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This invention relates to a heating apparatus for drawing polyolefin

10 fibers and a process for drawing such fibers.

Description of the Related Art

High tenacity polyolefin fibers, such as gel-spun polyethylene fibers,

15 are known in the art. Ultrahigh molecular weight polyolefins include polyethylene.
polypropylene. poly(butene-1). poly(4-methyl-pentene-1). their copolymers. blends and
adducts. They are prepared from ultrahigh molecular weight polyolefins, and in

the case of polyethylene, ultrahigh molecular weight polyethylene (UHMWPE).

The preparation and drawing of such tibers have been described in various

20  patent publications, including U.S. Patents 4,413,110; 4,430,383: 4.,436,689;
4,536,536; 4,545,950; 4,551,296; 4,612,148; 4,617,233: 4,663,101; 5.032,338:;
5,246,657; 5,286.435; 5,342,567; 5.578,374; 5,736,244: 5.741.451; 5,958.582;
5,972,498; 6,448,359; 6.969.553 and U.S. patent application publication

2005/0093200, the disclosures of which are expressly incorporated herein by
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reference to the extent not incompatible herewith. An oven for drawing fibers is

also disclosed in U.S. patent application publication 2004/0040176.

UHMWPE yarns are useful in many applications. such as in impact

absorption and ballistic resistant products. These include body armor, helmets,



line, sails, ropes sutures and fabrics. In a typical draw ng configuration,
the gel-spun fibers are prepared 5 by spinning a solution of ultrahigh

nol ecul ar wei ght pol yet hyl ene, cooling the solution §j a gel
state AWA2QRQ7B5FLnovi ng the spinning sol ution. The s%ngn ES% @E/ra“s&g?e t hen

drawn to a highly oriented state. In the drawing operation, typically the
spun fibers are first fed to a first stack of heated rolls, then through
one or nore ovens (typically four), then to a second stack of heated rolls,
then to i0 one or nore additional ovens (typically tw), and finally to a
third stack of heated rolls before the fiber or yarn is wound up. The speed

and tenperat ur &;Qtap QH?Q%!%]@H &n?do@it@?do‘:’étetﬁﬁlipn@ﬁt. afiRyldiCals§ TREL B Uishignd

tenperature profile in ovens, to obtain the désired draw ng ratio and
product char actléei sailscropessutuies addabricsor yarn. The fibers are subjected to a
two stage draw operation in accordance is with this configuration. Although
such a configuration has produced excellent quality fiber and yarn, the
overal | operation is ekbar¥pical dygpeing opfigurasion: ithe gelrspun ifivgrs Asp deeraidy set s
of rolls, and tkesdifmingaiBtitioh f LRShidCheRculki weRNdt Holp@hdierd, 'cblify e 20

provi de an oven configuration for polyethylene fibers which was |ess
expensive to opstiondilamants sopgehsasid thEmmEPavinsthe spinnipg setution. athsi gher

rate. SUMVARY Qpud HibetsNYEMEh@hvwiptd & hahBoskER@estate.t ln tHal drawing &ipetadion, t her e
is provided a heating, K apparatus useful for_  draw n ultcL%ﬂlg m%‘Iec | ar
5 folg: thet

pp ) . .

wei Ght - pol yol ef RICAIEtiepuR FBers AEsd sp pAralitrek OBk " PN set of
roll's; a plural ddeyor@horadloV@izqepRY Ry four), Bend WE&ohd ¥atk oOheattd rbid/ i then @ne end
30 adjacent to the first % t. of| rolls anq an. pgo(glrte end; gng a ’ecfond set
of rol I's ad|hoet PloMoRe el ey, AvaiFalpnEvall AP ey & @ Byd sackile 1 ot
and second set ldatedoblis béferenye filapirgdr B vasuad iuge Theepetdsint @enpatiavd 6y of t he
pol yolefin fi betrl%'rolls are adjusted, as are the temperature and temperature profile in the

ovens, to obtain the desired'drawing ratio and product characteristics in the fiber

or yarn. The fibers are subjected to a two stage draw operation in accordance

15 with this configuration.

Although such a configuration has produced excellent quality fiber
and yarn, the overall operation is expensive due to the multiple heating zones
and sets of rolls, and the throughput is restricted. It would be desirable to

20  provide an oven configuration for polyethylene fibers which was less expensive

to operate and could provide drawn fibers or yarns at a higher rate.

