrate of a nucleating agent conposition,
wa@pweiosissal |y M1l ad(r) 3988 (3, 4-dinethyl PCT/US2005/039540

di benzylidiene sorbitol) in a 12 Ml pol ypropyl ene

honopol ynmer (avail able from Standri dge Col or

Corporation, Social Crcle, GA USA), and a
L pol ViEihdgdasreodyvomtipn| yiressan { h 46 el t8.91 ow iBiddek db9 12
M (avarihabdez/d zoommillRl Pl as2d cs, 3% Hougtoon, $X) . | [ 0@69]
N Tabllgnd 34628]. 208, Mg ul [at 8g; t he 4q0r matqp@n [coquh t i ongq of
02/ Jriha, §£6%r520$/am LAl Tl Nor 1r THGSTL 80 4rml e-4p
p (TTOLEILILD 2, LY e HRe ang e §atar BeTaiT (g
Q¢ pi dre? ra%f L DT AR NS T Y B LR
Rf| | AnBn462/030% Milled |he36% 1p;i"ﬁr||rp1¢4f0th98r2un1ph
S wat aFinh362/0.20%eMilad | |sp@s| of4% ha dé&wi ng8ral |s, t he
T t ot gFinalB4BR/0.20% MillédRol | HRol | 4) .| add thelGenperi88urle
U of tihira 6462W.209 BMed. || n3addi ti4n, |ass.Bhe| nuxs eat i209
v agerltind S2a437 O9%d@ithd N @ 3600 congent|r az.e conpgasi {i agsof
wihe ﬁHgb@a%a% MRERNT | Nags TP M NOT y BT OPylhene| 503
x ITOMORRL YT "t ITE TTater gy MHKe; P (07 LMOSToSAMpT es 1 075
BN A ol T TR 001 ) EAMLAL A Y
Z hormbled $98r £ rom the contibntrdtl. |For-Lexamiibe | o 165 | 0.66
AA anpfipa 284w/ 5% 12K R 2328 oht A ng 1BIONA 3882/ 0 2%
BEM | ||Eive 924110.2%Milaiin 0|, 22T % of34 hé nitl et Brég ageng, 0.62
cd. 8 |mhaGza/atdve Mli2d MFI | ppd7A/pr o3 ene &bénopoleenel uséd | 0.58
ph N fleraBaed/d.dve Mi&o nucl ged | hg Fgent gonposid4 on, 288d | 0.68
eS8 VIEA 9s1ide, iR 346238 7] Melg pal ypiopylene | 178 | 061
FF Pﬁ’éﬁ@%/oz"/ Milag LVY469 TO!3PW ”965””5“8!50”’ UBF | 0.1
SehllilZ i§¢/c.?,&mﬁl g0 T ags TR 0T PIYSI TR | 200 | 060
DAL TE e AN N
I accdrine A8 1H0RYaMier 02256392 | prli dusbd i hc@dpor at’@d Hy 046
JJr ef dFiamaeB1/0R86 Miled ar Q_éi&maw b#d ow i B6Tapl 822 | T4HI 0.65
KK X- riBiva Sz {256 Miligd Anall y423 | 00Z711] |Théisanpl7és werl@s 0.47

studied by small angle x-ray scattering (SAXS). The

SAXS data were coll ected on a Bruker AXS (Madi son,
X i I3i-wire detector placed at a distance

of 1[%%74?Tﬁ5“sfahﬂﬂé§ PRrs &Ik by sARAIAHG xFafkcattering (SAXS). The
SAXS data were collected on a Bruker AXS (Madison, Wis.) Hi-Star multi-wire

detector placed at a distance of 105.45 cm from the sample in an Anton-Paar

()) (@)

vacuum. X-rays (A=0.154178 nm) were generated with a MacScience rotating anode
(40 kV, 40 mA) and focused through three pinholes to a size of 0.2 mm. The entire
system (generator, detector, beampath, sample holder, and software) is commercially
available as a single unit from Bruker AXS. The detector was calibrated per
manufacturer recommendation using a sample of silver behenate.

