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POLYOLEFIN YARN FORMATION PROCESSES AND YARNS FORMED
THEREFROM Background of the invention [001] Yarns and fibers formed
wiampaysstefins can offer many desirable characteristics. FetBxXamp®39540

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, monofilament fibers as

well as multifilament yarns have been formed from various polyolefins
such as polypropylene. While the development of monofilament polyolefin

fibers that have high modulus and high tenaci '
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room for improvement an% vagiatrign vgtgﬂg‘féei a\gté nSﬁ&mamary of the

Invention [002] In one em n is directed to a

method] Yermsngna fiobrslefmeifititamelytiefns Bon efempienyissirable
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embodiment, the polyolefin can be lypropylene. Optionally, the yar :
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and .about 50. [004] In one embodiment, the .polypr ene can contain a
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dibenzylidene sorbitol nucleBtinyreayetikhddiesniigty known in the art,

s B e e Rt oo o
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€ extruder. For , . .
form multiple filaments, quenching the filaments in a liquid bath, collecting the

filaments to form a fiber bundle, and drawing the fiber bundle in & heated drawing step
with a draw ratio greater than about 8, and in one embodiment, greater than about 10.

[003] The polyolefin can be any polyolefin suitable for forming yam. 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 nucieating 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,



example, the extruder can define multiple orifices, and each orifice can
have a maximum cross-sectional dimension of between about 0.001 and
about 0.050 inches. [006] The melt can be extruded fairly slowly, for
weiEiétween about | m/min and about 25 m/min into thedi4Urdens/a39540
guench bath. Optionally, the bath can be heated, such as to a
temperature of between about 50C and about 130C. In one embodiment,
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can also be carried out in forming the disclosed multiflament yarn such
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directed_tg yarn that can be_  formed according to the disclosed processes.
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tenacity, for example gre an about in some
tempRiditnents fahegrenter fravaap o erngeeh ot hanbleditens stpe period of
sghisclosed yarns can also be fairly resistant to stretching, for example, the
yarn can exhibit an elongation of less than about 10%. [0010] T
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[009] In another embodiment, the invention is directed to yarn that can be
formed according to the disclosed processes. Forinstance, 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 deniet of between about 0.5 and abouf 100,
The yarn can have a high modulus, for instance greater than 40 g/d. In another
embodiment, the yarn can have a moduius greater than 100 g/d, or greater than 150
g/d in some embodiments. The yarn can alsc 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



the yarn can possess greater than 80% crystallinity, according to known
wide-angle x-ray scattering (WAXS) measuring techniques. In one
embodiment, at least one of the filaments in the yarn can have a ratio of
equatorial intensity to meridonal intensity greater than about 1.0, which
can be obtained from known small angle x-ray scattering (SAXS)
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bundle is drawn while heated, the heat source being at a temperature of between 80°C
and 170°C, and wherein at least one of said filaments has a ratio of equatorial intensity {o
meridonal intensity greater than 3.0 according to SAXS measuring techniques.
[0012b] Another aspect of the present invention provides a method of forming a

multifilament yarm comprising:
forming a meited polymeric compasition comprising a polypropylene having a melt flow
index of between 2 and 50 ,

extruding the melted polymeric composition through muliipie orifices at a rate of
between 1 meter per minute and 25 meters per minute to form multiple filaments of the

polymeric composiiion.



polymeric composition. 3 quenching the filaments in a heated liquid bath
collecting the quenched filaments to form a multifilament fiber bundle,
applying a lubricant to the fiber bundle and drawing the multifilament fiber
bundle with a draw ratio greater than 6 to form a drawn multifilament
yarn, wherein the multifilament fiber bundle is drawn while heated, the
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Brief Description of the Figures

[0013] A full and enabling disclosure of the present invention, including the best
mode thereof, to one of ordinary skill in the art, is set forth more particularly in the
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 o one
embodiment of the present invention;

[0016] Figure 3 is the WAXS scattering pattern of a polypropylene filament pulled
from a muitifilament yarn formed according to one embodiment of the presently

3a



disclosed processes; and [0017] Figure 4 is the SAXS scattering pattern

of the polypropylene filament of Figure 3. [0018] Repeat use of reference

characters in the present specification and drawings is intended to
wepresertsiie same or analogous features or elements of theCpreseng/039540

invention. Detailed Description of the Invention [0019] Reference will now
DEIHaEte prodetaibt mious embodiments of the invention, one or more

oy OF L SHIR 3 9 RO A TR OIS TR B REAE TR aement o

Atguile @ apparent to those skilled in the art that varlous modlflcatlons and

Variat'@'ﬂﬁ%‘j pﬁ%ag]ﬁ% & rlg'ﬁr%rr‘?éee ﬁé?‘é‘é@rlg Eggﬁt‘a‘gﬁggxf fon and

the sc e invention. or mstance res [ ate
esingres aﬁ@mﬂdﬁ@m@mmﬁmﬁamﬂrwamw sprities or eiements of the
1@%@ Wield a still further embodiment. Thus, it is intended that
e present invention cover such modlflcatlons and variations as come
within the scope of theJ&5pidPles 9ftbe Bvenlieats .[0020] In

generglg R@é%ﬁd@\wmtmw%Ifﬁ@&dwsca@tumf&amﬁeaQ@zmi@aranefﬂr@af the
and methods suitable for forml the%;closed mult |f|| ment

lefin
‘9&?H§9"B8ﬂ§fﬁﬁéﬂ9f’?}@‘@@@l8§ B S5 It 88’t08 oeb"d‘mem 1S
mmﬂamym@pﬁ@eﬁmmw shatcarvendiipil at{diastaiins of tighevention. In fact,
AR o LT L2 T A IR R e D e eoggepna variatons
cuanemlcmaasergﬁrmmﬁy@tenmﬁomwﬁémusﬁmwgdmrfoﬁmmmpe or spirit of the
i VQEHR: MBF%%%ES@'af@%’tlﬁ?&ﬁﬁ%%?eﬁ%?%é&r %@Q&%Qﬁ é*'ﬁﬁlé?%%odiment

yarns can include forming a molten composition including a polyolefin
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liquid, forming a'yarn structure of the multiple individual filaments, and
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mensralyitested dwatdrethods can be utllized fo form multifitament polyolefin
yarns that can exhibit at least one of higher modulus or higher tenacity as compared

to previously known multifilament polyolefin yarns.

[0021] The methods of the disciosed invention are generally directed to a meit-
spinning yarn formation process. More particularly, the process utilized in forming the
disclosed yarns can include forming a molten composition inciuding a polyolefin,
extruding multiple (i.e., at least three) individual filaments of the composition at a
relatively low spinning rate, quenching the filaments in & liquic, forming a yarn
structure of the multiple individual filaments, and mechanically drawing the yam
structure while the sfructure 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



WO 2006/052559 PCT/US2005/039540 polypropylene, it should be

understood that other polyolefins can optionally be utilized in the

invention. For example, in one embodiment, the disclosed invention can
wee2\diretied to the formation of polyethylene or polybutylene?@UKERHIFTIE40

yarn. [0023] In addition, and for purposes of this disclosure, the term

polypropylene is intended to include any polymeric composition
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standard extrusion grade polypropylene resin possessing .
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polypropylene possessing an MFI between about 0.5 and about 25 can
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10025] One embodiment of the presently disclosed process generally 10 is
schematically lustrated in Figure 1. According to the iliustrated embodiment, a
polymeric compasition can be provided to an extruder apparatus 12. For example, in
ane embodiment, the polymeric composition can include polypropylene.

