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POLYOLEFIN YARN FORMATION PROCESSES AND YARNS FORMED
THEREFROM Background of the Invention [001] Yarns and fibers formed
from polyolefins can offer many desirable characteristics.

WQﬁ@?/ﬁ’ggﬁ%}ossess good tactile qualities such as hand feeI,%gg%%%@954o

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 tenacity has been achieved, the
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room for improvement and variation within the art. Summary of the

Invention [002] In one entbad e hthednvintianion is directed to a
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yarn. For example, the polyolefin can be a copqglymer, In.one .
it oriae QRSB GTAREIPTBE: BBIYRIORY i S Iarafh RS Jiggulus and
h tt)Q%d‘awﬁéiﬁqiébq]asfﬁg@v@&Mgemwec} mlaw_eﬁﬁﬁgmmmms, high tenacity
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less thagrahouhd ebydieight; teteresanidedesdripissriBHasoogh MRERS of
oAU RIERY o NBAVEREQm. For example, the method can include forming
a melted polymeric composition including a polyolefin, extruding the compaosition to

form multiple filaments, quenching the filaments in a liquid bath, collecting the
fitaments to form a fiber bundie, and drawing the fiber bundle in a heated drawing step
with a draw ratio greater than about 8, and in one embodiment, greater than about 10.

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

[004] In one embodiment, the polypropylene can contain a nucteating agent.
For example, fhe nucleating agent can be a dibenzylidene sorbito! nucleating agent as
is generally known in the ari. 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 reguiremeant of the invention.



WO 2006/052559 PCT/US2005/039540 [005] The extruder can generally
be any standard multi-orifice extruder. For example, the extruder can
define multiple orifices, and each orifice can have a maximum
cross-sectional dimension of between about 0.001 and ab%ﬂ@ﬁ@oms%m
RERELs E)T()’G] The melt can be extruded fairly slowly, for example between
about 1 m/min and about 25 m/min into the liquid quench bath. Optionally,
the bath can be heated, such as to a temperature of between about 50C

and abREITBuTetresivs canissapiit b & HaRs R G lRHERFoRER e For
é{@% ite elnsep g exkudanoriings.SorsxamBlawittin shecdisanee of -
e

ie swell of the filaments. In another embodiment, the area ,
RHBAER P BRSO 7S AR P EAHRB AR By R4 LPER nches.
unheqiesbyasROUS IS REALS: 9] dBkEriignted i idng siaminbdiesat it ut 1

S ST Mg <, S ol AR BN RS con

e outiate temperaiaretofetverreabanB0EC4Adrababol70E) Forin one
le, t ' th ' ] i

SR B B Rl oy OB e

drigjbes, femmeratpiee\ifilfor ieadigirnab el e deaywesetiths tameatstofmanother
Vr%%%ﬂgﬁ%rﬁeﬁi%da%aﬂmﬁ%ﬁ%@il?ﬁ%r@@égﬁ%ﬂﬁ@%ﬁﬁ% %@r%@iﬁgfw& by a

orming the disclosed multifilament yarn such as one or more of t
Hetiteuy: pphbeatriIas RIS -second draw, or heat setting of the

yam. WI] 'ﬁ}%"ﬁ&é@é&ﬂ?@%@@% hgnipestipdsodirpeirideeyauniiaaiy heated
can be formed according to the disclosed processes. For instance, th
Jranicananel RICCERIRIR fameAIaTh S AN ABATHSRY °§u§fﬁ8%ﬁﬁ% the

AessdhanARAHIs9P cinanecambedimenbeasaipblamenteasthe alserie0°C and
of between about 0.5 and about 100. '{r?le arn can have a hlgrpea gg%u%e desirad

36PIHSIANCE gfetEF AN B0 @ VRNt BB 4 RIS yarm can
{aavecp-meduTsgrestertteif i crgasaidretanmieBEul/dtiansevee higher

embodiments. The yarn can also e igl,mt it I ‘

Qs]f/‘ hort d of
%H@?ﬁﬁ% %685?%3878 %n’ rt;hoe & 'Ie']ﬁngoggﬁjr%lentsg]an% }éj?é%ltfegg( t%wrgn Sboat 7 o0 ©
igfekin other embodiments. The disclosed yarns can also be fairly resistant

o Stret%ié‘?@{%r processes can also be carrled out in forming the disclosed

multifilament varn such as one or more of the following: application of a ubricant, a

W

second draw, or heat setting of the yarn.

[009] In ancther embodiment, the invention is directed to yarn that can be
formed according to the disclosed processes. For instance, the yarn can include
muttiple filaments that can each describe a denier of less than about 300, in one
ambodiment 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/id. 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 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 aiso be fairly resistant to sireiching, for
example, fhe yarn can exhibit an elongation of less than about 10%.

[0010] The disclosed yarn is also belfieved to possess 2 crystalline struciure



example, the yarn can exhibit an elongation of less than about 10%.

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

structure 2 that is unique for multifilament polyolefin yarn. For instance, at

least one of the filaments in the yam can possess greater than 80%

crystallinity, according to known wide-angle x-ray scattering (WAXS)

measuring techniques. In one embodiment, at least on il ' :
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the polymeric composition; quenching the filaments in a liouid bath; collecting the filaments
to form a multifilament fiber bundle; and drawing the muttifitament 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, and wherein at least one of said filaments has a ratio of equatorial intensity to
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 yarn comprising:
forming a melted polymeric composition comprising a polypropylens having a msit flow
index of between 2 and 50 ,
extruding the melted polymeric composition through muitiple orifices at a rate of
between 1 meter per minute and 25 meters per minute to form multiple filaments of the

polymeric composition.



[0012b] Another aspect of the present invention provides a method of
forming a multifilament yarn comprising: forming a melted polymeric
composition comprising a polypropylene having a melt flow index of
between 2 and 50 , extruding the melted polymeric composition through
multiple orifices at a rate of between 1 meter per minute and 25 meters
per minute to form multiple filaments of the meric composition. 3
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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 particuiarly in the
remainder of the'spacification, including reference fo the accompanying Figures in which:

[0014] Figure 1 illustrates one embodiment of a process according fo the
present invention;

[0015] Figure 2 illustrates the die swell of a single filtament formed according to one
embodiment of the present invention,

[0016] Figure 3 is the WAXS scattering pattern of a polypropyiene filament pulied
from a multifilament yarn formed according to one embodiment of the presently
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[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;
O]@%] Figure 3 is the WAXS scattering pattern of a polypropylene filament
‘{)‘ﬁ "o a multifilament yarn formed according to one erﬁlsaﬁiﬁﬁgwﬂa?m
the presently 3a WO 2006/052559 PCT/US2005/039540 disclosed
ProbssseriaRden1FFigure 4 is the SAXS scattering pattern of the
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[0020] In general, the present invention is directed to muilifilament polyolefin
yarns and methods suitable for ferming the disclosed multifilament polyolefin yarns.
Beneficially, the disclosed methods can be utilized to form multifilament polyolefin
yamns that can exhibit at least one of higher modulus or higher tenacity as compared

to previously known multifilament polyoletin yams.

[0021] The methods of the disclosed invention are generally directed to a mek-
spinning yarn formation process. More particularly, the process utilized in forming the
disclosed yarns can inciude forming a molten composifion inciuding a polyoiefin,
extruding multiple (i.e., at least three) individual filaments of the ‘compos%téon ata
relatively low spinning rate, quenching the filaments in a liquid, forming a yam
structure of the multiple individual filaments, and mechanically drawing the yam
structure while the structure is heated.