[0072] A typical SAXS data collection was conducted as follows: A
polypropylene filament bundle was wrapped around a holder, which was placed in the
x-ray beam inside an Anton-Paar vacuum sample chamber on the x-ray equipment.

The sample chamber and beam path was evacuated to less than 100 mTorr and the
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vacuum X-rays (I=0.154178 nm were generated with a
MacSci ence rotating anode (40 kV, 40 md) and focused
wo booeaspsse hr ee pinholes to a size of 0.2 mm TPET/BRL005/639540
system (generat or, detector, beanpath, sanple hol der,
and software) is commercially available as a single
unit from Bruker AXS. The detector was calibrated per
samgriel fvast anposeddo dheXaytlieam nribeiweer’ ahpreddmisiiesend one hour.

b t 2
TSR S AR e PR D AR SR e
aulGRalsARIROhar Ssisnaof@lader , whi ch was pI aced in the
X- ra&ébeam i nsi'de an Anton-Paar vacuum sanpl e_c

on {07 3A-Amgnalysispfdhe scatﬁ@egamﬁgngltybﬂlgmwgr(aeﬁ@% 2.5% into the
eqﬁﬁfg%f gﬁ;@%@ﬁ@gé@)@%@nw@“r ay rgﬂa;?nﬁw réwg%et\ta frames by dividing

théleeélﬂenﬂw'ig it Qtr@?m@da@@quel smmgrregmnonﬁégmwfmm 20 of
frames were coll'ected by the detector and unwarped

betweemabouhtl Kytombalhd (sgmd éﬁwmfabwatéo tq ebgay 12thand from about 240
. zgga%%&é’e;og@ﬁ@aaz‘fe@ﬁﬁg% M e
el SRR AR B Bk 5 Pl BBk Rd AR sbout 1.0

artCirbRY AbEut-8Y %bdm%@%rﬁiﬁ@nfdm 220 tofabbet M@n Total counts
about 0.4 to about 1.0 and f from about 60 to ab

welrzcsummeﬂ foneagivat thedwaregisnsanddbe retie caloviaed @@d ‘tabulated for

or vertical in Figure 4 and the
a&%ﬁ%ﬂ”?@é@% t?ﬁ%\’vl‘egi on, integrat eg from)2 g of

betvveen about 0.4 and about Thile3nd f from about -60
to abhout 60 and from about 120 to about-240. TFotal
counts were sumed for eac¢lyepdioddne Eouatoli:2gi Buatoasd |t he
r at igampel cul at eghtend t abul Stcetbriigl Seaithing andbridnal
Table 3, [beiow. Table 3[0074bufs Canolgs seen with
(r::]; rence, Lo, fabre 3, whiTe thg,éh scl o%qglﬁ mat er i @] $
or oo Ji 2P Rl ledy o W04 e T Y L
scatteri E,maa4°210 : Eﬁdo“a'c SCﬂ??bbAL“;n,,%OZE?U:‘/qSS;T@ : ed
to he hithia3#62RZMMIS [ ohg o168 e i al STOA% 1 or | A2
gi vieng r iFe &462/92§%d\ﬂ1“adat| o _of 78%flat 0265§06(< ¢ at ¢ 36519
to IFeri diFomal46/0ab%aMilag. | At t28693)ery 23494t . t hehB3|t he
pregence |Fifa 3462/0125% Mt t ¢r i ng4nbangs 18220Te equalk.8f|i al
di r ¢eTT ofFir ebdeswtingaddesi r edi4goy st al 11sbguct ur emst) hat
| Mpar T Te PLepBREy.SmiRT N1 gh d@paci ty1aeg high o.82

mod i us— U b i baGuiad U1 T T aEegl 74971 2.07
K Fina 3462/0.20% Millad 82734 662846 8.01
L Fina 3462/0.20% Millad 47815 175599 3.67
M Fina 3462/0.20% Millad 53247| 323136 6.07
N Fina 3462/0.20% Millad 89254 561719 6.29|
0 Fina 3462/0.20% Miliad 52212] 313477 6.00
P Fina 3462/0.20% Millad 57344 365467 6.37
Q Fina 3462/0.20% Millad 107220 401479 3,74
R Fiha 3462/0.20% Millad 40419 59163 1.46
s Fina 3462/0.20% Millad 48712] 106876 2.19
i Fina 3462/0.20% Millad 49008] 153474 3.13
U Fina 3462/0.20% Millad 65450] 210907 3.2
vV Fina 3281/ 0.2% Millad 54222 220056 4.06
W Fina 3281/ 0.2% Millad 43058] 257097 5.97
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yarns. [0075] It will be appreciated that the
foregoi ng exanpl es, given for purposes of