[0026] Generaily, any polypropylene sultable 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 exérusion 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 MF
between about 0.5 and about 25 can be ufllized. In one embodiment, the
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forming the multifilament yarn can have an MFI between about 1 and

about 15. [0027] In one embodiment, the polymeric composition provided
wio the/extssder apparatus 12 can include polypropylene andramusdestings4o

agent. According to this embodiment, the nucleating agent can generally

be any material that can provide nucleation sites for the polypropylene
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b%rgggx?i%ed to an extruder apparatus 12, In this particular embodiment, the
polypropylene component and the nucleating agent can be provided to the extruder
apparatus 12 either separately or together, as at an inlet 13. For example,
polypropylene and a nucleating agent can be provided {o the exiruder 12 either
sepakateiy 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. In 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 6,102,899 to

Cobb, Iit, 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



[0029] When included, the nucleating agent can generally be present in

the 6 WO 2006/052559 PCT/US2005/039540 mixture to be extruded in

an amount less than about 1 % by weight of the composition. For
wWexanilE23e nucleating agent can be present in the mixturd{FEAR2AMEGHH0

less than about 0.5% by weight. In one embodiment, the nucleating agent

can be present in the mixture in an amount between about 0.01 % by
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the like. In addition, additives can.be included in.the melt, or.in ,so
SRR, SoH BeoLP G Sk Gl AN g AN g Dized tra
eninshiaw b fibiee s efecoiborety ob trefdraved yarn, d3thgenadgifvradnat can be
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b8R8 .or optionally to the drawn yarn, as generally known in the art.

[0031] In one embodiment, the extruder apparatus 12 can be a melt spinning
apparatus as is generally known in the art. For example, the extruder apparatus 12
can include a mixing manifold 11 in which a compositien including one or more
polyolefins and any other desired additives can be mixed and heated to form a
moiten 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 betwesn 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



[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 7 WO 2.006/052559 PCTIGUS2005/039540 molten mixture
wenrbsd fittéPed to remove any fine particles from the mixtureRGEH&20fiHpGHO
between about 180 and about 360 gauge. [0033] Following formation of
the molten mixture, the mixture can be conveyed under pressure to the
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through multiple spinneret orifices to form multiple filaments 9. For
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use

UBSRLRIGRRIE IR ST b Al BT O R P AB by WRE FribrARe
elermRaNirsugAMething siiarsasteifidesdddotirerteniiide diimenét Briffear, instance,
e B e TS R B R ORIR e
spixtmastdcaofdtbinm bledwemtyhrerdiiu &b dvieiakegsrinteset orifices. For
p@ﬁ%@éﬁg%ﬁlﬁg%&m%&\%ﬁ%‘e BB s RMBeIREIL NS sed herein

nneret 14 can be heated to a temperature of between about 175C and
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distorted. The specific melt fr%ctur,e thr?%%lag& cgn general
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the spinneret orifices can be bstwesn about 0.002 inches and about 0.050 inches in
maximum cross-sectional distance.

[0035] According to the present invention, the polymer can be extruded through
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. [n 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 spinnerst
aperture size, as well as the exudate temperature. For example, when considering

the extruston of molten polypropytene through a spinneret of 8 round apertures 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
vibrawghsasspinneret of 8 round apertures of 8 WO 2006/052569/1:52005/039540

PCTIUS2005/039540 0.012-inch diameter each, melt fracture can occur

at a pump speed of between about 22 and about 24 revolutions/minute of
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again to Figure 1, following extrusion of the oI mer, the un- drawn
srielingAt ﬁfw@ﬁ@ﬁ@r%dhﬁ iy Buffoes aﬁai'@&?é&ézﬁﬂsjeaqfaﬂé‘ng*e fully
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wn in the art, polymers that are crystallized from
B to form a muitsf;lament fiber structure or fiber bundle 28. W ife not wishing o be

bound by any particular theory, it is believed that by extruding the filaments at a
refatively low spinline tension and high throughput combined with quenching the
polymeric filaments in a liquid bath, the presently disclosed process encourages the
formation of folded chain crystals in a highly disordered state in the polymer, which in
turn enables a high draw ratio o 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 s quenched. [n addition, polymers that



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
waciarsesesin turn related to the conditions that the polymerss subpotgos40
as it is quenched. In addition, polymers that 9 WO 2006/052559
PCT/US2005/039540 crystallize when in a highly oriented state tend to
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( quid bath 16 in which the filaments 9, cange O&J ng%eg %an be 118
e RIGRIFENINEIPERS BoRALY R IR GBI o 1oBRaR 1A AL I BKBWP 0
m;%beﬁét?/@tr@r@lﬁggblgnmméber ﬂt@)}@dﬁr?ﬂédtas isi@merhaﬂ};womm generally
In the art. In on odiment, In er tQ further encqur i rmation
PR (e e S et e DA
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rys ation temperature (T) of the polymer. For example, the bath can
%be% Itagpé@ Z[(I(%)‘"gl]'temperature of between about 50C and about
[0040] The liquid bath 18 in which the filamenis 9 can be quenched can be a

liquid in which the polymer is insoluble. For example, the liguid can be water,
sthylene glycol, or any other suitable ligquid as is generally known in the art. In one
embodiment, in order to further encourage the formation of folded chain crystals in the
flaments 9, the bath 16 can be heated. For example, the bath can be heated to a
temperature near the maximum crystallization temperature (To) of the polymer. For
axample, 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 18 can be avoided during the process.

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

10



130C. [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

wWE06656:44942] In one embodiment, quenching of the polymer-gan:begisssso
as soon as 10 WO 2006/052559 PCT/US2005/039540 possible following

exit from the spinneret, in order to encourage crystallization of the
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can be conveyed through bath 16 with a dwell time long enough so as
to ensif4edirpeterihth anst relyatrrruae Bt thealomeand fasaindividual

A SHRBRIRY MRRe ERReSIMS Ry theusivelitime obthenaierstltethtiterial in the
bath 16 can be between about 6 seconds and about 1 mi%gtgla%. {0044 At
1 ’

RAthd4r tRB sEutBRRRARIOHHR L BRBIGHIRE DRTERRS IS elgygeric
Higridi san Ledemaveddseathadiber fumts, 28z Thiss@proasderensdytiydormed
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etQSrﬁB%r, Pnuggclaeég%%rm%mﬁg dwell time of the material in the bath 16 can be
between about 6 seconds and about 1 minute. |

100441 At or near the location where the fiber bundle 28 exits the bath 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 bundie. 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] Iri 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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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
winiyaseansh the like. [0045] In one embodiment, a lubricant ean/beappleso
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

bricant can b b
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app'y %ﬁft@&&é‘ﬁéﬂﬁlﬁ dnenerprabogipreridlis @Wdﬁt@@ﬂ@r&c&é@ steps,

fib er e 28 can be drawn in an oven 43 heated to a tempe (%ture
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genera nown In the art. In anot odiment, ra r tha 1ZINg a
bao@wa?ssvtﬁ@nn%%pg%ww RO S at A A e g ea Rt Bout
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eated to a temperature of between about 120C and about
caB0@ heated to a temperature of between about 80°C and about 170°C. In another

embodimeant, the yarn can be drawn over a hotpiate heated to a similar temperature
(i.e., between about 80°C and about 1 70°C). In one embodiment, the oven, draw
rolls, hotplate, or any other suitable source of heat can be heated to a {emperature 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 atfainable in
previousiy knawn palyolefin 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 8. 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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[0047] According to the disclosed process, the multiflament 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

wRshlarpaijon processes. For example, the fiber bundle 28ga ke, siayweu
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 (ar only).draw,.can he
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ceRteRAY beutlizeddonerawdhe yeoth Pt Accdingriathienaily be utiized to
embodiment illustrated in Figure 1, following the yarn drawing step, the
dratRRR At yarn 30 can be cooled and wound on a take-up roll 40. In

other fomb@idimentsinhdwéve eradditioralt fifosestidgroF herg drfd@wiag b yarn
carried out. For ex le, i i if] r r
S LR PRI I e S e b o o
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temperature between about 10C and about 50C higher than the heatin
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108 2 doweraraningsatintharhiedisst awh Eolexagplem@isesbing second
draw can be carried out at a draw ratio_of less than 5. In q@ézéna???d?%gg%%"c
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draw can be carried out at a draw ratio of less than 5. In one embodiment, a second
draw can be carried out at a draw ratio of less than 3. In the case of muliiple draws,
the total draw ratio will be the product of each of the individual draws, thus a yarn first
drawn at a draw ratio of 3, and then subseguently drawn at a draw ratio of 2 will have
been subjected to a total draw ratio of 6.