SUMMARY OF THE INVENTION

23 In accordance with this invention, there is provided a heating
apparatus useful for drawing ultrahigh molecular weight polyolefin fibers, the
heating apparatus comprising:

a first set of rolls;
a plurality of aligned ovens, the plurality of ovens having one end

30 adjacent to the first set of rolls and an opposite end; and

a second set of rolls adjacent to the opposite end of the plurality of
ovens, the first and second set of rolls being adapted to provide the desired

drawing of the polyolefin fibers.

~



2 WD 2007/ 078569 PCTI US2006/ 046766 Al so in accordance with this invention,
there is provide a process for draw ng ultrahi gh nol ecul ar wei ght pol yol efin

fibers, the process conprising passing the fibers th i ng
appar at'té ,200[7ﬁ%85ﬁ%ati ng apparatus conprising: a plur aP??ﬁg(%@dg%’?ééned ovens,

the plurality of ovens having one end 5 adjacent to the first set of rolls
and an opposite end; and a second set of rolls adjacent to the opposite end
of the plurality of ovens, the first and second set of rolls being operated
under conditions to provide the desired drawing of the polyolefin fibers
and drawi ng the fibers between the first set of rolls and the second set of

rolls to a 10 predet epHoadcedradmce afithtthis ihvdhdionnae if prevtletabeddy rgyodi fyi ng
the previous drawi ng confjguration el imnati the second set_ of rolls

I | by L
and provi di ng adrawmgedtrghish fpolecular Weishl, pofxolelp | HpSIse e, Pracess Mg WEas
pol yet hyl ene fihRgifg hrvivess Wrmizh abkginkppiafe!the Réatidgaphratadtahpasha@t | ower

capital expense, |ower operating expense and t greater throughput. Such
fi bers al so have inpr o%@“ﬁ’?‘&b@gf"@ s%ﬁ’%ﬁ"ﬁgﬁﬁﬁb‘?ﬁ%@aﬂ% NGS 20
This invention Ndjidentad R Rrstiget of folls hid amndgosioard; andl further advant ages

wi || becone apparent when referepce is.nmade to the foll ow, det.ai | ed
description of the pref&ffuyd %Hﬁgb‘ﬁlﬁé’t‘fi@e'&fmtt'I\eec’?W%Fﬁ"g\# gﬁd"i"ﬁély of
acconpanyi ng dr ging0the firdt \&hd GBcondSsdt! dB dolls Shethgs 6peadid i uhdwrd ewndifiond doy pi cal

oven configuration enpl oyed, .in the draw of. pol yethylene fibers. FIG2 is
a schematic vi e9\V°ES'F’etg%e‘?%%41d’83m5 ‘8.15'?%‘?‘?\,}‘6‘5]9%'? I-'P%F gxqenventi on whichis
useful in the daawirgxheffibelst bethegintheBirecel off roeiagd thepetyirt sty berdisfiblaers. 3
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0~ predetermined draw ratio.

It has been found that by modifying the previous drawing
configuration by eliminating the second set of rolls and providing a series of
horizontal ovens, polyolefin fibers such as polyethylene fibers having desirable

15  properties can be obtained at lower capital expense, lower operating expense and

at greater throughput. Such fibers also have improved properties.
BRIEF DESCRIPTION OF THE DRAWINGS

20 This invention will become more fully understood and further
advantages will become apparent when reference is made to the following
detailed description of the preferred embodiments of the invention and the

accompanying drawings, in which:

25 FIG | is a schematic view of a typical oven configuration employed

in the drawing of polyethylene fibers.

FIG 2 is a schematic view of the oven configuration of this invention

which is useful in the drawing of ultrahigh molecular weight polyethylene fibers.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention conprises a
heati ng apparatus for drawi ng ultrahi gh nol ecul ar wei ght pol yolefin fibers
and a drawi ng such 5 fibers. For the pur present
|nventﬁ%§%a@%VF%ér is an el ongate body the |length dlﬁ@ﬁ?ﬁ%ﬁké%pﬁglch IS
much greater that the transverse dinensions of wdth and thickness.
Accordingly, the term"fiber" includes one, or a plurality 10 of,
nmonofilament, rultifilament, ribbon, strip, staple and Qther forns of
chopped, cut or discontinuous fiber and the |like having regular or irregular
cross- sections. The tern1"f|ber" |ncludes a plurallty of any of the
foregoing or a conbi nREDA D (T 4 i QFSTHECK PUN strand conpri sed
of many fibers or ti laments. is The cross-sections of fibers useful herein
may vary widely. They may be circular, flat or oblong in cross-section.