WO Rdoa®s2584 i on, are not to be construed as | i m PCHYSI008039540
scope of this invention. Although only a few exenplary
enbodi nents of this invention have been described in
detail above,.those skilled in the art will readily
appieci afFmatshet  many nodi {i catBefs ar@99dssi bl e 3H| t he
exeflpl ar gingnbodi nent s wi t hout snraiser | 1b415depar t 36§
fropnthejrpgyegs teachi ngs and agxant agesoqst t hi s 4.11
! n;/ U1 O ASERY bR | PR I sugfpehodi fghgzl i ONS 314
| nvERe Fofnagzso 2k iEs LT RS0 TooRerAT LT Rt
ol | CQ,-.... Fma;‘i u O{QMI € i ,+|l,54m9 Ol I‘fé\ﬂl&l Cl a| % n

Fa

F haDormnl na SEsHS. A MIE ey o AL0EED | vAR22s G0 fz“‘r
ach Eéve |nB 36$1/@ A% “&Want Hges 5(1\@26\nrrn1735§11nd| r‘rg_n_tﬁ yet
t heFabselfine 3081/@2pdtilladcul ar ad9eii agel8dfifl | not 3
CONEd UelinkG28BC.LBIMNAd y Imean 4b8E2t seBASEE enbodi.i2ent
IS Py Si Fealshersonpmel the prsesemt isweent i on. WSAD| | S
CLALNVED |ei 33g1/21BkiR0 CONpPrissyayy: fmpmAg a mejgied
pol e T [, COBPOS b, Ak COMpT | SisngaAT | FagdaONe 342
ltoglr 'ghl Iﬁaﬁ;‘é%ﬂ/bﬁ%'\hﬁ%dw? et L%gm ot YITED corrpo43:44 ion

| €—o11++1€€S Lu|U||||||U|L|p|b‘|||al|b‘l|S
of t he pol yneric conposition; quenching the filanents

f{oghﬂ%@cmbe sl Wies EifBricheo fTidbTe) n\tvﬁllé thd aisbiosed materials
|t ament bundl e; and drawi ng t

calmuh tsofid casan give m@rnse Goal %Akﬂﬁmaaeﬂm@wqf&@ M@’fhd@%atr@@ﬂdonal

schfled st BF Mt O g s BagHng Wb ompered to the
hx@‘ﬁ Upthud StroritpéguateHarscdiering ging n‘sewarraglurratl@bf equatorlal
ween about” 8Q0C and about 1700C. 2. The net hod of

scattafing 1o matisianah seadeling.y Atdne Hervseast Hiril, Jag presencprf intense
scgngt ﬁg g@@g {neﬂhgae]quat‘fﬂ?él%r:é)gf@‘? Pﬂﬂ)ld’éﬁetrh'ecdééq’i’éﬁoéyétbpgtructures that

impart the properties of high tenacity and high modulus found in the multifilament

yarns.

[0075] It will be appreciated that the foregoing examples, given for purposes of
illustration, are not to be construed as limiting the scope of this invention. Although
only a few exemplary embodiments of this invention have been described in detail
above, those skilled in the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such modifications are
intended to be included within the scope of this invention that is defined in the
following claims and all equivalents thereto. Further, it is recognized that many
embodiments may be conceived that do not achieve all of the édvantages of some
embodiments, yet the absence of a particular advantage shall not be construed to
necessarily mean that such an embodiment is outside the scope of the present

invention.
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4. The method of claim1l, wherein the polyolefinis a

pol ypropyl ene. 5. The nethod of claim4, wherein the
w@oiogpsspy| ene has a nelt flow i ndex of betweePCHDS20D5/039540