[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 subjecied fo 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
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been subjected to a total draw ratio of 6. [00501 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

weeiieesradout 0.7 and about 1.3) and subjected to a temparatueahs/039540
between about 130C and about 150C 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, abqut 0.5 secongds. This temperature ca
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seogitifiEpneradush coarpaitRraative seveniimproteleme et RHBrE tiRNyBRhYam

c%ﬁ)rhgt??fél‘rtlcpErsge&%?gc%éﬁﬁniﬁe?wg%%?&%n%wé‘wmsed to
abric, for example. [0053] The polyolefin multiflament yarn of the present
fWERBERUHRHLREIEHG FMAD F3IRNRVEREP6F EEefWe@f?HH’(%t 0.5 denier

per filgmest and pbiguistRtHemiepent fament Benedsiallyyteicisciosgenerally
e TR D ST 81 A SR 58 RS e o
ficampareBdecsitiely ptesidisslpderomnliitdtiitennempeiydiefs pehighFienacity and
R e et A P e trence
snavasastenaeigddreatber, previously known multifitament polyolefin yarn. For
example, the disclosed multitilament yarn can have a tenacity greater than about 5
grams/denier. In one embodiment, the multifilament yarn can have a tenacity greater
than about 7 grams/denier. In addition, the multifilament yarn of the present invention
can have a high modulus, for example, greater than about 100 grams/denier. Inone
embodiment, the disclosed yarn can have a modulus greater than about 1235
grams/denier, for example, greater than about 150 grams/denier, or greater than
about 200 grams/denier.

| 10054] In addition, the disclosed yarn can exhibit reiatively 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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than about 7 grams/denier. 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
wo Becutsgreater than about 125 grams/denier, for examplergremterosos4o
than about 150 grams/denier, or greater than about 200 grams/denier.
[0054] In addition, the disclosed yarn can exhibit relatively low elongation

chara,cter tics. For exam the mut ent of the present
elf?RiE?ﬂR{h @ér?)@xrﬂ f%sglg??g %ﬂupel/a %lgqe (?Pl]ess than about 15%,
as mfmﬁﬁ]ema m@&%@mﬂ@@mentw&m&m@d&ﬁm&@ YASEEan a unique

t le abo %
e S S
yanzvenfwr@m el yeleyarecaRicieves by w@&%&% @@@ﬁ@ﬂ% s moleoar

oﬁ@@ﬁ@ﬂ%%f%ﬁ%@ B5:CBPSrSR 1 OlhesnBredasbakBang cE’EQMHtQ;HD(-rays

multifilament yarns. THere aré several widély accepted means b whic

AR ETRRTHERIBFNETISRRANGH 7P bPRERRIY FIINE spste dhe I o@Jantitaﬂve
HiBeBHsGAlRERGRI dighigns X-rayScakspibancexsgaswementangle X-ray

mechanlcal roperty analysis, and the like. Quantitative methods include
SHRlR ‘é"ﬁ %y scattering (WAXS), and small angle X-ray scattering
(SAX{S)JE{QPSQ&]OTIIQWWaﬂt&aﬂhmaﬁmmwmmmImaﬁwm;veé;sciosed

the disclosed multifiament |
G OB i e e g i e e GRERBH Gt lte or
nfilametits ofr theuyarnis mﬂm@eﬁhegﬁ@at@ntmaﬁ‘fa@daf%%@rg@@@mﬁwa’eaier

AR B%' /\ﬁ\g'fggﬁh AP @W@&@%&%ﬁn@qglﬂnﬁfﬂe‘é@é@@%ed

|gure e WAXS scattering pattern of a single filament pulled

bevow. aﬁ@fu%ﬁétﬁ@ﬂ@#iﬁ@rﬁﬂéﬁ%&%?@%\ﬁ’%@ﬁg%ﬁﬂypél‘%%fﬁégda single
ﬁl%ﬁﬂ%ﬂ%ﬁuI@@W&Wﬁuﬁmw&;ﬁ%ﬁ | a@:&dm@@ Exaphelessegtisisciosed

below) was extruded through a spinneret w

100
PIRERES draREIG RN YRINCHEF theE A B C%Sﬁg Gt £elov)
W@é&fﬂlﬁé@f’t%@gﬁ' hesgriawenatatin kgha ditfaladeniien Of 20 iyeard=9G0er each,

R R e e DA D e peiee b o
haa arfidal)feonar6d tHOQ(tmesdRiRGegiohmesr betternci Higieie8))entp the Figure,
w&{%sét !jmg pgggaixﬂel%gr%he VN 308933 AL A EomP P R B an be
26 from 10 to 30 and ¢ from 80 to 90 (ihe dark region near bottom of Figure 3), and
the crystalline region can be 26 from 10 to 30 and ¢ from -15 to 15 {including bright’
spots on the sides of Figure 3). Thus by integrating the x-ray scattering intensity in
the crystalline and amorphous reglons the crystallinity of the filament can be obtained

as

Ox-lal
(b

where: lx is the intensity in the crystaliine region and
Ia 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 struciures relating to the crystaliing form,
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spots on the sides of Figure 3). Thus by integrating the x-ray scattering
intensity in the crystalline and amorphous regions, the crystallinity of the
filament can be obtained as Lx- W (Ix) where: ix is the intensity in the
weryshairessegion and IA is the intensity in the amorphous regignJ&8054}dsue
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 Eigure 3. risingl
e b B S Tt o ) 8 S ang B hgears t
h2006H 2B RETHIS260EIE385A) totientaivs, tarite anowpPRssE ooy
cRRPSMNAIB OIS RIS AAEARRBAIAAAS hauR g true amorphous
gions at §|'|° bu appe%r to be composed entirely of crystalline regions

and HigfHYofentSchattrrmnshelia riFinae 10080} SIRRISHARIASIHIT to previously

kTR MQH@JW%%QJ@@%@FHEW%%% KPeWrmatiens; regions as

generally incltde alternating crystalline and amorphous regions as
iinsisetaabyrisigpsiol sFatatteamymish ety aHsaxissader rmpe,
PeXARoe RobpLepY ananibe ehd Seienssisid Teghnalg)Evbvidieekntific

Elsevier Scientific Publishing ny, 1982, pp. 192-203, which is
PRI Y rBRore o 6 O RESE LS cay g =ronce.)
THilizesitorehtaindbe tpagsnariodesptiting trebiesin thedeatinpanssiticeng between

regions. The ahsence.of thesge spots in Figure 4 indicates t Voo

O RITL SRR T 1 B SR O e TS ke Haclafes tha

aageamw@mi@fgiombémﬂyetmuaet@mm,@rﬂmtﬁlﬂ]‘@‘é@ﬂ%@ﬁﬁéﬂiaﬂﬁmi glectron

ddense QI%&W%@@BHBPQHE %F@'kﬂﬁs%o‘?ﬁ%@é&?a? gUReethRYNVBRBAted
ned wittrthe

combi pattern of Figure 3, which indicates that the

ammatrhhiovshatensity st isast eBosatheay e easrmtiaah i EioepKbHgsS pattern

- ofgginns of hadhustriaddiamemdnoabiednsoneistipidhe iduahhB%, it may be
oriented chains. [0060] In addition, the equatorial scatterllmgét