They may al so be of i rihegpresant gnventiowdomprisesl @ i heriig lapparesys fere davane havi ng
one or nore re P¥; ¥ r

| ongi t udi nal agﬁ%ﬂgp:Bﬁk&@ﬁ%&%@%tﬁBBﬁ?fog&gfgégQ?ﬁ%%&%HB?%gh#P §pgpbe of
substantial by &bewsul ar, flat or oblong cross-section, nost preferably
substantially circular. U trahigh nol ecul ar wei ght polyolefins useful in the
present invention include polyethylene, polypropylene, poly(butene-1).

pol y(4- et hyl - pent ene-fior the lZlB‘PP%éloft|1s-d1§@ﬁ¢9'rrlEV@“'°BI e filer iaAd clonarie bedy These

pol ymers typicgld Mn%ﬁ\éﬁnéﬁxdnrﬁfﬂbmﬁ fs ﬁ{héh ﬁatemmﬁ@ t.aﬁsa;égsam.ﬂm@l%al in at
135C of from about referably, the yarn to be
drawn conpri sesV'éthpﬂ@Flyb'Fh'}ESéné\cﬁ%m!%@' tigotegm “figer’ |'ﬂ%|t"ée5\ﬂ"§c@'§l plyrgligy decal i n
of from abqyt &rt ahBfidkint, np.m.fna.ﬁérﬁr mbunf 5PiR) seéa,wtanaoom@: 38l o8, and
nost preferably from about Pr.ef er abl to be drawn

a
conprises a polcheRnTgh dhar Wa%mtrgwwr 't“f‘rb‘ﬁe Hbomving "“'ar or "%"‘T‘“ cross-

sections.  The term “fiber” includes a plurality of any of the foregoing or a

combination thereof. A yarn is a continuous strand comprised of many fibers or

filaments.

The cross-sections of fibers useful herein may vary widely. They
may be circular, flat or oblong in cross-section. They may also be of irregular or
regular multi-lobal cross-section having one or more regular or irregular lobes
projecting from the linear or longitudinal axis of the fibers. It is preferred that

20 the fibers be of substantially circular, flat or oblony cross-section, most

preferably substantially circular.

Ultrahigh molecular weight polyolefins useful in the present invention

include polyethylene, polypropylene, poly(butene-1), poly(4-methyl-pentene-1),
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their copolymers, blends and adducts. These polymers typically have an
intrinsic viscosity when measured in decalin at 135°C of from about 5 to about
45 dli/g.

Preferably, the feed yarn to be drawn comprises a polyethylene having

30 an intrinsic viscosity in decalin of from about 8 to 40 dl/g, more preferably from
about 10 to 30 dl/g, and most preferably from about 12 to 30 dl/g. Preferably,

the yarn to be drawn comprises a polyethylene having fewer than about one

methyl group per thousand carbon atoms, more preferably fewer than 0.5 methyl



met hyl group per thousand carbon atons, nore preferably fewer than 0.5
met hyl 4 WO 2007/ 078569 PCT/ US2006/ 046766 groups per thousand carbon

at ons, "gﬁqo‘bﬁﬁiﬁd’ han about | wt. % of other consti tu?ern%s &Q&#kérahl gh
Wel g :

nol ecul pol yol efins may contain small amounts, generally |ess than
about 5 weight percent, and preferably |less than about 3 weight percent, of
addi tives such as anti-oxidants, thermal stabilizers. s colorants, flow
pronoters, solvents, and the |ike. The gel-spun pol yethylene fibers to be
drawn in the process of the invention may have been previously drawn. or
they may be in an essentiall undrawn state. The process for formng the
gel - spun pol yegteybe per ftb@t&alvélcwbgarﬂt@ms,b@d)msdhaft laboysr bowts Sesofdeder i bed,