0.2 and about 50. 6. The nethod of claim1l1, the

pol ymeri c conposition further conprising a nucleating

agent. 7. The nethod of claim®6, wherein the
WHATISELAWMEBRHS: is a di benzyl i dene sorbitol

nucl,eati ng ent. 8. .The nethod of claim®6, wherein
the1nucl Z\am%ﬂboq‘a%%ﬁpn%@&pr esent in the polyneric
conposi t ifghih§ adieRE® Polynedrid @sapddigon eboptisihpdtyeast one

wei ght of the conposition. 9. The nethod of claimi,
polMetsiéi n each orifice defines a maxi mum crosssection of

bet ween . 0. ' : ' : P
The. et heataring; e e Sy AR R Hasti R Rittipt orifces to
foraxirultiisid fiiments af ¢hepolyrteniessonadasitiory, meter per minute

and about 25 neters ,%er m nut €. #1 The met hod of

clai m 1, augn@rnerhe A ”P?'Hﬁi”&laglﬂfl baftheat ed. 12. The

met hod of ' il [ i1 Grell tefn b
(o at empeolr @ e flafichS 6 Toiia olHlemetibet bulge) afd
f1_3|. The raiea\lvmg tgé mlhlfeiiti)lmfané fiber Ietur:nfle vdthex tiravd eatio greater than
il aments eac escrjbe a die swell, adjacent, to .
byt § e g A& h FadRIBMaTs 4o, GUIcse R A fig ant ABsr bundie s
drél\}{)ﬁ %Aﬁ'lil%tl?éé%d,%e gt dbrcaWilihg a4 -terﬁP@rdT@rte' Wh&veshaibdut 80°C
, further conprising passing the filanments through a
andaboshr@0WCprior to quenching the filaments in the

liqui d bath. 15. The nmethod of .cl.aim1, further
conr | 51 AGSPBRACY ST VRse TV BolkolphBss A hrghvaner
16. gThe nmejchagield & if 1, wweeiette pdigmetibebnipadtich ésmprises at
drawn in an oven heated to a tenperature of between
leash bwo pebEfinsd about 1700C. 17. The nethod of claim 1,

et o G DR0Eh L R B AR fppviene
800G, and Talarbthbd@FGlaim 4, wherein the polypropylene has a melt flow index
of between about 0.2 and about 50.
6. The method of claim 1, the polymeric composition further comprising a
nucleating agent. ‘
7. The method of claim 6, wherein the nucleating agent is a dibenzylidene
sorbitol nucleating agent. ,

8. The method of claim 6, wherein the nucleating agent is present in the
polymeric composition in an amount of less than about 1% by weight of the
composition.

0. The method of claim 1, wherein each orifice defines a maximum cross-
section of between about 0.002 inches and about 0.050 inches.

10.  The method of claim 1, wherein the filaments are extruded at a rate of
between about 1 meter per minute and about 25 meters per minute.

11.  The method of claim 1, in which the liquid bath is heated.

'12.  The method of claim 11, in which the liquid bath is heated fo a
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18. The nethod of claim1l, wherein the drawratio is

bet ween about 6 and about 25. 19. The nethod of claim
waooehs2sed n the draw ratio is greater than aboRCT/LS2005/039540

20. The nethod of claim 1, further conprising draw ng

the drawn nmultifilament yarn a second tinme, wherein

the second draw ratio is less than the first draw

temgeraurepofibetweenrahaw §0% appabeul 130Urt her conpri si ng

heat, set t t TR . ,
e L e
dié E@eh 2eident & tHY offltel, die sirfacesofithbdiquid hatheeting within the distance

maxi mum cr oss-secti onal di mension of the single drawn
of the digeswelbxt ruded fromthat orifice is between about 1

and ,gbout+ 10 et h i@nL, '
e 0y TAmed e e LR SPGB ents trougr
a %éeﬂghn@udrprfcirde quenthiag i filanne rds s thesleptid bat.
i mension_of the single dr filament extruded from
thatitor | TirEmedasteldai doBtnes caR Ao AP R  LbfiEAnt to the
fibg?bnﬁgle‘?f claim1, further conprising chopping the
r awn