( , | ng in SAXS |
apauEes irbamannaseHiom Mdhaitatmtnnaiag i Qgéya%ﬂamfs of the
hRIgIeelsiiadl@Rgirigin streak away from the center in each direction. In

the '”t’oeo%tﬁﬁen?’ gr d?t’ic?ﬂn, f{g gjtglt.z%%r)rrigﬁ%aaqge?’irtwogErlgghexs patierns in general arises

from the center normal to the fiber axis and projects in a long, thin streak away from

the center in each direction. In the inventive yarns, and in further reference to Figure
4, these equatorial scattering streaks have amplified greatly, to the point that they are
more aptly described as “wings.” This equatorial scattering arises from fibrillation of
the crystalline segments into more ciearly defined needle-like assemblies. A long
equatorial streak arises from a high concentration of cylindrical, shish-type structures
in the yarn with the lamellae organized among or around the shishes, as “kabobs.”
These sireaks 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 fo meridional scattering intensity is high, but there remains strong density

contrast as indicated by the overall intensity.
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4, these equatorial scattering streaks have amplified greatly, to the point
that they are more aptly described as "wings." This equatorial scattering
arises from fibrillation of the crystalline segments into more clearly

wideinedsaesdle-like assemblies. A long equatorial streak arigseg {romaa3os40
high concentration of cylindrical, shish-type structures in the yarn with the
lamellae organized among or around the shishes as "kabobs." These

e LT AP R g oo

rfoaammg theen yervis SANES quset&naﬁemtmumra igjte dfsaneaitdisioniscsity to
Riihg Aasaily BPSRIHAe IRl I 51N Gidl AR EAHAIALSEALRE AN be
s strong such that t

e scattering ratio of equatorial to mefidional
gs@a‘wérﬁhmmm |sTh@ﬁ18@ﬂ@ﬂEﬁeF@!’i’é‘ﬁ%m§ stissiepaenatpscamieane@lly exhinit

Eg;ﬁ%{?&ig}’ e ayeralldntansity.ohe WQZ00RA32EB8 Ut 0.4 to about 1.0 and ¢

S2005/039540 [O 62] In general, the filaments forming the
froroltfilav &t irnabowf 1RE presEatimisnticidedn ABYE! SARGero ¢ being parallel to

tr?Qg&%ﬁt%ﬁ}l&%&‘é‘%‘mlé‘%r%ﬁ%qc??@%@t&’j A {rieARIbA en 8 RIIdenah exhivit a

inténsity of greater than about 1.0. Tn oné embodiment, this ratio can be

mpadtnaliateapbutrieaReeR Sivensref Rty aee aiel<ed gashabea 1.0 and ¢ from
a%‘a(}'?fad!yt‘a%ﬁz Gl %HH"#BH%EEEWEM itagrRieg4rom 2 0 of between

about 0.4 to about 1.0 and m from about 60 to about 120 and from abou

240 t¢MR5RUTIG0seleras mawiiisanamns Pely alefara st ‘?/%’Ptf%%lbﬁ“ef‘c'a”y utilized
;ﬁ%t{ﬁiﬁ\/fl@ ;Btﬂdéw:;%g ﬁom?am?gtfmwm@@wmm%nam% the
Intensity integrated 1ro or pefween an
e e o i N e MY
sdisidased muﬂaﬁlammrpoawwmmmm@mnﬁmmm inor example,
licatians. F r m h t t th
A B RS, (TR e the AR SRE L anerall By & e
ramyommmatummmimlearmqirw@mlymwm,munnmﬁmcbmyatefmlowmg
%ﬁ@%ﬁml%@ﬂ@&?ﬁm@)&%@ he Yelesedons satbsses, the

eneﬁlma y utilized as reinforcement material in"a matrix. For example, in
Yorie eaniwsieEinT RNeRRIGIfePraatorPermiiRia AR AS A ANRTgEsRment material

WRecsing t?épﬁwg@ﬁ't%etﬂepFﬁﬁﬁmem%r%@cﬁ%ﬂeb&@éﬁhﬂﬂ%?ﬁﬁﬁﬁ@@n be

SO as to be suitable for use as a reinforcement material in a r% trix. F

oheeasce il aetiflaicasc Al sriee e IR RR AR T Kriown n the art

As the multifilament yams are processed in order to form the disclosed reinforcement
materials, the multifilament varns 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 bacome 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 muiltifilament yarns. For
example, the reinforcement materials of ihe present invention can generally be less
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chopped, fibrillated, flattened or otherwise deformed as is generally known
in the art. As the multifilament yarns are processed in order to form the
disclosed reinforcement materials, the multifilament yarns can not only be

wehaenedsgdeformed, abraded, and the like, but in additionptheysze0s/039340
multifilament yarns can become shredded. That is, during processing,

individual filaments of the yarns can become separated from one another
|n formin sclozed reinforcement m terlal 006 é ccordln

i P RS EER ? @re’?: %d PR FE PR aterials can
bmmﬂlﬁiarﬁm{mﬁd szftheehsnlta&;lfydmmstapamd:eﬂarthae atedufotdenteint length,

matey %’ Bhen res&é‘ ttf?&‘a’ ?eﬁw?%gg}ﬂé%wg?e% 81eﬁj)e J&%’@é& 1%%14%:1 can

degr arns as herem descr n genera e reinforcement
bmamiarm:aﬂtmamwmelmtembmb|eﬁ@ﬁ\§aﬁ\tﬁe, R ifAniaRtiggnig bber, or

hﬁ?‘rdﬁ QiuiRdiidual flamentidbatibaveRermsvessedhafbehiredormetcrote,

ifilament yarns. For example, the relnforcement materlals of the

YeRRI GAEHHS 201 B IR RNy BB SCONOIRHS ZBETeBeRmPosItions, cement-
oBSH HIRR0SHA A b AR BRCIES in length. In one embodlment

the reinforcement materials can be less than about, 3 |3i 5 in length

instarl@85R<8 (4 HBBRE TR eI §Bb BB BRI R SHase yams can be
maﬁﬁ@mm%m&taea@s@émerdﬁwmﬁd iimvyemtion catohaargmindedisvittiuding

e matrix 5‘6‘@3& éﬁsﬁ%%@':% a %%sg%%s asp nalt, pla %‘T"E\r}ljcpubsiy knewn {nult filament

itioRg Inglu Ing ready-mix o
pobmeéteymoﬁqr enacTeis, mmmwddmmmdwuﬁé@@ypwmmg ropes,
ifi f |
STRMRTR SRS AR Uam aclog O RERp At 8 Ut o roses

repiinbdatuithe oprbeedsadanddoe dkary larpiiaiian ther&ﬁmfgeeeéaﬁkﬁlé}@ment
yRFRGYGts %meet%@rﬂ%?ﬁ%@aé ULHR PAS ARVR BRI IRHMEERY known

previous O{ known multifilament polyolefin yarns. For example, the

t%ﬁ%i‘ﬁ% NefrhaThReseUsRBuile e%ﬁh%mcﬂsegioaﬁa m%'a ePhekioven
riahfitsseshasimapbe found impraghinstysheliorifnses of asding:bidutas yams,

geotextiles, and the like. ar cular disclgosed m Itlf me arn
AR <A RS T T e H A DS DR L5 e Yo,
sbﬁlomde;@ep@??ﬁmmmmmmgjﬁwi'rrvmmrmsemmmpremousiy knpered
olyolefin,.multifilament, yarn r
RS ST DA DY O AL ROeH B8 ks omos
ofemwmeﬁmhemmgédlmagt polyolefin yarns.
The inveniion may be better understood with reference to the following

Example.

Example

[0087] Yarn samples were formed on system similar to that illustrated in Figure
1. In particular, the system included a % inch, 24:1 single screw exiruder with thres
temperature zones, a head with a melt pump and spinneret, a liquid quench tank {40
inch length), with twe 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@ windet.