[0022] In one particular embodiment, the polyoiefin 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 gensrally directed toward



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 rat enching
Y& itiEhts in a liquid, forming a yarn structure of the mu%ﬁ?&tﬂ%;}dﬁ 9%}@3?40

filaments, and mechanically drawing the yarn structure while the structure
is heated. [0022] In one particular embodiment, the polyolefin utilized in
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yarn structure,

[0025] One embodiment of the presently disclosed process generally 10 Is
schematically iilustrated in Figure 1. According fo the iltlustrated embodiment, a
polymeric composition can be provided to an extruder apparatus 12. For example, in
one embediment, the pol.yméric 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 polypropyiene resin possessing ranges of melt
flow indices (MF1) between about 0.2 and about 50 can be utilized In forming the
disclosed multfilament yarns. In one embodiment, polypropylene possessing an MFI

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



yarn structure. [0025] One embodiment of the presently disclosed process
generally 10 is schematically illustrated in Figure 1. According to the
illustrated embodiment, a polymeric composition can be provided to an
extruder apparatus 12. For example, in one embodiment, the ]%ol meric
WRRPUEHDH can include polypropylene. [0026] Generally, afy /U52005/039340
polypropylene suitable for forming drawn yarn can be utilized in the
disclosed process. For instance, polypropylene suitable for the present
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can, in one embodiment include polypropylene combined with & nuclealing agent, can
be provided 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 extruder 12 either
separately or togsther in flquid, powder, or peliet form. For instance, in ona
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 figuid form such as those disclosed in U.S. Patent 6,102,898 to

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

process,

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



example, Hyperform(r) HPN-68L. [0028] According to the disclosed
process, the polymeric composition, which can, in one embodiment
include polypropylene combined with a nucleating agent, can be provided
to an extruder apparatus 12. In this particular embodiment, -
Wﬁo%%?r%ﬁﬁgne component and the nucleating agent can be %@%ﬁgéﬁﬁjg?ﬁg
extruder apparatus 12 either separately or together, as at an inlet 13. For
example, polypropylene and a nucleating agent can be provided to the
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aciive agents, odor enhancing or preventative agents, light scattering agents, halogen
scavengers, and the like. In addition, additives can be_ included in the meit, orin -
some embodiments, can be applied as a surface treatment fo elther the undrawn fiber
nundie 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 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 femperature 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 moiten mixture can be filtered prior to extrusion. For example, the



enhance or otherwise affect the color of the formed yarn. Other additives
‘that can be combined with the mixture can include, for example, one or
more of anti-static agents, antioxidant agents, antimicrobial agents,
adhesion agents, stabilizers, plasticizers, brightening compounds, =
WEIariHGEYents, ultraviolet light stabilizing agents, surface P&tV Hgdritsio
odor enhancing or preventative agents, light scattering agents, halogen
scavengers, and the like. In addition, additives can be included in the melt,
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u individual spinneret orifices, For purposes of this
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the t i t orifice, spi ture, extrud ifi
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generally be less than about 0.1 inches in maximum cross-sectional distance (e.g.,
diameter in the particular case of a clroular orifice}. For exampie, inons embodiment,
the spinneret orifices can be between about 0.002 inches and about 0.050 inches in
maximum cross-sectional distance.

[OOKBS] According to the present invention, the polymer can be extruded through
the spinneret at a relatively high throughput. For example, the polymer can be
exiruded through the spinneret at a throughput of not less than about 50% of tha
required to give melt fracture. in other words, the throughput can be af lsast 50% of
the throughput at which the molten exudats 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 & round apertures of



spinneret 14 can generally be heated to a temperature that can allow for

the extrusion of the molten polymer while preventing breakage of the

filaments 9 during formation. For example, in one embodiment, the

spinneret 14 can be heated to a temperature of between about 175C an
WESH/B25E. In one embodiment, the spinneret 14 can be W&éﬁ@&%@%ﬂ?”‘m

same temperature as the mixing manifold 11. This is not a requirement of

the process, however, and in other embodiments, the spinneret 14 can be
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ﬂgreﬁﬁgég%‘syge?e?ﬁ'gedagé?ﬁ lf:l ?}%}T}%‘ %E%Ii%%r?é) S rnuosrll':}'ﬁ OPMQ%H%F the un-
drawn filaments @ can be guenched in a liquid bath 16 and coliected by a take-up roll
18 to form a multifilament fiber structure or fiber bundle 28. While not wishing to be
bound by any particular theory, it is believed that by extruding the filaments at a
relativaly low spinfine tension and high throughput combined with quenching the
polymeric filaments in a liquid bath, the presently disclosed process encourages the
sormation of folded chain crystals in a highly disordered state in the polymer, which in
turn enables a high draw ratio fo 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 nucieation 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 subjectto as it is quenched. In addition, polymers that



[0036] In addition to a relatively high throughput, the filaments can also be
formed at a relatively low spinline tension. The combination of high
throughput with low spinline tension can allow the filaments to be formed

with a relatively low ratio of orifice size to final drawn filamgat $iz&,@fizos40
W HirEd to other previously known multifilament formation processes.

For instance, the ratio of the maximum cross- sectional width of an orifice
to the maximum cross-sectional distance of a single fully drawn filament
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' [{)0401 The liquid bath 16 in which the filaments 9 can be gquenched can be a
liquid in which the polymer s insoluble. For example, the li_quid can be water,
sthylene glycol, or any other suitable liquid as Is generally known in the art, Inone
embodiment, in order to further encourage the formation of foided chain crystals in the
filaments 9, the bath 18 can be heated. For example, the baih can ba heated to a
temperature near the maximum crystallization temperature (To) of the nolymer. For
example, the bath can be heated to a temperature of between about 50°C and about
130°C. | |

[0041] Generally, in order {c encourage formation of filaments with substantially
constant cross-sectional dimensions along the filament length, axcessive agitation of
the bath 16 can be avoided during the process.

[0042] In one embodiment, quenching of the polymer can begin as soon as
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disordered state is suggested. Accordingly, the present invention
discloses a multifilament yarn formation process in which crystallization of
the polymer in a highly disordered state is promoted by encouraging the
filament to maximize its relaxation into the desired disoriented state = _
woelakngehystallization by forming the polymer at a reIativerp ﬁiﬂﬁsmﬂam%m
throughput and low spinline tension. Optionally, a higher rate of
crystallization can also be encouraged in certain embodiments through
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eaIaSRESb T TesEBEmI0stsAD ST BB R RAU Y formed
ARIPREIRl. BRI 8oLy READIIAIAI OB ofithe dwell ime long enough so as

to ensure complete guench, Le., crystallization, of the polymeric material. For
example, in one embodiment, the dwell ime of the material in the bath 16 can be
hetween about 8 seconds and about t minute. |

[0044] 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 bundie 28 can pass through a series of
nip rolls 23, 24, 25, 26 fo remove excess liquid from the fiber bundle. Other methods
can be alternatively utilized, however. For exampls, in other embodiments, excess
liguid can be remnoved from the fiber bundle 28 through utilization of a vacuum, a
press process ulilizing a squesges, ong Or more air knives, and the like.

[0045] In one embodiment, a lubricant can be appiled to the fiber bundie 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 bundie
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polymer while in the highly disoriented, relaxed state immediately
following extrusion. For example, in one embodiment, the surface of the
bath 16 can be located at a minimum distance from the spinneret 14, For

instance, in the embodiment illustrated in Figure 2, the sutfa go al
WO yeetrBé%at a distance from the spinneret 14 such that arr%I %&?‘rﬁ é%%gbm

filament 9 can enter the bath 16 within the distance of the die swell 31 of

the filament 9. Optionally, the individual filaments 9 can pass through a
oghealegaladiamheatedFshraxatier dousnieaTi BredsAR G Hg the fiber bundle

example, 3 heated shrou lizedindheseembedimenisoyhrseint, Any
28 M aRsig %@ﬁgﬂ%‘jﬁ fﬁead[oergi:‘]\@%t%ﬁ# It'le bath surface is great%'mn .tgg\' .
sudisomabrioneserbbarintient feHaalfanBENsAeASenT B S EPMRERE SRS OF

bath can be le 24 - 5 ombadiment. dhis Riistance calrble
bagg g@%hgﬁ q%%c%%ﬁ%@ﬁgggﬁ%%%S and roll 20 can he within a'%}h he varn
frckh GhodetoreyeatiningpsiliiaehdianPhBAMINSE S ISaGN R Bade ¥

caég'ripg%ﬁueﬁg?ﬁb%qu%m@t@fi@é eilgntoathikBroas Mangidepsitinghapaundle

ar materials included in the polymeric material, pagti iNe..: -
s eI REIER FEE ERES S AP BB LT Tork o AP By e

u;%@r?ﬁ{é%&P%laé(t@@ﬁﬁbmléﬁﬁhtmmdﬁtwirlﬁmgmlIaammr@varﬁi@gbﬁgﬁg
: 0 ensure compilete quencn, I.e., crystalll O, :
nBICGALRHITET I 57 BBEMRERE B Bl T o7 A o e e

["time aterial in the .
-BAthsLBicaRRanbskvervattiot rskturdsemasthiia Tesktifea [00EARY of the

the locati here the fi ' _
R R IR %&?ﬂﬁ%ﬁéﬁ%ﬁ’@@ﬁéﬁﬁ?5?%%%5%?%‘3%%(9ﬁé?aegbes -
;ccorp@pgz@j_e\dtenqﬁaﬁnbiw @ﬁmﬂh@@?gg@%% gl{i@%ﬁ{g ﬁf‘l ps,
emboooiment | €88 gessn while
SH??bﬁaﬁi)di‘éorﬁ‘e‘s’%&@g@gﬁt%%?ﬁf? 26 to _rerrnove xc?ss li uidtfrqorpb
atisyfibe hbaindfor Qs R tioRS %@b%fﬁﬁ@?ﬁ&iﬁ%ﬂﬁ i E@H3wever. -

tilized, however.
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o S S AAE S LS SRR, 4 can oo
Smboaisentaduaricats b becapitiezs s tenfibshinaike Z8theart. In another
e B AT A Ipfaapek o g, o
dhe fiber Bt as to draw the yam while it is heated. For example, the draw rofis
can be heated to a temperature of between about BO°C and about 170°C. In another
embodiment, the yarn can be drawn over a hotplate heated to a similar temperature
(i.e., between about 80°C and about 170°C). In one embodiment, the oven, draw
rolls, hotplate, or any other sultable source of heat can be heated to a temperature of
between about 120°C and about 150°C.