mul tifilament yarn into | engths of |ess than
abouitt.5 iTrehesthad 6bclaima 1y wharen tenéber brnde isadramsy inan oven

tr teriagl. 25 .Th t h [,ai th
oAbl & TG PBERHS e VAP ARG O Sr ABHALRME AE0 e ar aun
mul ti7 i | arfinetigdoEaind RewRBEdIe thefibéd Rirties dier efilizing heated
the matrix material is selected fromthe gr

drawrslisheatedd atsienerabye dbshupen appUsAI°Eand Abe: 170°C.
d d bl tit] L L il
ot HOH of 1151 BEiiae F lpihdr RoERTR AR Mzt Botifi& beltBen about6 and

apeegondary product conprising the drawn nultifilanment

yarn, the secondary product bei,ng sel ect ed _fromth?

gr out®. conBiss Meligp@Pf elainydewharaip Vs drayhFatio isgrgater than about 10.

nonwpyen .ﬁgp ' . et f ' .

mul t5Ti | a nHe)?/%?cﬁgfc%lé'pnﬁrﬁSf]@g]:e?fcgbﬁr@gdbgd%l?%(tzpe drawn
moIetilrRsSrit6/ae BnRsioht ¢ime; avhere i the secpatl dawpstieeless than the first

having a nmelt flow index of between about 2 and about
drggy ratio.

21.  The method of claim 1, further comprising heat setting the drawn -
multifilament yarn.

22.  The method of claim 1, wherein the ratio of the maximum cross-
sectional dimension of a single orifice to the maximum cross-sectional dimension of
the single drawn filament extruded from that orifice is between about 1 and about 10.

23. The method of claim 1, wherein the ratio of the maximum cross-
sectional dimension of a single orifice to the maximum cross-sectional dimension of
the single drawn filament extruded from that orifice is between about 3 and about 8.

24.  The method of claim 1, further comprising chopping the drawn
multifilament yarn into lengths of less than about 5 inches to form a reinforcement
material for a matrix material.

25 The method of claim 24, further comprising deforming, abrading, or

shredding the drawn multifilament yarn.
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extruding the nelted pol yneric conposition through

multiple orifices at a rate of between about 1 neter
w@eeoe/s2sed e and about 25 neters per mnute to POY/DIB2005/039540

multiple filaments of the polyneric conposition;

quenching the filanments in a liquid bath; collecting

the filanments to forma nultifilanment flber bundl e;

appl%ﬁ ng Ehe nisthesat clain RAewhetsin thamatdx materialiaaelegted from the

grapggp@fns |ﬂgﬁ?§§ﬁé§lv%sbf%p?gﬁ%{Jlgst‘é}‘? ;\?\unl?oﬁéarlr ?H‘fﬁ .rh?/BfeﬁakEle cementitious

cordbdsitiodrerein the multifilament fiber bundle is drawn
whi | e heated, the heat soqurce being at a t epper at ur e

of BHtweethabwiodehdaind. %MC@W@ngz@rm a $EEPRIPTY product
T L e

th8 . 86@p consietng 3a rdihe awbhed faifrics had m R&)wovenidabei. t he

liquid bath heated. 3 1. Th t hod of cl 28,

\ghl c?h‘3the“lméape%g&ermm%a%@i*@%m%fé(gf%g%igﬁg Ee of a

et ween P

claim 28%%an9§ I n tlﬁﬁdg(ﬁ}@ﬁ?ﬁ%égr%egslltlga roymkzr% Egﬁlﬂfropylene
hdwrag &dnélbflawtiedeeobb etivecafabioet Resl aﬂmﬂtSOS,Q)C and

about 17(I)Cf: 33. Th thorj of . cl ai ? ﬁ/{were'n tpel -

fiber burkNtmdg emeled polmeris sanpesition yoHah fadtisle orifices at a

{
o0 o el g RS syt oo

mpmpMammaﬁ)’tﬁm m@lymeﬂmcohimosm@npru ses a nucl eating
agent . of aim 34 erein the
pol yner i cq by {]"egﬂa@g inGUIud dafaat | ng agent in
an amuntcdﬁ%oﬂﬁ@ﬁwé famedoty fohth Pshuilaenefibédtsundle;