[0068] Materials utiiized in forming the yarns included Atofina® 3462, a
polypropylene homopolymer with a melt flow index of 3.7 and Afofina® 3281, a
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secondary products formed utilizing the inventive yarns can provide

improved characteristics, such as strength and tenacity, as compared to

similar products formed of previously known multifilament polyolefin
wyaiaig/oEfgdnvention may be better understood with referenge-ta:thens/zos40

following Example. Example [0067] Yarn samples were formed on

system similar to that iIIustrated in Figure 1. In particular, the system

luded a 3/ inch, 24:1 truder wit

SR R QYRR S AT o T B I (g

Amﬁ’mngmx:mﬂem«oanejlms iof tHeuatuk,  ¥acaddvarecesnistabipsteicating
finish...applicator. thre

R S A R A o

1 this! ypadypreipged sAhofinapo 3462 arqj@mapy@@wmﬁgd@mﬁr@mmqatm

S fapbdex 3034 AR TRRL RS B ORA%ZRRR flow index of 12

005 polypropylené homopolymer with a melt flow index

(eiiabipderavaiabiasiss HTopmen PEtochemicals, Inc. of Houston,

TX), FABREN BN, TUEeSIR: f@gﬁat@@mﬁm §p§¢lfﬂfﬁ$€9bént
Millad(r) 3988 (3 4- dlmethyl dibenz gﬂdlene‘rﬁorbl ina 12 MF

SR OB RITORAHIEL AR ot SRR BEU T e and the foa
m@@iﬂ%@?@m SatiaGireletit3 addbA)n and mgtyehglenadretiapelyein inches,

h | f12 f TDL.PI
BOB TUBIEL Aaaab PR Mo e e pariR el Y, the
rd&emﬁe&amﬁlwmmahmmmmahmmmb&(mcmmrﬁ@mﬁéﬁlﬁﬁyrﬂlérambﬂ'@nd
thoe olgl, wel e O‘T";FP‘ el Opgpa%%@&l}aé(?ﬁ% e SPiIEResSided in a

e sizeinin thetotal num ments extr

1 %pemw@%emmmmt@r@bwﬁqugcﬁ%ﬁééhg SR ME Hﬁa@évm@pylene
hEﬁ‘Hﬁ niignitakdraw-ratia) (Ralai ol ihoaBd HigpkeimRar aleiel Aeamount of a

drawing oven. In addition, as the nucleatlng agent |3/Prowded ina 10%

nesleaiingA8EibalEsNGIuAR ROARIHRY g 1R HT Rgkpropylene
heﬁ{wwﬂéﬂﬁahpmg@@lyé@ﬁm@ m@m@dmweatgmfmm@mm@ﬁ #aat

include an amount of atjn will also i e an nt of
AP AT DI TP U B b AoHLH G TEYra Soer, 1.8
weyaninle: asEAp imcisvistedrasnopolymer used in forming the 10% nucleating
agent composition, and 98 wi% of the FINA 34682 3.7 MFI polypropylene
homopolymer.

Table 1
Spinneret | Water Oven

Sample Material Hole Size! # Fils | Temp [Roll 1 [Roll 2 1 Refi 31 DR T

inches # C  |m/minim/minim/min °C
A Fina 3462 .04 1 25 113 100 110 8.7 120
B Fing 3462/0.2% Millad 0.04 1 25 8 123 123 154 140
C Fina 3462/0.2% Millad 0.027 17, 25 B 30 300 8.0 120
D Fina 3482/0.2% Milad 0.027 17 25 5 37.5 37.5 7.8 150
£ Fing 3462/0.25% Millad 0.018 1 25 108 135 135 12.9 130
F Fina 3462/0.25% Millad 0.018 8 25 9 85 85 94 130
G Fing 3462/0.25% Millad 0.018 8 25 B 85 85 142 130
H Fina 3462/0.25% Millad . 0.012 g 25 875 85 85 87 130
| Fina 3462/0.25% Millad 0.012 8 25 9.5 85 85 8.9 130
J Fina 3462/(,20% Millad 0.012 8 25 8 85 85 10.6 130
K Fina 3462/0.20% Millad 0.012 8 25 6.25 85 85 13.6 130
L Fing 3462/0.20% Millad 0.012 g 25 55 85 85 158.85 130
M Fina 3462/0.20% Millad 0.012 & 25 85 85 85 155 130
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containing FINA 3462/0.2% Millad will contain 0.2 wt% of the nucleating

agent, 1.8 wt% of the 12 MFI polypropylene homopolymer used in

forming the 10% nucleating agent composition, and 98 wt% of the FINA
wodhasdstINE| polypropylene homopolymer. Table | Spinnesat§\éaie%o39540

Oven Sam le Material Hole Size # Fils Temp Roll 1i Roll 2 Roll 3DR T

inches # C m/min m/min m/min C Fina 3462 0.04 1 25 11.3 100 110 9.7

12013 Lina Q/IR’)/!‘\ 204 I\II Iad 0-04-1-25-8-123-123 "_;4 140-C inr\
w2 DBl 2% Willan 4 o o D20 RS TS 5T BE e BB L 130
DA L Tl ok A 08 - N Gl
> Oz i,t.J. 432 6,2\0%‘1 jfd DUOIE_}EIHG +04/85/5”/0 é/lllla% .U.Iag I Sl 130
;ﬁ%‘;%ﬁ ok s T FINE g@6270. 2% VilladsG4 18 §,25 985189 9-4130
=~ 130 B, FNa34b2/5 e Milled Q.64 8 25 6 863 85514 2L I3Gs s 120
< 346202596 Vilkad, %4012 8 25 S hB85 8=9.7 380 fisp 3462/0.25% bhlled: a0
70.012:82226952BbA16%i 8.9, 130.0dF-ins 846242, 2@%sMillee 0.0d4=2 828 8 145
U85 85iha. 84 30.2ReHins3462/0. 209%2Milladl 0.082 8 25 6.25485 85138513050
VL Fingis620.20% Niliied 0.01230.0825 5.8 85 85 155 13(B4M F 18.8] 140
V3462002096 NIZH Bisto 8 s 08tk 85:815_ 1750 _108N08006i352850 140

D Q k
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X PCT/Es0ti84/039540..N_ Eine e 8 i ld 0812 $95 585 d647 o/30
Y130 Hn8iAEP3462/0.2006 Milled BB 5 55 6 881 889400 Pridas 140
Z"2/I6:’) har%?@ HIEY. WaWalk kol =9 = = CDCQZ’EZOE 1& 2 1%5 AZS Bna 'g r\nnss fa 9-0 140
AR ERa-Be8 L sTe 12 MELBE . 00ia, 8 75 < 5.~ B4 e 130
BE oo "Llu N YT 0V PRI N XL P A I - N 8 Gl 1
C O a%‘éé1 ?zm c.dju 3 I‘I[IS}OQ‘Q Zl .g.U‘VO-}\‘_!,IIIQ%éJ.UJ.éA:t 6%@%4 140
Dg5 0= Ne,3AR<40-20% Villgd U.01 8 8Z4.75,84 851795145 30 140
=Eine #ﬂ@é@hmmwuﬁg 0.012 882 #.6 841 8548.5 1p0 kins 3281£02% 140

cMIeEROIR BumALad 8518.9340 8 75 4 84 85 213 149
GG [Fina 3281/0.2% Millad 0.012 8 75 5 84 85 17.00 140
HH . Fina 3281/0.2% Millad 0.012 8 75 478 84 85 179 140
T Fina 3281/0.2% Millad 0008 200 78 428 84 85 200 140
" Fina 32681/0.2% Millad pood 200 78 55 84 8y 158 150
KK Fina 3281/0.2% Millad 0.008 20| 78 425 84  8f 200 140

[0070] Following formation, the samples were tested for a number of physical
properties including denier, denier per filament, elongation, tenacity, modulus, and
toughness, all according to ASTM D2256-02, previously incorporated by reference.

Results are shown below in Table 2.