[0047] According fo the disclosed process, the multifilament fiber bundie can
he drawn in a first (or only) draw at 2 high draw ratio, higher than those atfainable in
previousty known poiyolefin melt-spun multifilament yam 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 55. In another embodiment, the draw ratio can be
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11 WO 2006/05259 PCT/US2005/039540 28 at a low water content. For
example, a lubricant can be applied to the fiber bundle 28 when the fiber
bundle is at a water content of less than about 75% by weight. Any
suitable lubricant can be applied to the fiber bundle 28. Fo <
Wa NI H- based finish can be applied to the fiber bundleli’288>i:ﬁs§§?t%é§9m
Lurol PP-912, available from Ghoulston Technologies, Inc. Addition of a
finishing or lubricant coat on the yarn can, in some embodiments of the
oriERtiof BBBRVE enifiitgraisiher dibter BerirRb @ity JuisEqnEM, the vam can
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can i jcrease the attainable draw ratio, and thus increase the modulus
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d@netherygmbodiment, rather than utilizing an oven as the heat source, the
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rﬁéﬁéﬁ%ﬁ,ﬁg@ﬁ%@%@@%t@ﬁ%B‘%QQ%%:%W HEAANEAILRR dradtond draw

can generally be at a lower drawing ratio that the first draw. For example, a second

draw can be carried out at a draw ratio of less than 5. In ons embodiment, a second
draw can be carried out at a draw ratio of less than 3. In the case of mulliple 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 subsequently drawn at a draw ratio of 2 will have
been subjected to a fotal draw ratio of 6.

[0050] Optionally, the drawn multififament yarn can be heat set. For example,
the multifitament yarn can be relaxed or subjected to a very low draw ratio (e.g., @
draw ratic of hetwaan 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 sat step can serve to “lock” in the
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the speed of the second or final draw roll 34 to the first draw roil 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 12 WO 2006/052559 p¢11152005/039540
WO R3ES005/039540 greater than about 10, for instance, greater than

about 15. Additionally, the yarn can be wrapped on the rolls 32, 34 as is
generally known in the art. For example, in one emhodiment, b
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adiesiripavedior fostante) cherieRaiigariid R a1 ﬂﬁ@@@e(%r?ém%%\m%ges?ep'
can zﬁﬁt@d t%n%#&mﬂgrﬁﬁgﬁe@%ﬁwtyw@wmmd on a spool
highdr th&nh the ’

eating element of the first drawing_st iti ;
osedtenduiras) A6aryeheriiyahe &’ﬁ&%ﬁ%ﬂ?ﬁ%iﬁa&% %Pﬁm‘!agtt%?‘eq%@ fiation ofa
S e s ons 1
ceatioedBre s W@?%W%%@B%@Wﬁu}ﬁ ?e’ed?%%v%, %h%%t%% R ol C
f(g%‘tgesgﬁgqng@bmgfgb@iadiaimbdrﬁw,tltﬁgé%%‘rﬁiﬁrst drawn at a
raw ratio of 3, a

poen LHSLIL B DR I A o6 b2l Gpkonany. he drin e

tionally, the draw .
vitilarmentrasrototae babest, (-5 eRenBR, fiament 2hd soout 100 denler per

filamant. Beneficially, the disclosed multifilament yarn can have a high tenacity and
modulus, as measured In ASTM D22586-02, which is incorporated herein by reference,
and as compared to other, previously known multifilament polyolefin yarn. For
example, the disclosed multiftlament yarn can have a tenacity greater than about 5
grams/denier. Inone embodiment, the multifilament yarn can have @ tenacity greater
than about 7 grams/denier. In addition, the multifilament yarn of the prasent invention
can have a high modulus, for exampie, greater than about 100 grams/denier. inone
smbodimant, the disclosed yarn can have a modulus greater than about 125
grams/denier, for exampie, greater than about 150 grams/denier, or greater than
about 200 grams/denier.

| [0054] In addttion, the disclosed yarn can exhiblt 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 ancther embodiment, the yarm can exhibit less than about 10%
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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 130C and about 150C for a short period of

time, generally less than 3 minutes. In some embodiment,. Ingt
wQgp R

Be less than one minute, for example, about 0.5 secon
temperature can generally be higher than the drawing temperature(s).
This optional heat set step can serve to "lock" in the 13 WO 2006/052559

=I5 2002254 |esystallirebstruigfisrelongig@aarn following drawing.

In addition,.it can reduce heat..shrj j desired,insomme; unl
emb%%n@?[ﬁﬁ?ﬁ%ﬂ\'ﬂeaﬂﬂ%%ﬁrgé%%%mgﬁ{gﬁgﬁ ryﬁégh%dgygafr%%gén be Hriaue
cresidiice teatadroauproperec aiAtoRRAEREIRSI HIAHE patosithagtilament

wettabjlity or adnesion, instangevihis o1 sa8UBs molecuiar
V%Bﬁﬁiég;f%u[%e%%%% p agﬁ})a(gr(g)%%g?ogn(')a‘llcl treatngents, or can incl o{e a
orstietakTavEEpiRn SRTGSE OISR ARIGARERA KR i 1AL 4 12
aé%ﬁ%\ﬁ:@ hysical ehaacterslisaalhioyasssy Beagfitialindiee like. Quantitative

multifilament yarns of the invention %im ha&? - '?h erf%%:ae”ar%alggé'p&ple
mighedEitauaR iR ARENE TR STEHPERN; 6}53{ nimproved
s ChaIas (7§Aig%)such as adhesion, as compared to, for instance,

monofilament fibers formed of similay; rials. l, ;

insHA PR 50 G B b 2 <ol o e g ioees
RS- shawRranddranspbied o hsaigiy tovstadintonighiyaaibenerh with little or

secondary product. In an al e ' WeMeath ¢
”ﬂw’ﬁfﬁﬁ%‘ﬁgﬁyﬁg%e'c%%ae%éscﬁggﬂge%%ﬁ? ?)E%?Q&?n% line, \?Vh‘eﬁroes?r?si/g?e%a =
treandyeuaNEs progeliey receiding KeYbhURISRIIEY SRERTSHERITRAT>e0

fabric, for exampe. volsfin msifamansyagvetise pfesenigle
bﬁ?%’ntéonrc%grg @gilge’rg? ha%gg%%awn size of between ai@rﬁt@O.S derﬁier disclosed
Fizenditmidechitarasou iitemanby HeY FHIRRe ACBERBAIRIN SRE AR LY SEE

ifila pRaye R highderanityisisd mats| Exeaspieeseticn elow)

p%&%%D%%%@ﬁlch IS inc(or Qrated t}ere'n bg/ r{e{)e &nc t:haé%d eter each
Wﬁ&ﬁfb@fﬁé@,%‘?&?@dﬁ&%ﬁﬂé@rﬁ el tﬂﬁié&een? po'[“g}/o?eﬁ n yarr??%gr ’
ERARIE.iths Wieeipsathmuitifioment eawcah haverersimeeity Yreatretranvn yam
r%g%l%épsgég ré;g@é(g}ef;%%r glgrllaoﬂqg/ &58Bdiment. Hhe, ulUNAMATLYAEhER o the Figure,
where 0¢ is paraliel to the-yarn, the amorphous region of the disclosed yarns can be
28 from 10 to 30 and ¢ from 60 to 90 (the dark region near bottorn of Figure 3), and
the crystalline region can be 26 from 10 fo 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 regioné, the crystallinity of the filament can be obtained

as
-l

(Ix)
where: Iy is the iniensity in the crystalline region and
Ia is the intensify in the amorphous region,
[0057] fn 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 patiern of the filament shown in Figure 3.
Surprisingly, none of the sxpecied structures relating to the crystaliine form,
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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
a modulus greater than about 125 grams/denier, for example, Gaatafz0540
WOHAARBAY 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 é/arn of the %resent

orieweniion san sexritica igifgRiBRPEarRrtRR B TesetHARAYHIR A8 ©

as measured in AST 6:021 Inanpibes embbdisaemokedyati epnof
“aé’ﬁw%ﬁggsa{ﬁg‘@ %%Atrel%%%ém WO 2006/052559 PCT/US2005/039540
cretaiationg fonexathple e SEARERT ATBRRPEOY B BB, [0055] The

inve qﬁg@lg%}k@b%@@lﬁérb? alelsambeliewedd topossessatingue previously

cryst

ne structure as compared to gther, preyious| lyolefi
oo edafermete bt 4 P VAN i R e

ccepted means

z;lﬁﬁﬁ%?éé%sﬁw@ﬁ%ﬁ% riemtatiengnmeiesitechiblyyasn sydeeniS canfongxampie,
e crin i "9 to X %Sd %%r&g ?hﬁ??\ﬁé‘?ﬂ@%@wier Scientific