conposi tion. . The method of claim 34, wherein the

nuc: eati r@@rﬂsgegta |Ubrlaal@t|tbéhﬁflbeﬁj@ﬁ@ilgoamﬁ* t ol
nuc t
The rat1 CtaREh e Bl e BByt & i #RGFLdter than

alsdut @l e fefrhfd G@wiromultilaremtngam cwleeirs ¢ mailtdilament fiber bundle is
di nrensi on of the drawn filanent extruded fro

drewnfwhite heatsey recheaitsource beipg aisdgmpgasature o 6hieen about 80°C
and about 170°C.

29. The method of claim 28, wherein each orifice defines a maximum cross-
section of between about 0.002 inches and about 0.050 inches.

30. The method of claim 28, in which the liquid bath is heated.

'31.  The method of claim 28, in which the liquid bath is heated to a
temperature of between about 50°C and about 130°C.

32. The method of claim 28, wherein the fiber bundle is drawn in an oven
heated to a temperature of between about 80°C and about 170°C.

33. The method of claim 28, wherein the fiber bundle is drawn utilizing
heated draw rolls heated to a temperature of between about 80°C and about 170°C.

34. The method of claim 28, wherein the polymeric composition further
comprises a nucleating agent.

35. The method of claim 34, wherein the polymeric composition comprises a
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38. The nethod of claim 28, wherein the ratio of the
maxi mum cr osssecti onal dinension of a single orifice
WO 00bl082580Xi mMum cr oss-secti onal di mensi on of tPET/URZNMFI039540
filament extruded fromthat orifice is between about 3
and about 8. 39. A multifilanment yarn conprising at
|l east three filaments, each filament conprising a
nysieatingedgant imanremou of leRsrihan apput d¥sby Wé’#ﬂf&ﬁg {ie gomposition.

gra 90 ter bt £ ; ' ) ' .
Or S SOOEh ot BT, WLl p BB B R Bbonzyicdene
sdiBNoIHlcRedPgWdentgr eat er than about 40 grams/denier.
40. The nul tifilament yarn of claim 39 éptgreinthe
r

yam¥as al herdneq ofelatn 8, whareialuuatly grlagdnadnugy cross-

21T b : C _
sdbanl T S BB ool PP o gghonion o
th@&:ltrfﬁwgfilﬂmﬁeﬂt?@dtudldwﬁtr@mfth_av @rggﬁ ighmensen aBoufrhend about 10.

mul tifilanpen rn of ¢ , ipt | yol efi

s ol yBRBEYFERS SRS WAy FPdRBRC! i M cross-

’ i q ] '
oSR5SR BTpeEmit Vbcaemiatyhapension o
theldrbwn 3amueheexdiudddieoyahat drificeds ietueers aboebd endtaimnt 8.

o1 a1 3930, dfBpRans dai Rt X iast S embae, e flament
C@ﬁgﬁgr{?% S\%cﬂ Lfi§Bhehaviy a GBRicMEF [dskithanembuy 800 @fams/9000

nerein the yarn exhibits an el ongation of
mbtess, theanuléiflemert yern AZvingreemdravni atandisw fadie offgreater than about

claim 39, wherein at |east one . i | nts

6 b8 bevtika JRELTL ofats b BoB6 R0 el Rl oy

accoi@li naTH® nHeFPaMeAs YaINNGEF di&IATBY aMesreirtthe Vidi has a tenacity
mul tifilament yarn of claim 39, wherein at |east one

grebtariam ebawehgsaas/dgnielti o of equatorial intensity to

To S AL TR eBl SRR AR08 ARhbrely Padit fidfhferithes a denier
ofsstiveeh adloat 53Gramérened meterd srasaboute! 0 grianes/9000 meters.

filanments
42.  The multifilament yarn of claim 39, wherein the polyolefin is a

polypropylene.