Table 2
Sample Material Denier | Denffil | Elong Ten Maod Tuff
g/8000 mg/2000 m Y g/d gid a/d
A Fina 3462 302 302 24 52 | 60
B Fina 3462/0.2% Millad 282 292 4] 5.6 107
C Fina 3462/0.2% Miliad 1300 76 21 8.5 B0
D Fina 3462/0.2% Millad 1414 83 16 4.2 43
= Fina 3462/0.25% Millad 83 63 10 7.8 125
F Fing 3462/0.25% Millad - 283 37 22 B.5
G Fina 3462/0.25% Millad 532 67 11.7 10.4 173
H Fina 34562/0.25% Millad 250 28 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 18.0 2.0 108
K Fing 3462/0.20% Millad 318 40 8.1 8.4 154
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W Fina 3281/ 0.2% Milled 0.012 8 75 4.5 84 851 18.9 140 Fine 3281

0.012 8 751 6 84 85 14.2 130 Y Fine 3281 0.012 8 75 4.5 84 85 18.9 140

Fine 3281 0.012 8 751 4.25 8 85 20.0 140 Fina 3281w/ 5% 12 MFI PE
wO.0ib2/B32454 5 84 85 17.0 130 BB Fine 3281/0.2% Milled 0 BA2@AH#7B40

84 85 17.9 150 CC Fina 3281/0.2% Milled 0.012 8 75 4.25 84 85 20.0

140 DD Fins 3281/0.2% Milled 0.012 8 75 84 85 21.3, 140 EE Fine

32810:29% Willed 0:012-8-751 84 85243140~ Fine-3281/0-2% Milted
- 01 F 815242 0g 6a ﬂi‘% 0382 Find3284/6 5 MikST-6-01 2 L7558
Mgg 3 JRe A0 200 Milad e o 480 iy 3 koA 75 4 781185195 olrag
Npy Filbdie38020-200 Wik d?j 6 0080675 225 i B o0r0-LAR Wi s
03081 @%%igé‘c 2% Bls e 7 5L o 55055 1%3;4?(#( %L‘; 3:>8f('ﬁ20 5
Zu"v’!iﬂec__ma é’feé/hfgﬁﬁ . [ég;l' 85 2)?5)0 ] LI-U5|_,PUI T |§ o) g rgr d[i%% ugi
Rjaf:“: &S é;é?%%%@%ﬁ?—mﬂ%’ip'%m' PIQpeTties éncualng d ;
aetit —”%ﬁé‘i{hﬁh‘*/p lh,ﬁ ati ”3é acity, dIIU IUII?,IA?OB.I d g)ygrihess af

S .

TiLLUIL ys%fh?éd% ﬁﬁagt” :ﬁ?w usglln orpbgga_[ d Q%{QT rew
Resulty 21 DR e ™ 12D 2 TapIe 2 SaRne MAeal Dgpjer
yDEM T L IO L ERT IV |l§ 1T _/U%Hé) 91L900U M 74 g/ /0g/dl Finasg4bd SUZ
&n 2RV B mA0210 2% Millad 292 292:8 5.9 TQ% CFings
2 y@?@égﬁluaa 1300 7621 %1 00 [Fine 3a670.2% Milled I414183; 75
A3 sEgiina 346210:25% Milaq 63;63 10 457125 Tmhine 3462/01250%:
ZMad:gI3 544 2278.5G Fine 346410.25% Millad §32 6/ klg/ 10.445/3 | Hp g6
EINe BAR2{0: 7o R HUARFZER Z6:156.9 B4} 100 | Ef€|3462/0.25% Milled
0L 2PitA8sf & WIRES 3462/0:20% Millad|222 28 15.6.9.0 10859 | o062

cc Fina 3281/0.2% Millag 287 36 §.8 8.9 181 0.58
DD Fina 3281/0.2% Millad 265 33 89 10.4 203 _(1.68
EE Fina 3281/0.2% Millad 364 48 8.1 8.1 178 0.61
Fr Fina 3281/0.2% Millad 403 50 8.5 8.5 181 0.41
GG Fina 3281/0.2% Millad 356 45 8.4 10.3 200 0.80
HH |Fina 3281/0.2% Miliad 375 47 © 83 8.8 203 0.39
i Fina 3281/0.2% Millad 396 20 5.4 8.3 178 0.48
JJ Fina 3281/0.2% Milad 589 28 8.6 8.2 166 0.65
KK Fina 3281/0.2% Mitlad 423 21 8.1 7.8 178 047

X-rav Scaitering Analysis

[0071] The samples were studied by small angle x-ray scattering (SAXS). The
SAXS data were coliected an 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 hoider, 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 foliows: 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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K Fins 3462/0.20% Milled 316 40 9.1 8.4 154 20 WO 2006/052559

PCT/US2005/039540 L Fine 3462/0.20% Millad 362 45 8.9 8.8 159 M

Fine 3462/0.20% Millad 420 53 11.2 9.6 146 N Fine 3462/0.20% Milled
waSbdaPskes4 10.5 171 0 Fine 3462/0.20% Milled 287 57 11 .BcG#4ishdds/i3o540

Fine 3462/0.20% Milled 276 55 9.2 7.7 132 Q Fine 3462/0.20% Milled

406 51 9.3 11.6 207 R Fine 3462/0.20% Millad 369 46t 14,0 8.2 S Fine

62/0.20% Milled 4084T 62/0.20% -Killed 345 4
R e e T SRS RRIOA AU R B e hour.
TWileicha53iddaT BatnIrEateY Wiin o280 RY4Ndiliedes 58 456 190aRa3
Fine 112,593 5 Y Fine 3281 301 38 10.7 10.3 160
agesa SED @f‘&%ﬁ% ‘?%é%é%gs 0.66 AA Fine 3281w/ 5% 12 MFI PE
328 4007418 @ eEyEIneBibe1soatitsadiiria sty dipbitgierBstel ¢5°) into the

e

thm:@t@xmem@ GRHANS; BN MAMBEIRIS SR eTNg tegipnointearate i 2 6 of
b%@%g%?{a&gﬂgiz §%%é&‘x% 4 205 %@&ﬁe@%dﬂ@ﬁ@%&ﬁlﬁ@%w&ﬁ about 240

39 Il Fins 3 81/0 2% Milled 396 20 6.4 8.3 178 0.46
taJaﬂauasgzazMQ%uﬂinedaaeﬁlagcgihegyarmﬁer%stq%iﬁﬂﬁﬁ@@@s@/(ﬁz%‘fhe

merlaeonglz sc%’?te?fé% g]rgg ¥r§fﬁa§t@r%’éﬂ@¥ﬂ%%¥bh@fﬁj about 1.0

amples were's sma ang e X-ray scattering (SAXS). The SA
adauammmueaea m%@ruﬁ@mcksqm abtison] X0i&0) aestatddull qmr@ounts

were summed for each of the two regions and the ratio calculated and tabulated for

each sample in Table 3, below.

Table 3
Meridional | Equatorial | Equatorial/
Sample Matertal Scaftering | Scatlering | Meridional
counts counts

A Fina 3462 150499 18174 0.12
B Fina 3482/0.2% Millad 83716 203818 3.51
C Fina 3462/0.2% Millad 125348 20722 017
D Fina 3462/0.2% Milad 169657 37642 (.22
E Fina 3462/0.256% Millad 57067 285606 4.85
F Fina 3462/0.25% Millad 28192 23494 (.83
G Fina 3462/0.25% Miliad 34164 182207 5.33
i Fina 3462/0.25% Millad 14203 115086 0.81
i Fina 3462/0.25% Millad 21722 17758 0.82
. [Fina 3462/0.20% Miilad 36264 74971 2.07
K Fina 3462/0.20% Millad 82734 662846 8.01
L. Fina 3462/0.20% Millad 47815 175599 3.87
M Fina 3462/0.20% Millad 53247 323138 8.07
N Fina 3462/0.20% Milad 80254 581719 8.28
O Fina 3462/0.20% Millad 52212 313477 6.00
P Fina 3462/0.20% Miilad 57344 3654587 8.37
Q Fina 3462/0.20% Millad 107220 401479 3.74
R Fina 3462/0.20% Millad 40419 52163 1.46
S Fina 3482/.20% Millad 48712 106876 2.18
T Fina 3462/0.20% Millad 48098 153474 3.13
U Fina 3462/0.20% Millad 85489 216907 3.22
n Fina 3281/ 0.2% Miliad 54222 220058 4.08
W Fina 3281/ 0.2% Millad 43058 257097 5.97
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detector placed at a distance of 105.45 cm from the sample in an
Anton-Paar vacuum, X-rays (R,=0.154178 nm) were generated with a
MacScience rotating anode (40 kV, 40 mA) and focused through three
wpinh@les:tesa size of 0.2 mm. The entire system (generator pdetestons/ 639546
beampath, sample holder, and software) is commercially available as a
single unit from Bruker AXS. The detector was calibrated per
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scattering wings in the equatorial direction provides the desired crystal structures that
impart the properties of high tenacity and high modulus found in the muliiflament