A2 efdele Ghatysts;-andthe fike. Quantitative methods include
oWitlsrang ek FCAEBRiNmn(IZXE) 3 antlishialirargRosalas hegatterngpierence. )
(SAXS), [0056], Through. the utilization.of Tolo ipRRNiglemg between
THRRBS %%8? ﬁﬁﬁi%g@wgn%%/i[ﬁr%s%@%@etgl%%fo beﬁfj%r?y crystal °

| line,
rdiigblingriepsediivatietitiesor The RRRENaR S teesreS MRS ARCIHH St éngzcates that
ag?géﬁél%&?&%ﬁéﬁéﬂg £aM, DASRESH AreaiebithrRRNO WS Meygtalintiyal electron
(0]

measuring techniques described, below. For e -
dEiguiet8 iHastrastalithe AU SHalérf &“Hé&@fﬁ%%%iﬂ%ﬁ%ﬁﬁ%rﬁ‘é%ﬁm‘e%“ ted
af[{q%nﬁgﬁom# ltiflanaept yAm: fRediRRRardNOWh hecprebemty wieibsedV AXS pattern
pro

ess. In particular, the yarn (listed as sample O in the Ex seci

* chelone iy SRt REA T SO R BT A G Py be
dé]&hﬂgaim}eéﬁmg%usq@@mt@dﬂma WiateatsatfilareaCmasd Brebsensists of the
raw ratio of 16.2, The drawn yarn had a final denier of 406 grams19000

mghisoseRisd §881%kith reference to the Figure, where 0~ is parallel to

the yaumabelamethiaoysheeginratiiiblesdritaisady S S aakRNS 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 yams, and in further reference to Figure
4, these equatorial scattering streaks have amplified greatly, fo 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-iike assemblies. Along
equatorial sireak 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 streaks generaliy 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 yams of the
present invention under high draw conditions can describe a nearly absent meridonat
reflection and an equatorial scattering that is strong such that the scattering ratio of
equatorial to meridional scattering intensity is high, but thers remains sirong density
contrast as indicated by the overall intensity.
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20 from 10 to 30 and ~ from 60 to 90 (the dark region near bottom of

Figure 3), and the crystalline region can be 28 from 10 to 30 and 4 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
WERYIBHE 2@ crystallinity of the filament can be obtained as {fx) \WHERERA

is the intensity in the crystalline region and IA is the intensity in the

amorphous region. [0057] In addition, the polyolefin yarns of the invention

can eduahly: eeieates, iasfboambothematnewnuititeoieheyawAX S trealksesent

in Figure 3. [0058] Figure 4 is the ' 0.
s S SR o s Sy
reistalinafonsiy 15 YW220C6/052650 PETIUSReEENORYEAeNbidiAtElEnsan be
g%%ggéf&owg%a{%g% 3pneaL A HIOYE FBL B8V AERRRRRAER ARrally exhibit

no true amorphous regions at all, but appears to be composed '

arntinedyooka Crystasiiyd mteagrrisdirdrnig Rlphrimearaprerphb ddeeiions -0 and o

0059] S atterns,of\multifi f G ' -
R AP o g e o e e SO a0 belng paralel to
#ranyarphousediiahis asfatiustmtedigyisright kpetsitipscdnevag meansmyivit a

the yarn axis. (See,.fo I e Fiber i
By KOl i 2 R B et s s Ao dELg and ¢ from

" appufl9s2633whicBlsint fiporabed tHbteilp BpRefeféRce. ) The positions of

these,5pess 77 BRUUEEd QAR MOBRIAGpssoaEAG botkERBialy uiiized

repeating crystalline regions. The absence of these spots in Figure 4
indivatep eetansafiorsheRYagBRS N EE ERRRE AR BEGHrehthe

d@Y&BS@éYHQ%@P@W%f%nQw&i@ﬁ&tr@xpmﬁéaﬂwﬁmgmmﬁammﬁy
thus composed of dense, highly oriented %%%r hotus ihﬁlr}s OLare = . amole
aapienl ey SRS, WHIR CRHTH QWA &L BT TH RGeS xample,

inbichindisaisgithahibeimmasplised inirnsityrisoat heastiithat, ittty be
Sssumed 1t amorplious regiens of e safed MeLiensaneshl llowig
formation of the multifilament drawn yarn according to the disclosed processes, the
yam can be further processed so as to be suitable for use as a reinforcement material
in a matrix. For Instance, the multifilament yarns of the present invention can be
chopped, fibriliated, flatiened or otherwise deformed as is gener_ally known in the art.
As the multifilament yarns are processed In order fo form the disclosed reinforcement
materials, the muitifilament yarns can not only be shoriened, deformed, abraded, and
the like, but in'addition, the multifilament yarns can become shredded. That s, during
processing, individual filaments of the yarns can become separated from one ancther
in forming the disclosed reinforcement materials.

[0064] Accordingly, in one embodiment, the present invention is directed fo
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
fiaments that have been shredded off of the formed muliifilament yams. For

example, the reinforcement materials of the present invention can generally be less
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[0060] In addition, the equatorial scattering in SAXS patterns 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 scatterln ?ﬁ

Wgﬁﬂﬁﬁﬁé@ﬁ’reaﬂy, to the point that they are more aptly desc itfﬁ“ s ﬁ,}{%¢0
"wings." This equatorial scattering arises from fibrillation of the crystalline
segments into more clearly defined needle-like assemblies. A long

. thaﬂtwauaﬁstr@aéeanmgmmmmnglemwéﬁﬂahdh%w&wfm@ﬁmnémem@ can

b%ﬁﬁ eisalurﬂrkth m&ww'tm%% g;i F‘ﬁ&@%@:‘z@@é"fﬁgﬂ%%ﬁr@qﬁ&thﬁength

ese S s generally appear in higher draw

situafRfBSiRiriag umér@f reisforesmentfalsicn fioka CClosshisysdion can
%@&Q@g%ﬁh“a% éPi'Qm‘a@ﬁéPélmﬁ%w@m@e@f H@r@eqﬂagmenm@ner or

draw conditions can describe a nearél absent meridonal

hydifiietitn caTaea RO R et HRRH M D& SROKTTLN OF HaIHRR Soncrete,

n-%é%‘:‘u‘?{)‘ RE AR eSeAL R iaditanmesid eoatrsialierpelintensitydsiitgls, bament-
there femains strong density co é% s indicated by the overall intensity.

baseg/ RIS EHBIOETAIS B EO [0062] In general, the
f"amgd?@%@?fimtﬂ@etbmﬁaduﬁtamehmwmeﬁthevprémﬁhwémmsedn/amﬁecan be
SAXS characteristics includin tio of.
firtestspty B%Sf EP%%&%EH A 08n'§ Mﬂ{aéan%gtgﬂﬁls r trléatzggrlg IRghucing
tfﬁ@@ﬁﬁbﬂ’iﬁﬁs&hem@th‘ﬁfm&tﬁmmﬁseimrfﬂn@&ldehﬁh@fﬁé@%m@@‘élﬁ muitifilament
r IIy exh|b| an eg rigl in r R
p&&gﬁ By, cgr 96 %% ﬁ% n{sl té’e@ ed from Aifkek l‘l’ﬁw‘?ﬁl g ropes,

out to about 120 and from about

aPdOno/abartr800VRED @b@@ﬁgsp@?aa%m@y@%fwmﬂ Br VSRR RAEFSICaCses,

to ki he yaRagiedn Pﬂffcalarmﬁswém@@wmtlfnament
EGta %rl‘?rd%%%%%et\%%en ablout 0. ﬁaénd about 1.0 and O fr

yasaa@abbatmaﬂ@ fesHsanBUP TR SPats 250! Rseégfﬁ%carg?&“@s A known
Sitiflamant Ralyslefin yasascar lp@d@aﬂﬂflpt@wdw@mdomnwmafm

applications. For example, the high stre d hi nacity. of
F@{%’%ﬁ@ﬁ‘é@ﬂ?@fﬁ@éapﬁ%?ﬁo@%g}ﬁ' tp&O%FF&eS fét ﬁ‘ﬁ dosed yarms,

ization in

HIWerRPHeRtioRselitable foe Wghwust;dkihmmnmtﬂnﬂmm@ﬁtﬁmlg}tﬂ@ﬁﬁ@d yarns,
s)é%glnsdalzz‘grp%guc?slef’ormed utilizing the Inventive yarns can provide improved
characteristics, such as strength and tenacity, as compared fo similar products formed
of previously known multifilament nolyolefin yamns.