43.  The multifilament yarn of claim 39, wherein the yarn has a modulus
greater than about 100 grams/denier.

44. The multifilament yarn of claim 39, wherein the yarn has a modulus
greater than about 150 grams/denier.

45,  The multifilament yarn of claim 39, wherein the yarn has a tenacity
greater than about 7 grams/denier,

46. The multifilament yarn of claim 39, wherein the yarn exhibits an
elongation of less than about 10%.

47.  The multifilament yarn of claim 39, wherein at least one of the filaments
possesses greater than about 80% crystallinity according to WAXS measuring

techniques.
48.  The multifilament yarn of claim 39, wherein at least one of the filaments
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has a ratio of equatorial intensity to neridonai
intensity greater than about 3.0 according to SAXS
wore@s053589 t echni ques. 50. The nultifil anment yBCTUS$005/039540
claim 39, the yarn further conprising a nucleating
agent. 5 1. The nmultifilanment yarn of claim 50,
wherein the nucleating agent is a dibenzylidene
hap prRt® Pl aguatesal intensiyie nezridongéintenaityrdreatas dhary abaut 1.0

[ [0 AL amLs contained wthin a
acgéeocrgfrqgggysg%%gﬂ%%ﬂgeﬁge@? Q%‘am? %‘m the group consisting
of a49.0peTha mwitifianfeabyam ofatisina39onherstmat i@bst 6ne dBthe filaments
A reinforcenent material conprising a yarn of a | engt

h
has 217k Of AAYARRBLINIANSIY tp MATENa} iR/ DrEaiRs than ARoW: 3.0

tAn [ %égqn , h filament conprising a
a%ﬁé@?é@i%ﬁ@ avi Fr@ th@@ﬁFéég. of | ess than about 300
gr ans0.9000heretdtifantcné yyanofreainngo bikeryatn &mthertcomshising a

r%ti 0 of %&eater t han about 6 and having a nodul us
nFedling 29¢4n about 40 grams/ denier, wherein the

rei ngpr Ceﬁﬁé‘?nd]ﬁﬁlﬁﬁ{eﬁk il 5foélaifr?5@,f\ﬁlﬁ§|jeﬂ9tf% rgﬁ?’g\léérlnﬂ?ggjagent isa

material. 54. The reinforcenent material o
dibapzdidentiseryitol muckstibgeayedégr aded. 55. The

has. Soen Wt GMTBAEMeRt vameS S & culRn ik L dy cBRtained within
a §babiry pr%\%t%'efééé%@fr}zrﬁm thel §rolifTBnkRAAg dPAYbpE N §Rven fabric, and

inches in Iength. rei nforcenment material of
aobawevefahilterein the yarn is |ess than about one inch

in legngth, 58. The reinforcenent. material pf clajmb53,

wher&in &SP P IECE A AeBH g & Yot of e iciGh el feys than
alfollYide dEHY S s PBIM EdrhpHiSing @Rt tHred fildentEh@ach filament

rei nforcenent material of claimb53, wherein the yarn

coyaprising erkalyelefiy padthavintha deaiss of lessdhanabgehBep grams/S000
meters, the yarn having been drawn at a draw ratio of greater than about 6 and

having a modulus greater than about 40 grams/denier, wherein the reinforcement
material is for reinforcing a matrix material.

54,  The reinforcement material of claim 53, wherein the yarn has been
degraded.

55.  The reinforcement material of claim 53, wherein the yarn has been
deformed.

' 56.  The reinforcement material of claim 53, wherein the yarn is less than

about three inches in length.

57.  The reinforcement material of claim 53, wherein the yarn is less than
about one inch in length.

58.  The reinforcement material of claim 53, wherein the reinforcement
material is for reinforcing a hydratable cementitious composition.

59.  The reinforcement material of claim 53, wherein the yarn has a tenacity
greater than about 5 grams/denier.

60.  The reinforcement material of claim 53, wherein the polyolefin is a
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60. The reinforcenment material of claimb53, wherein
the polyolefin is apol ypropylene. 6 1. The

wo ejoafosassenent material of claimb53, wherein tPET/ysIms/039540
has a nodul us greater than about 100 grans/denier.

polypropylene.
61.  The reinforcement material of claim 53, wherein the yarn has a modulus

greater than about 100 grams/denier.
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