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
nossivle in the exemplary embodiments without materially depariing from the novel
teachings and advantages of this invention. Accordingly, all such modificalions are
intended to be included within the scope of this invention that is defined in the
following claims and all eguivalents thereto. Further, it is recognized that many
embodiments may be conceived that do not achieve all of the advantages of some
embodiments, yet the absence of a particular advantage shall not be construed fo
necessarily mean that such an embodiment is outside the scope of the present

invention.
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E IFine 3462/0.25% Millad 57067 265606 4.65 F Fine 3462/0.25% Milled

28192 23494 0.83 G Fina 3462/0.25% Milled 34164 182207 5.33 H Fina
3462/0.25% Millad 14203 11505 0.81 | Fine 3462/0.25% Milled 21722

17758 0.82 J Fina 3462/0.20% Milled 36264 74971 2.07 K Fine

\HAE1 028V Millag 82734 662846 8.01 L Fina 3462/0.20% Millad 47815
175599 3.6/ M Fina 3462/0.20% Milled 53247 323136 6.07 N Fina
'B462/0.20% MRz sarsplisNgs.29 O Fine 346210.20% Milled 52212
313477 6.00 R Fina,346 oM 3054676 i

3462/0.20% n)ﬁ)ned ?07&2%94%%2 gﬂ gﬁ’% gg Fina 3462/0?2%&‘%36, at least one
PeovRlef8Y163[ 1.46 is Fina 3462/0.20% Millad 48712 1068761 2.19 T

Fine 346210.20%h Miflgd ﬂ%)g%éﬁéémgél%%e\*ld:'% BRfAP%Mlige  multiple
65459 210907 3.22 Fine 3281/ 0.2% Milled 54222 220056 4.06 Fine
osifigesdeipminertiieddamentsrof te polvis o oernBoskion;

PCT/US2005/838R1; FE91383¢ 1PE6RAAI25. 04. Y Fine. 3281 Z
Fine 3281 Fine 3281w/ 5% 12 MFI PE BB Fine 3281/0.2% Milled CC Fine

3281/0.2% FAllgatDe Pmdianeantsio.fimea mpliiantsnt iebynde; and

Milled 5102647458 M3t e 3RBHOAMMilied 43824 181345344 than 6
GG Fine 3281/0.2% Milled 49382 282585 5.72 HH Fine 3281/0.2% Milled

ondorm sudsaws AnliifEareesigy A ovhsied stheo dudidismentshidgr bundie is

BRSPS 20 2aMiliedhe? Badtl 897 b K KRN At /Bhd% Millkdween 80°C
46881 203281 4.34 [0074] As can be seen with reference to Table

3, .
anlid % Gisaisk e rigiaraideash ansomsrik ety hae & Rt rEequatorial
ipkaHenngrabiedaRBIbete MaYdeRalter than 3.0 according to SAXS measuring

techniques.
2. The method of claim 1, wherein the polymeric composition

comprises at least two polyolefins.

3. The method of claim 1 or 2, wherein the polyolefin is a
polypropylene,
4, The method of claim 3, wherein the polypropylene has a melt flow

index of between 0.2 and 50.

5. The method of any one of the preceding claims, wherein each
orifice defines a maximum cross-section of between 0.002 inches and 0.050
inches.

6. The method of any one of the preceding claims, wherein the
fitaments are extruded at a rate of between 1 meter per minute and 25 meters per
minute.

The method of any one of the preceding claims, in which the liquid bath is
heated.
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scattering and equatorial scattering, the meridional scattering is low

compared to the highly unique strong equatorial scattering giving rise to a

high ratio of equatorial scattering to meridional scattering. At the very

least, then, the presence of intense scattering wings in the equatorial

direction provides the desired crystal structures that impart the properties

of high tenacity and high modulus found in the multiflament yarns. [0075]

It will be appreciated that the foregoing examples, given for purposes of
ilgstidtormeathotbtdd baycanstrusfdtas liprsirering sdapexf Wik miertien extruded

.Although_ only a few exemplar bodimenis of this.jnvention have be I
R AR LEET 0 e 1 OLE SRHIGA TR It S Fadlly S AETgs the fauid
btithtbeany wibdhfittatidixtaree pdshdbidiansthellexemplary embodiments
withgut materially departing from the novel. teachings and advantages o .
1 PHBATBHIGR: 2o SR, RIBE B e, HISHAEL e ptoer bundle s
drevdedilvitindheosesperofithis irvilzntieattdthtics ddtngrbizthe foflbatwgen 80°C
adr%iq%ﬁ%d all equivalents thereto. Further, it is recognized that many
Kfbdaiments may be conceived that do not achieve all of the advantages
oft Sormkeemitbditneheny etrbecalise nme cddparticutes  atkersagdhehdiaw ratio is

.n%%%g%ﬁgtru%%to necessarily mean that such an embodiment is outside
HRe scope grthe present invention. 23 WHAT IS CLAIMED IS; 1. A

ntethdcheomeghisid gffamicga ofelbedipebears campositioareonthasdrgwtratio is
Igg?tecr)r%ﬁaﬁqllﬁoleﬁn; extruding the melted polymeric composition through
S 1 Iple orifices to form multiple filaments of the polymeric composition;
gdéndhiagrbthiidmieaty inreliglide atecediegtrigithe filathentsoimfosmg drawing

Wul&ifilament filg?r bungdle:; and drawin% the m Itifilar'r%ﬁnt fiber %undle with_ .
the drawn, mulli |a{metﬂ aén a second fime. w gﬁm etsecon ?l]raw.ra 10 is less
a draw ratio greater tha to form a drawn multifilament yarn, wherein

tﬁaa_fut‘ndti’fiitailmanimmbundle is drawn while heated, the heat source
ond of e TRl B e Bt s MR RFlsing near
satingithgdraten thraiti@laracobnding. to SAXS measuring

14. The method of any one of the preceding claims, 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 1 and 10.
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techniques. 2. The method of claim 1, wherein the polymeric composition
comprises at least two polyolefins. 3. The method of claim 1 or 2, wherein
the polyolefin is a polypropylene, 4. The method of claim 3, wherein the
polypropylene has a melt flow index of between 0.2 and 50. 5. The
method of any one of the preceding claims, wherein each orifice defines a
maximum cross-section of between 0.002 inches and 0.050 inches. 6. _

15. Tike regterroPhrgrunenss BidhrceaffgibmiriainmErERenheomaniing ireing a

secorfIdrydsS Al rale R REWERE LIBRISTREIMIME RS A MEl’SBRtary product

minute. The method of any one of the preceding claims, in which the liquid
beingiglererdaas tha grotieGARRINer ANy B?%eoﬁtﬁ@ﬁﬁébé@ﬂﬁ@ cHlIfhg nonwoven
fabricwherein the extruded filaments each describe a die swell adjacent to the
orifice, the surface of the liquid bath being within the distance of the die
16 siyanethorchaf iRstABg 6 BRITh¥ 3L ERAMREG RS, wherein the fiber

bundle isoeiane diilkinga TKﬁr?e\éF c9|r@dﬁ‘fﬁﬂ&ﬁsﬁt%ﬁ%éﬁ@pﬁ?#I%ngylene

between 80C and 170C. 1 method of any one of the prece

having gimetflevdnome i agi e i2 a%n 6 and 25. 11. The method of

any one gk {hRi e ¢88 I R REIMD| @F%%M&@Wtﬁ@t{ﬁr@u% eRighidlamrifices at
10. 12. The method of any one of the precedi ég[clalms further com&rlsmg

a fat%r%fm’ﬂ?é“&%%ﬂa\ﬁ}??ﬁblﬁﬁ%ﬁﬁé?ﬂt%ﬁf‘ﬁ SEC OB BFRP WhEHEHithEs AU tiple

filameHansraHe @@ﬁ@eﬁmmaggg@{aw ratio. 13. The method of any one of
the preceding claims, further comprlsmg heat setting the drawn

nfHenaHesThafianentdReesdEst ligiibRE®r the preceding claims,
whsredtitheireliguiiesed filaments to form a multifilament fiber bundie,

applying a lubricant to the fiber bundie and
drawing the multifilament fiber bundie with a draw ratio greater than 6 to form
a drawn multifilament yarn, wherein the multifilament fiber bundle is drawn while
heated, the heat source being at a temperature of between 80°C and 170°C
17. The method of claim 16 wherein each orifice defines a maximum cross-section
of between 0 002 inches and 0 050 inches
18. The method of claim 16 or 17, in which the liguid bath is heated fo a
temperature of between 50°C and 130°C.
19. The method of any one of claims 16 to 18, wherein the fiber bundle is drawn

utitizing an oven or draw rolls heated tc a temperature of between 80°C and 170°C
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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 1 and 10. 25 15. The method of any one of the
preceding claims further comprising forming a secondary product
comprising the drawn multifilament yarn, the secondary product being
selected from the group consisting of a rope, a woven fabric, and a