The invention may be better understood with reference to the following
Example.

Exampie

[0087] Yam samples were formed on system similar fo 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 iengfh), with two roliers in the tank, a vacuum water removal system, a spin finish
applicator, three heated godet rolis, a forced air oven (120 inch length) and a
Leesona® winder.

[0068] Materials utilized in forming the yarns included Atofina® 3462, a

polypropylens homopolymer with a melt fiow index of 3.7 and Atofina® 3281, a
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in certain embodiments, the disclosed yarns can be beneficially utilized as
reinforcement material in a matrix. For example, in one embodiment,
following formation of the multifilament drawn yarn according to the
disclosed processes, the yarn can be further processed sQ,a2$4Q06= 030540
W‘%ﬁﬂ%f‘b‘lézfag use as a reinforcement material in a matrix. ForQnstancé, the
multifilament yarns of the present invention can be chopped, fibrillated,
flattened or otherwise deformed as is gengrally known in the art. As the
p@wmﬁ@mh?m%m?mggémgﬁgfﬂmm@%@ﬁ1@&@&if€:§bie from
r nt. materials, the multifilament yamsea Aot taREof a nucieating
Agﬁ?ﬂgégﬁ%%%?m&f%b!rade and ihe n?%, but'in addition, the . N
.agauttftemesitivarspeaifi talbobibas PRt s reliid eproddighsgsorbitol) in a

NGRS taterd dirOuner @wpiehtion,
e e e o <0 pccordngly A
Sovielddimtsdifent $Ae, R hPRVRIRIGT & R Bt Rl Index o

(At e oithe sisgpseratarmsytn particular, the reinforcement
e T SR ST A

séaﬁc%fé@ﬁdcﬁ%@}@]ﬁ%ﬁdﬂéﬁﬁm?hﬁﬁw (é@ﬁ@gf;ﬁwgnluluﬂﬂamqt yadrse total
and/or individual filaments,that have. o
weighimensant 9§m%_r]y§e igﬁq%%eﬂ% iR ?ﬁé‘f@?@, e sr%ﬁ\%]'g? B8k in inches,

e reinforcement materials of the
Hesentinvestionflamgeteexliybedcts terwerstorsmshesyiench water bath, the

PCT/US2005/039540_th ' j mhadiment,
{?Hézf’@ﬁﬁ&%%%ﬁ%n{arﬁ% i%@%gﬁg%%#ggggtﬁﬁﬂa%m%@msﬂ in Ien%'th, for, ..
ténspansiersesititeairabing veph IR ASHHRN GoEBROUGHRFHRE afgnt s provided in 2

inforcem lals; isciRsashineatenttan PR vembingstopitene

ﬁﬁégﬁ?fﬁggmﬁ@%gaﬁﬁ%es asphalt, gl stics, ubller or tof a
osbpCiteSL e MANSTIE oA AGH S TRER RIS AR & 47U
CRAGIELS, JRBRAMY 88 GHRIdshaicieisuitbftieol s MG peiergypsm
compositions, cement- based fireproofin com ositions! a{h%{ki]?]’g@d a5
HoDeEPI e eREAEITRMSIRE D e%ié?\??ﬂq\}%éiignﬁamg Jisclosed yarns
SARhanfurther precessEr kmberssbopatath dilzetirofdhaingdeetraiagent 1.8

V}%Eg\%%%Q%%T%ﬂ hfé?ﬁ?g&%ﬁ {Lej %csur}}rcl} toilgr%‘?‘ Rash WY&QW e WitBieating
agent composiiion, and 98 wt% of the FINA 3462 3.7 MF! polypropylene
homopolymer.

Table 1
. : { ;
Spinneret Waiar Oven

[Sample Material Hole Size|# Fils | Temp | Roll 1 | Rol{ 2 Roll 3 DR T

inches # C__imiminim/min m/min G
A Fina 3462 0.04 1 o8 413 100 110 8.7 120
B Fina 3462/0.2% Millad 0.04 1 25 8 123 123 154 140
C Eina 3462/0.2% Millad 0.0277 17 25 5 - 30 20 6.0 120
] Tina 3462/0.2% Millad 0.027. 17 25 5 375 2375 7.8 180
‘TE Fina 3462/0.25% Millad 0.018 1 25 105 135 ’%351 12.90 130
F Sina 3462/0,25% Miliad 0.018 8 25 g 8§ 85 94 130
€] Fina 3462/0.25% Millad 0.018 Jal 25 B8 85 85 14.20 130
H Fina 2462/0.25% Milad . 0.012 g 28 8,75 85 85 87 130
| Fina 3462/0.25% Mitiad 0.012 8 28 95 85 85 89 130
J Tina 3462/0.20% Millad 0.0421 8 25 8 85l 86106 130
K Fina 3462/0.20% Millad 0.012 g 25 625 85 85 13.6 130
L Fina 3462/0.20% Millad 0.012 g 28 55 85 85 185 130
M Fina 3462/0.20% Millad 0.012 8 25 55 85 85 15.54 130

-
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polyolefin yarns. For example, the disclosed yarns can be utilized in

forming ropes, and woven or nonwoven fabrics such as may be found in

machinery belts or hoses, roofing fabrics, geotextiles, and the like. In
“Joartlcular the disclosed multiflament yarns can be suitable for qse

BrAMHE"E S condary product according to any known techriqlé S

been used in the past with previously known polyolefin multifilament

yarns. Due to the improved physical properties of the disclosed yarns,
NhOWeNeE aiad/pasticmlzdy, the higbrer modulus2snd teRacit§sof t 17.8 130

cdiscldses yaes0seanatary prodotls fo izindthe #8venfifie {haens 130
Pcan dmdémeﬁﬂadﬁar ctefdids sueh a$&trendth afigl tedBrityds 130
D s foHAAH.of \i r?lcl\5l2 nwr&rl* Ult@ﬁ,ﬁ-ﬁﬁg&(— 130
, feifian 345 i ion1831Zhe bétter BlldeRtbod With-ritbrefide o 30
Sthe f ﬁm,ﬁégzﬁ\ggﬁ.gh&ad:v Mp'%gf 067 arn%s‘m ggs v\/“r,for‘gs 18 jig
Tovucta H 0 1} 7o P AP, - 1 1.5 TR T M
UT:;F:F':@ %éﬁt%@%ﬁ}w {Zg\)u I|.cu Jitd ZHUILCB Ty ¢I1I %{'_’é“dl’éfhc SYRteIT o 450
AN 59720 P s i kA ke ol K NP

Ve oneS gt yug ﬂgﬁé&” PUMP Y SPINpEret;; IoLkA qUeNCh ganke ¢ 145
ncterathy, yoith two Totfers T Tpe Tank, asvacygm Wafer removak Sysiem, 130
A SPINETIISH Applicator, thiee heafed godet rolfs, a fogcedir oven (1826 140
—inch Iengthlsand a Leesona(r) wipdgr. [0@68] Mmterizds utdized asforoing 140
nhe yarps selvded Adofna(E) 346214 polgpropisene Komaddolynddr withi a 130
mmelt flowe tdex atdiiiand Atofinai)232818a 1BWEO79006885258% 17.8 150
d@CT/l’HﬁQO%‘YKBMM@amIV ropyéh’ honshpolytnet-&ith adhelt ABwIRHex 140

. %pm hchdficald Inc8s Hdbsidha 140
EE)() d IG%ZB‘HHMMH of hll(@ fal £1Qnt7;5'\mnn:ifieﬁ?spe§§- -C%ﬁ.!‘g 140
Filladfipadtid/t2A Mils thylld H.hma,@m dient sorbol-ida 1o Eeo 213 140
20 o bR AR MR | o BT B /e e S8 85 17.0 140
'rbkl,{ivi’,?m.agzawo,z‘@nm“b’ o \“"Stﬁ‘z\'“ i w7d ~el g5 479 140

Orparian, oAl cier BA Hnang @ polyet EeTIedIoMORDIVIIET 149
L”SFLJ 'e'éié‘ﬁ‘/ﬁ,ﬂd/uﬁiﬁlé% 12 \chHI@d%e A T U5 PIaSECS, 84 HO@@{[OFQS 4 X).450
SEL 08§ BBl D UTETES fiagsformgfion egndiigns okB37 differeny 140

)
) i

[0070] Following formation, the samples were tested for a number of physicat
properties including denier, denier per filament, elongation, tenacity, modulus, and
toughness, all according to ASTM D2256-02, previously incorporated by reference.
Results are éhowa below in Table 2.

Table 2
Sample Material Deriar | Denfil Elong Ten Mod Tuff
5/0000 m{g/2000 m % oid gid g/d
A Fina 3462 302 302 24 52 | 80
B3 Fina 3462/0.2% Millad 292 282 8 50 | 107
C Fina 3462/0.2% Millad 130C 76 21 55 50
D Fina 3462/0.2% Miliad 1414 83 18 4.2 43
= Fina 3462/0.26% Millad 83 83 10 7.9 125
F Fing 3462/0.28% Mittad - 283 37 22 85
] Fina 3462/0.25% Miliad 532 67 11.7 10.4 173
4 Fina 34582/0.25% Millad 210 28 16.8 8.1 100
| Fina 3462/0.25% Millad 161 20 14.8 7.2 100
J Fina 3462/0.20% Miliad 222 28 | 150 8.0 108
K Sina 3462/0.20% Millad 216 40 | 9.4 8.4 | 154
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samples including the material make-up (including the polymer used and
the total weight percent of the nucleating agent in the melt), the spinneret
hole size in inches, the total number of filaments extruded, the
temperature of the quench water bath, the roll speeds of the drawin R
WAL 6Tal draw ratio (Roll 3/Roll 1), and the temperatur%cgf‘%é\%]o" 039540
drawing oven. In addition, as the nucleating agent is provided in a 10%

concentrate composition of the nucleating agent in a 12 MFI

| POlypiapyenrechomnepelymer, the materal make-ep of thase sangies that

pnclude;amnsasaeuatoimaducleating agerdswill alsoancludesan amownt of

nihe 12-MEt polvprepyiaae hommgolymesdrom the4oncentsate. Farn

~EXamipie; asampte,thakds listecsrs ¢containing FINA 3462/0.2% Mdlad will

ccontalg:{y 246%9% oeiheraucldatipgsagentsd .8 {wt@of the712 MFI 132

cpolyprepylene/homppalimer used in forming|the.20% ndtkatincRt@gent

RCOMp@siticnsand@8nmtdd of thesdeNA 3462 3.7 MEI pgolypfopylene

shomopolymer,dabiavinspinneresdVaterDven $am |5 Miagerial Hole Size

# Fits|FiegrzdRelb 2oRalli2Roll 3 PR T | inctes # Cod/min fdimin mi#én C

Fina 3die2 280 @56 Nitad 100 1308 9.7' 120 B Fiié 3462/02% Ml a

0.041|8ir25:2811 B34 RBIA5.4 14®B5C IFina¢8462/07286 Milléb0.02718525] 5=

v30 30|6:R3134200.18% Fiiei 34621852% Miltid 0,027.817 2 5%37.5 3748575 150

xE FinerB346240.25% Milled 0/01828 25 1341135 13551219 £30 F Fih# 0.75

V3462/Fiz5%dilled 0.018 8¢|253185 85 8841 130.7G Fin®346211695% 0.73

ZMilladi:@18:8 25 6 85 85 14.2 380 iH Fifia 3462/0.25%Milled Q1642 8 066

1251 8|7hd 8588 V712 BTLPEFIEE8462/(4250%4 Milad 0.0FF8 25.9.5 8531 85

59 13FinSBAGZD. 0% Milled 87012 8 838 _85 B4~ 10 6-33 K Fish 0.62

C3N62/(FROYLINNS QD 8 25 @5 85 96 13189 Finad$162/0 Hio, | 0.58
OilladiDe 28 /23% BiRE 85 15.85530 M3Bine 3482/0 2008 Millad4D121 858

E?S 5.5318538%1 0529 Blad 364 48 8.1 9.1 178 0.61
FF  Fina 3281/0.2% Milad 403 50 8.5 8.5 181 O’.M
GG Fina 3281/0.2% Mikad 356 45 84 10.3 200 0.80
HH Fina 3281/0.2% Millad 375 47 1 &3 8.8 203 0.38
i Fina 3281/0.2% Millad 386 20 6.4 8.3 178 0.48
JJ Fina 3281/0.2% Miliad 589 28 9.6 8.2 86 1 066

ﬁ( Fina 3281/0.2% Millad 423 21 8.1 7.8 178 0.47

X-ray Scatiering Analysis

[0071] The samples were studied by small angle x-ray scattering (SAXS).

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

The

vacuum, X-rays (=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 wes calibrated per
manufacturer recommendation using a sample of sfiver behenats,
[0072] A typical SAXS data collection was conducted as foliows: A

polypropylene filament bundle was wrapped around & 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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19 WO 2006/052559 PCT/US2005/039540 gFina3462/0.20% Fine 0.20%
Milled 0.01 5 25585817.130 0.20% Millad 0.017 5 55 6 85 85 14.2
13/0.20% Millad 0. 012 5 55 6 855 85 14.2 130 /0.20% Millad 0.01 8 73

5.25 84 85 16. 130 /0.20% Millad 0.012 8 85 5.5 84 815.5 Q9
WRAMAHEP2 8 85 5.25 84 816.2 130 /0.20% Milled 0_012@%&{%%@%5“0

85 17.9; 145 U Fine 3462/0.20% Milled 0.012 8 8 4.6 841 85 18.5 150
Fina 3281/ 0.2% Millad 0.012 8 75 4.5 8'44:j,9 140 Fine 3281/ 0.2%
sé}@%@&%@%@oﬁédﬁ% B 851680 dat0 TR BPBINGRbeRt 45 Ereigs ggdiong hour.
Y Fine 3281 0.012 8,75 S 140-Ein 25
T8 1 %E?ﬁ r?%fwﬁ%é@ﬁm F>|)—_‘)O£ 801 %%%ﬁérsgﬁ%g rﬁ%gp%go
2 RBiEea8P BY/0 2%y Milecs0f09r® 7 4.75 84 85] 17.9 150 CC Fina

328140200 M D012} 5754 AR S1SE0 Gidd0uRDIFIT-02810 %t the

‘ ‘1, 851 21.3 140 EE Fine 3281/0.2% Milled 0.01 .
oD T a0 ST 5 Vo AP BRI ST DY PO 0 D Siding

th%é%’ge@%fgglg%%%wrk 0328 Hafoe BB, MBgHts Finem 2 6 of

: 175 4.758411 85 17.9 140 11 Fine 3281/02%
bafilaeh(:0081.020 17 B H02% BA 852D PI1BPIYEASBI 248 RfialieM about 240

0.008 755,5.84 85’ : i ;
DR G EAT DB Ll iar et e Samiles ware tostod
n"f@lmcﬁ)nambeﬁarﬁrm@ye@ah,ﬂmﬁtéé fﬁam&@goa@ﬁ@v?@@rﬂ%%wﬁ|§ﬁ%ﬁéout 1.0
elongation, tenacity, modul '
SRSl e SbaER ST coun
were summed for each of the two regions and the ratio calculated and tabulated for

each sample in Table 3, below.

Table 3
| Meridional | Egquatorial | Equatorial/
Sample Material Seattering | Scattering | Meridionat
counts counts

A Fina 3462 150498 18174 0.12
B Fina 3462/0.2% Millad B3716 283818 3.51
C Fina 3462/0.2% Millad 125348 20722 0.17
D Fina 3462/C.2% Millad 169657 37642 0.22
= Fina 3462/0.25% Millad B7067 265606 4,65
= Fina 3462/0.25% Millad 28182 23494 0.83
3 Fina 3462/0.25% Miliad 34164 182207 5.33
H Fina 3482/0.25% Millad 14203 11505 0.81
i Fina 3462/0.25% Milad 21722 17758 0.82
). |Fina 3462/0.20% Millag 36264 74871 2.07
K Fina 3462/0.20% Millad | 82734 6862846 8.01
L Fina 3462/0.20% Miliad 47815 175588 3.67
i Fina 3482/0.20% Miliad 53247 323136 6.07
N Fing 3462/0.20% Milad 89254 561719 £.28|
o] Fina 3462/0.20% Millad 52212 313477 .00
P Fina 3462/0.20% Miiad 57344 365487 8.37
0 Fina 3462/0.20% Millad 107220 401479 3.74
= Fina 3462/0.20% Miliad 40418 50163 '1.46
S Eina 3462/0.20% Millad 45712 1068876 2.18
T Fina 3462/0.20% Millad 49088 153474 3.13
U Fina 3462/0.20% Miliad 85459 210807 3.22
v Fina 3281/ 0.2% Miflad 54222 220058 4.08
W Fing 3281/ 0.2% Milad 43058, 257097\ 5.97
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Results are shown below in Table 2. Table 2 Sample Material Denier ~
Denl/ill Elon Ten Mod Tuff /9000 m /9000 m % /d /d /d 41 Fins 3462 302
222 2/4 5.2 60 B Fine 3462/0.2% Milled 292 292 8 5.9 107 C Fine
62/0.2% Milled 1300 76 21 5.5 50 D Fine 3462/0.2% Mill 8