20 Jdswardhotpfi@ny oRenekiRRIBP AR g & MNERiMiDS JakPBhipRshgximum

cross{oERIne & NeRHR% BRI METicCoiRAsItionfRRMBISIRE: 2 PalvipioRyletess-sectional
having a melt flow index of between 2 and 50 , extruding the melted

dimensigmlibe SRy tigmenbesiyAgridiebrihat odtics iakrsemdéand 10

21 MEtgFRek MNKiRaRd ASyEmeteisashismauie federhraultipenélag esds®filament
the polymeric composition. quenching the filaments in a heatedlli%%id bath

includig-myMEBLEREHRRPMSRBIRERG RN £ HERMA MR REABRHrams/2000
meter@Pphangradbreatiiarkefiparburdie gnskdrawhagithemuifdamenidibergreater

bundle with a draw ratio Ereater than 6 to form a drawn ml]JItifiIament

than By g hEindFRMALMHEIBRI e BIR dRAY Waiin R aEEG2IRE than 40

gram$)gahsauierdreingaat kiempaearearnd BiriweensSposaedseigrédtdihthan about
method of claim 16 Wher@iﬁgch orifice defin?f,ﬁa maximum cross-section

80% qypialiBER BF68XIReHSs FRPRIURE B R thod of claim 16 or

22 Thdndvaieh theilifilbtheath yadeateditora 2empeisiuie ohbeaeema9G tenacity
and 130C. 19. Tagﬂmethod of any one of claims 16 to 18, wherein the fiber
greatef (AR R YW ARISihg an oven or draw rolls heated to a temperature of

23baheearabdCranmifiZaen2 20 Uiecmethad of &y, eneetielamshffdmédt has a

. Wherein the ratip of the Imum cross-sectional di ion of a single
denieh GO RSB (i GATIP LU0 S0 AN Ar 1ok G S0 eI Rament

24extrglettdam thatibiicens betwesihdngndrkD .ol 1claishave moltfiaméetein the

| n ,comr‘g)rﬁlinlg)ﬁt least three filaments, each filament including a
po yo%%ﬁ%?eﬂ SHE éﬂeﬁﬂgment having a denier of less than 300 grams/9000

25. The drawn multifilament yarn of any one of claims 21 to 24, wherein the yamn
has a modulus greater than 100 grams/denier.

26. The drawn multifilament yarn of any one of claims 21 o 25, wherein the yam
has a modulus greater than 150 grams/denier,

27. The drawn multifilament yarn of any one of claims 21 to 26, wherein the yarn
has a tenacity greater than 7 grams/denier.

28. The drawn multifilament yarn of any one of claims 21 to 27, wherein the yarn
exhibits an elongation of less than 10%,

29. The drawn multifilament yarn of any one of claims 21 to 28, wherein at least

one of the filaments
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meters, the drawn multiflament yarn having been drawn at a draw ratio of
greater than 6 and the drawn multifilament yarn having a modulus greater
than 40 grams/denier wherein at least one of the filaments possesses
greater than about 80% crystallinity according to WAXS measuring
techniques. 22.The drawn multifilament yarn of claim 21, wherein the yarn
has a tenacity greater than 5 grams/denier. 23. The drawn multifilament
yarn of claim 21 or 22, wherein each filament has a denier of between 0.5

has agaiRh Goy At RIS 00 19 PREGRILR iNkteRILATSRE dRgn! -0 according to

SAXInéHdamentearniglagy one of claims 21 to 23, wherein the polyolefin is
a polypropylene. 25, The drawn multifilament yarn of any one_of claims 21

3 2AsdaMh LA RS R IR RILANY Geaief #ia glarRe/adisEsnat least
one of RBdfyRahtdtiitlaMmenayarof damtons aliclang &l ielaovieisiensiey greater

am has a modulus greater than 150 grams/denier, 27. The drawn

than &) RifeQriing §9rﬁ%§ﬁ?%@%‘8ﬂ@l§ﬁﬁ@%%526 wherein the yarn has a

StENTeiEy greaterinatmlaanansidaniest 2aiihedrame npukifilamest yesmefising a
any one of claims 21 to 27, wherein the yarn exhibits an elongation of
nuclefligiRGRN0v%, 29. The drawn multifilament yarn of any one of claims 21

3D IGamneren ahlr@tinene obite dlapents 2 e ainatie of egeatiodebgent is a
. __intensity to rg_eridon&l int,ensité greater man 1.0 according to SAXS
dibengylider n@of &%i’&‘ﬂl gAY AR Awn multifilament yarn of any one of

3cldirms &hdm 28 widtesehz et (eastodoriph he lpentsthasyamati@intained within
atorial intensitéto mgiirgonal intensity greater than 3.0 according to

2 SecQRARI RIGARh S BB S 1 AR RRIRITEN LA YBRPoPclilHeRy fabric.

and atheyasvéiagrieomprising a nucleating agent 32. The drawn
multifilament yarn of claim éi wherein.the nucleatin
eﬁﬁbé’h 3 t :Bﬁ

£ _
Sl Eh e SO IT AL eI G2 E B A R iR fve

incheglatime2 §awheysinphsiyaratisisast aihesk wilbin onise eenthafigrashictomprising a
polyoFé%Ich%%f%)xrﬂigqgn%mlgjgggiseeirSticnq‘glg;g {RER gO\%O\g/?gnfE%%%O meters, the yamn
having been drawn at a draw ratio of greater than 6 and having a modulus greater
than 40 grams/denier, wherein the reinforcement material is for reinforcing a matrix
material

35.The reinforcement material of claim 34, wherein the yarn has been degraded

36.The reinforcement material of claim 34 or 35, wherein the yarn has been
deformed

37 .The reinforcement material of any one of ciaims 34 to 36, wherein the yarn is
less than three inches in length

38. The reinforcement material of any one of claims 34 to.S’?’, wherein the
reinforcement material is for reinforcing a hydratabie cementitious composition

39. The reinforcement material of any one of claims 34 to 38, wherein the yamn
has a tenacity greater than 5 grams/denier

40. The reinforcement material of any one of claims 34 to 39, wherein the

polyolefin is a
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and a nonwoven fabric 34. A reinforcement material comprising a yarn of

a length of less than five inches, the yarn comprising at least three

filaments each filament comprising a polyolefin and exhibiting a denier of
less than 300 grams/9000 meters, the yarn having been drawn at a draw
patipoebgyeater than 6 and having a modulus greater than 40

grams/denier, wherejn the reinforcement material is for reinforci :
et et AT JE T TR A Ll BPEISinT SH T by ihenerein
fesrybasiecs deghadedrdaiEhenainfognaent atesial of claim 34 or 35,
wherein the yarn has been deformed 37.The reinforcement material of

any one of claims 34 to 36, wherein the yarn is less than three inches in
length 38. The reinforcement material of any one of claims 34 to 37,

wherein the reinforcement material is for reinforcing a hydratable
cementitious composition 39. The reinforcement material of any one of
claims 34 to 38, wherein the yarn has a tenacity greater than 5

grams/denier 40. The reinforcement material of any one of claims 34 to

39, wherein the polyolefin is a 28 polypropylene. 41. The reinforcement
material of any one of claims 34 to 40, wherein the yarn has a modulus
greater than 100 grams/denier. 29
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