W9 PP ine 3462/0.25% Milled 63 63 10 7.9 125 F Fine%%‘?@@% S
Milled 293 37 22 8.5 G Fine 3462/0.25%0 Millad 532 67 ]111.7 10.4 173 H
Fine 3462/0.25% Millad 210 26 16.9 8.1 100 Fine 3462/0.25% Millad 161
20 1{4(7.8 7.2:00:3sFina 3462/0.2006 Milksae 222 282140 9.0 18%1Fine
34640.20% Mitkagi316 40 9.1 8.4 154 532010 2808/852559 3.68
PCTRUS200%(9396540 L Fina 3462/0.2053M1iilad 882445 8 9 8 1159 M

- Fina|8462/(-a0 Yedvied:-420/58PE] .2 9.8584% N Efi828462/0 26%5Millad
297 ;59 10.4 %6 847120 Rt 3462/0.2098Wlillad 8787 11 3 #4144 IP
IFinac3462/6120%sMifized RT&155 9.2 7 24182 Q Figr®162/0 ')n%ﬂmuadj
406 BD9.3 FhH32070 RFifie8462/0.209%8%lad $8222% 14.0 8 28 Fina
346 2¢@ 20%5 Milkad 13004 MGat4.0 B .4 1FM828462/073804 Millad 34543 9.3 1

DA 189 U Fine 2462/2728%Millad 32448978 8 108 #§: 1/ 0.2%
Millalt353 447 OB .285iERa 3281/ (49882Mille 88358845 6.9 F7203 Fina
3281829 4F12B5/8.4B3Mliag5 54487 348671 6.40

i Fina 3281/0.2% Millad 57703 260487 4,51

JuJ Fina 3281/0.2% Millad 52353 178923 3.42

KK IFina 3281/0.2% Mitiad 46881 203281 4.34

[0074] As can be seen with reference o Table 3, while the disclosed materials
can in some cases give to rise to a SAXS scattering profile with both meridonal
scattering and eguatorial scattering, the meridional scattering Is low compared to the
highly unique strong equatorial scattering giving rise to a high ratio of equatorial
scatiering 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 multifilament
yarns.

[0075] It will be appreciated that the foregoing exampies, given for purposes of
itustration, are not to be construad as limiting the scope of this invention. Although
only a few exemplary embodimants of this invention have been described in detal
above, those skilied 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 1o be included within the scope of this invention that is defined in the
following claims and alt equivalents thereto. Further, it is recognized that many
embodiments may be concelved that do not achieve all of the édvantages of some
embodiments, yet the absence of a particular advantage shall not be construed to
necessarlly mean that such an embodiment is outside the scope of the present

invention.
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-1 T Y Fina 3281 301 38 10.7 . 10.3 160 0.73 Fina 3281 316 409.719.8
165 0.66 Fina 3281w/ 5% 12 MR PE 328 41 14.0 8.9 BB Fina 3281/0.2%
Millad 270 34 9.1 8.5 159 0.62 CC Fins 3281/0.2%Millad 287 36 8.6 8.9
181 0.58 DD Fine 3281/0.2% Miilad 265 33 8.9 10.4 203 0.68 EE E Fina
3281/0.2% Millad 364 46 8.1 9.1 178 0.61 FF Fina 328110.2% Millad 403
WHRG. B8 ARURBAIS GG Fine 3281/0.2% Millad 356 45 8.4 10.3 200 0.60
1 HH Fina 32 1/0%?%%?””% 37547 5.3 8.6 203 0.39 1l Fina 3281/0.2%
“Milled 396 208283 198'8728'%J Fins 3281/0.2% Millad 589 29 9.6 9.2
166 0.65 KHoFmia®28heiia% pdilaetR3cDinddsitios ¢dthpribingaBlgast one
O?ca}tet ring Analysis [0071 ] The samples were studied by small angle
P xYPay g&attering (SAXS). The SAXS data were collected on a Bruker AXS
(Madison, \&idruHirGtathauthieliee detéatosidacesha estistantecigtOSmbitiple
o3 A5 SAmpIS RN ANANPAAT VG XCIayS 000, 154178 nm)
WEre generate With 2 Macstience ro a%Hg nNod& rfyﬂ? V°4o0 mA) and
focused thraughthieg thelfotrssota 8ize W@ ath; The entire system
(generator, detector ? ampath, sample holder Soft eéi .
commercial S D Cre GO B LAROR HRe Ryaetss an
was calibratedapengnibauwfadtifiarrecbfivaebdatitmwiing drsampltoaireater than
ilver behenate. [0072] A typical SAXS data collection, was conducted (
R s Rt R R
dranicvhitsipated, inthbeatmylUreamaingide artgneraRasy vhbatween §0°C and

Rt e e e R e T
Nty BRoesidesuidisasitylgwatee ipas cdd@ttoidingy tbeadXdmeasuring
tegﬁﬁ%@g‘about 45 minutes and one hour.

2 The method of claim 1, wherein the polymeric composition

comprises at least two polyolefins.

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

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
filaments are extruded at a rate of between 1 meter per minute and 25 meters per
minuie.

7. The method of any one of the preceding claims, in which the liguid
bath is heated.
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Two-dimensional data frames were collected by the detector and
unwarped automatically by the system software. [0073] An analysis of the
scattered intensity distribution (28=0.2 - 2.5) into the equatorial or
meridonal directions was calculated from the raw data frames by dividing
the scattering into 2 regions: an equatorial scattering region, integrated
from 2 0 of between about 0.4 to about 1.0 and 4) from about 60 to about
120 and from about 240 to about 300 (zero 4) being parallel to the yarn,

or, vertical in re 4 and the a

fr%me%g ﬁgg}\gvgeen a%o"bt%gi aér?detﬁ% Efélég%r% r&]?rom abouﬁ%%% tﬁ% extruded
fisspost 80zt ﬁtem:abela d20stoeabadip240} Tmtalecoumg \tm@w:tanmeﬁlthe liquid
f ach of the t ulated and tabulated for each

bg% Ykt “Y'QE ‘i‘gﬁﬁe ggl\?irl ﬁﬁgl Equatorial Equatorial/ Sam
I%Mﬁtmfiaiabatienfnaﬁgmlmfvtbammm@mmﬂﬁmwmf:ber bundie is

S ey P B R S R T

ab42WR22 E Fine 346210. 25% Milled 57067 265606 4.65 F Fine

152 0B PR SRS BRI ST B o
BA0026%Millenl 21722, 17758 0.82 J Fine 3462/0.20% Milled 36264
M SIS AR v g oo
F23S6tEO7 ON Fine 3462/0.20% Milled 89254 561719 6.29 O Fine
3%(32/%%0%8 h'” %%/20?% g‘ly hé Bnoecedmg claims, further comprising drawing
" the drawn multifitament yarn a second time, wherein the second draw ratio is less
than the first draw ratio.

13 The method of any one of the preceding cialms further comprising heat
settlng the drawn multifilament yarn. _

14. The method of any one of the preceding claims, wherein the ratio of the
maximum cross-sectional dimension of a singie orifice to the maximum cross-
sectional dimension of the singie drawn filament extruded from that orifice is

between 1 and 10.
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P Fina 3462/0.20% Millad 57344 365467 6.37 Q Fine 3462/0.20% Milled
107220 401479 3:74 R Fine 3462/0.20% Milled 40419 591631 1.46 ,S
Fine 3462/0.20% Milled 48712. 106876 2.19 Fine 3462/0.20% Millad
49098 153474 3.13 U Fine 3462/0.20% Millad 65459 210907 3.22 Fina
3281/ 0.2% Milled 54222, 220056 4,06 Fina 3281/ 0.2% Milled | 43058
257097 5.97 22 WO 2006/052559 PCT/11S2005/039540 Fina 3281
15. G3ROMABRRML B3 .8AyFinse38BInE7RER 2104188168 feinb328imBRdag forming a

186045; 4.11 Fina 3281w/,5% 12 MF| PE 35826 87 5 BB Fi
SecongaR BroN AT B TSSO P U CEIAL SBE e oo M ae Shiggy Product
being k44943 BdrDReFira32 b RYMiltdch 40pES 202@GENM{alrIEEAha nonwoven

73281/0.2% Millad 51026 171581 3.36 FF Fins 3281/0.2% Mifad 48872
fabric181346: 3.71 GG Fina 3281/0.2% Millad 493821 282585 5.72 HH Fina

16 3RGALIY Miltachf 6 7h REBRMGAR i BmaB28h). 2% Millad 57703

2604871 4.51 JJ Fina 3281/0,2% Millad 523531, 1789 3 42 j
3281/0. 395 A P4BEH 2830814 £8P T o0 CORPLsiig, a PolyBRopyiene

havinteiereaiceiso Tiadde 3f whiledbe discldget, materials can in some cases

give to rise to a SAXS scattering.profile with both.mer S i ”
and equ B GEb i o U6 MV S MRG0 e ACH Eprfoes o
a ratdighlyatnigee strangeqpatoridhatatterih@ fivirgaisegerarhigteatio tfrm multiple
uatgrial scattering to meridional scattering. At the very least, then, the

e
filameisahite i & ERAIRTRGWings in the equatorial direction provides
the.desiaahs bstentsiiasthasted fiquid bath

collecting the quenched filaments to form a multifilament fiber bundie,
applying a lubricant to the fiber bundie and
drawing the multifilament fiber bundle with a draw ratio greater than 6 to form
a drawn multifilament yarn, wherein the multifilament fiber bundie 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 liquid bath is heated to a
temperature of between 50°C and 130°C.
19. The method of any one of claims 18 fo 18, wherein the fiber bundle is drawn

utilizing an oven or draw rolls heated to a temperature of between 80°C and 170°C
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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

20PpasibiRiAdhLe e BIREY SreRadisestovitowheraiariglly dapardnehiEdiaximum

the novel teachings and advanta&)gg of this invention. Accordingly, all

crossseeAtipldinidaneRs AR HhtehdeBERLLfG6dd8 WitkinMRxUBLRE &rfRg-sectional
dimeH¥SAUGNHbaLisHefinesdn tbairiRllintcinms ancal eamvaientsand 10.

thereto. Further, it is recognized that many embodiments ma

M . y be :
et that iR achle AR d iRl St dingnents, each filament
incfucﬁﬂ@@%ﬁ@?@ﬁ%%ﬁb%é@ﬁ@ﬂéﬁz@ﬁﬁi@fﬁ@@@éﬂ@@%§%ﬁ@d@ﬁgramSIQOOO

construed to necessarily mean that such an embodiment is outside the

metetpolie RN HIBsEHIAMRIH I 2 8VAA PRSTLRMEBYS: T riating greater

than COMRRSINGlOAMING armalind ReimoteCamarpRitian easmIisgAsirast than 40
one polyolefin; extruding the melted polymeric composition through
%zggﬁgﬁgn about

gramg{depiR’ YRENFIRAShARRIETiI ST HIRBEHE FOSTRSTESHH
80% @HANSNing thedirmants WAXSUHRRItkisgHeehngthasfilaments to form a

multifilament fiber bundle; and drawing the multifilament fiber bundle with

223 avirane gredisiamanteyariomh SaiEwa mitEHeADSaR i HeRs? tenacity

greatermidtHignerydbqebundle is drawn while heated, the heat source
being at a temperature of between 80C and 170C, and wherein at least

2%nkr deawRiaite ment vamp of eqimariaPiendAERdRighilament has a
denidPiENsiy@eiE5hamdBe000%Re 0aRA N BONEamEBO OB ehelgeS. 2.

24Th%hrgeé?gevr?fnglﬁgﬁlér,nvgp}terein the polymeric comﬁ)o,sition _
. yarn of any one of clams 21 to 23, wherein the
polyolefin is a polypropylene.

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

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

27. The drawn muitifitament 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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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 filaments are
extruded at a rate of between 1 meter per minute and 25 meters per

has a FafYE: dqliBRmatimrereigry onerefdhe presssitpgetaitas mamfi¢habeording to
SAXS“qUId bath is _heated. 24 8. The method of any one of the preceding
RARRUNLIRA ISR ruded filaments each describe a die swell adjacent

3%9 R %ﬁﬁgﬁ#&@!ﬁﬂ[ér?ﬁgrﬂ]fgﬁmliqﬂﬁhybaﬂieb@ﬁ Rgavithifl thie AStariereintia least
ie swell. 9. The method. o one of di lai '
one o B e Gl S B R A ISR ot
than 3%?”&8@@5&@ @ Fﬁ_&‘ﬂ@ﬁ;}&@&;r&:}gﬁé@ﬂﬁﬁué@. The method of any one of
e preceding claims, wherein the draw, ratio | tween 6 an : o

T oG B SIS e e A, ST el fapging @

nuc;e%‘ﬁt tgég}@n 1_0. 12d The method of any one of the preceding claims,
urther comprising drawing. the drawn multifilament yatn a i .

St e e D S A o

dibenABthot dRpHNMRkEBarageding claims, further comprising heat

3%%%%%9%@%&1%%%&%%2&&?@%@ gT ,ewr?qg}g%dtﬁé %%noﬁec%fn%?ned within

a secondary product selected from the group consisting of a rope, a woven fabric,
and a nonwoven fabric

34. A reinforcement material comprising a yamn 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 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 claims 34 to 36, wherein the yamn 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
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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
BEI¥BIERYIBRFthe group consisting of a rope, a woven fabric, and a

nonwgyven fabpc dfdrearibadmbierming anpuhiiamerivaraLesywoisiogerein

forming a melted polymeric compaosition comprising a polypropylene
R s e RIHIS e BIS/OER é%@%“,’%&ﬁﬂ@hg the melted
polymeric composition through multiple orifices at a rate of between 1 -
meter per minute and 25 meters per minute to form multiple filaments of
the polymeric composition. 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 multiflament fiber bundle is drawn while heated, the
heat source being at a temperature of between 80C and 170C 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 liquid bath is heated to a temperature of between 50C
and 130C. 19. The method of any one of claims 16 to 18, wherein the fiber
bundle is drawn utilizing an oven or draw rolls heated to a temperature of
‘between 80C and 170C 26 20. The method of any one of claims 16 to 19,
wherein the ratio of the maximum cross-sectional dimension of a single
orifice to the maximum cross-sectional dimension of the drawn filament
extruded from that orifice is between 1 and 10.
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21. A drawn multifilament yarn comprising at least three filaments, each
filament including a polyolefin and each filament having a denier of less
than 300 grams/9000 meters, the drawn multifilament yarn having been
drawn at a draw ratio of greater than 6 and the drawn multifilament yarn.
whHaMBFodulus greater than 40 grams/denier wherein af fe55t eGP+
the filaments possesses greater than about 80% crystallinity according to
WAXS measuring techniques. 22. The drawn multiflament yarn of claim
21, wherein the yarn has a tena&ti @reater than 5 grams/denier. 23. The
drawn multifilament yarn of claim 21 or 22, wherein each filament has a
denier of between 0.5 grams/9000 m 100 grams/9000 meters,
24. The drawn muk#ilament ya any one ofglaims 21 to 23, wherein
the polyolefin is a polypr ene.f25. The drawnymultiflament yarn of any
one of claims 21 to 2% wherein thhe yarn(has a modulus greater than 100

grams/denier. 286=Rpe drawn multjfilament yarn ¢gf any one of claims 21 to
25, whereiprth@ yam hag a modulus greatenthan 150 grams/denier, 27.
The drawh multifitaipent yarn of any o ims 21 to 26, wherein the

yarn hasla tenacity gr@ter than 7 grams/denier. Z8. The drawn
multifilamgnt yarn of any ne of claims 21 to 27, wherein the yarn exhibits
an eloggadtion 9f less than 10%, 29. The drawn multiflament yarn of any
one of glayms 21 to 28, wiherein at least one of the filaments 27 has a
ratio of atotial intensity to meridonal intensity greater man 1.0
accordingito XS measuring techniques 30. The drawn multifilament
yarn of arty on¢ of claims 21 to 29 wherein at least one of the filaments
has a rati¢ of e uatorig!‘i tensity to meridonal intensity greater than 3.0
accordingito SAXSsmeasygring techniques 31. The drawn multiflament

yarn of cl 29, theyyarrfurther comprising a nucleating agent
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32. The drawn multifilament yarn of claim Si wherein the nucleating agent
is a dibenzylidene sorbitol nucleating agent 33. The drawn multifilament
yarn of claim 29, wherein the yarn is contained within a secondary
product selected from the group consisting of a rope, a wo i :

WRAHRNEEN fabric 34. A reinforcement material comprising}g gl};{;?%ﬁé?%?ﬁgg
length of less than five inches, the yarn comprising at least three
filaments each filament comprisin polyolefin and exhibiting a denier of
less than 300 grams/9000 metet , the yarn 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 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 WO 2006/052559
PCT/US2005/039540 1/4 r
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