for example, byl Unkt ufahSR. mUIRSF Sveidhe SefvoRifs, P @audilamd) 741, 451

and 6, 448,659. |In the case of ene_suitable fibers are those of
wei ght aver ageamﬁmtecgﬁnafallwérsgnbaroﬁb%ﬂt 3 waight geysert: asbpefablylesdhabl y at

l'east about ongydltl3 vefgn: bécaﬁdomd@uws%t.a{ ﬂ?hﬁ(n-@@iﬁﬂﬁ?rkh&lﬂwtstaﬁamem I'l'ion
and about five mllion. In the case of %Blm) ecul ar ‘wei ght pol ypropyl ene
I

fibers, thede Relgranisy BOW RFRDQRIS: S%Yﬁ‘é‘#%g@ iKBul ar wei ght at |east about
200, 000. preferably at |east about one mllion and nore preferably at | east
about two mllion. 20 The tenacity of the feed yarn may range fraom about 2
to 76, preferably fThergcksruy pejyethylene fibgrsetapefdsawym iy th? HPEBoef eto 51,

grains per denij®enfiéi thay wa%er&aww&au dralivl bR j Ady 8¢ iR afadGAih@ngt h of
10 inches (25.4 cm and at a strain rate of |009 25 In the follow ng

description retBf@HASHE T["S?M“?F&F-"I fpr feryung H‘%Gf%l“rﬂﬂ'\%‘f@"e'ﬁ'ﬁﬂ&"blﬁ?“ it
shoul d be undeibstoﬁ%ftﬂtaﬁroaeufda ddscs:bb@sm exadh$16, BNy FU . BOoPAER N umped yol ef i n

typi cai 30 or dangoBrererUnSze st MBI ol eoul ar wel aht pol yet hyl ene
yarn. Yarn 12
In the case of polyethylene suitable fibers are those of weight average
molecular weight of at least about 150,000, preferably at least about one million
15 and more preferably between about two million and about five million. In the
case of high molecular weight polypropylene fibers, these may have a weight
average molecular weight at least about 200,000. preferably at least about one

million and more preferably at least about two million.

20 The tenacity of the feed yarn may range from about 2 to 76, preferably
from about 5 to 66, more preferably from about 7 to 51, grams per denier (g/d)
as measured by ASTM D2256-97 at a gauge length of 10 inches (25.4 cm) and at

a strain rate of 100%/min.

25 In the following description reference is typically made to polyethylene
fibers but it should be understood that such disclosure also applies to other

polyolefin fibers.,

With reference to Fig. 1, there is shown in schematic view a typical

30 drawing operation 10 for ultrahigh molecular weight polyethylene yarn. Yarn 12
is fed from a source (not shown) and is passed over a first set 14 of rolls 16.
These rolls are typically heated to a desired temperature. The yarn |8 exiting the

rolls is fed into four adjacent horizontal ovens, only two of which 20, 22 are

shown. These ovens may be hot air circulating ovens. The yarn 24 exiting the

w



is fed froma source (not shown) and is passed over a first set 14 of rolls
16. These rolls are typically heated to a desired tenperature. The yarn 18
exiting the rolls is fed into four adjacent horizont y two of
whi ch 20 2803/0Z8869 shown. These ovens may be hot air cI Tﬁgg{a}?’%‘g&%ﬂvens. The
yarn 24 exiting the 5 WD 2007/078569 PCT/ US2006/ 046766 first set of ovens
then passes over a second set 26 of rolls 28 and is drawn as yarn 30. Yarn
30 is then fed into two nore adjacent ovens 32, 34, which nmay also be hot
air circulating ovens, and the yarn 36 exiting oven 34 is then fed over a
third set 38 of rolls 40 and is again drawn to the desired anount. The

fi n: shed 5 Kar NfirdPselt 9 f ohes tlhlad phﬁes’ioﬂfiﬂr Edsettblﬂﬂ =t 26 it;xﬁrloldmat asd sAdvawvnBig

enpl oyi ng three set, s, the.fibers are,.subjected,to a t. st age

dr awi ng oper at i 6A" "6@’ BJH’“? é&é? @WBJQCFH‘“?:P&‘? mpre t“ﬂ%creg{ PEEns H&v\n’\“’i“ﬁh'\é\fg%‘?rati c

vi ew the heati ngso BgipaaitcirgulhtidPowehns,land she yavie B6 exiting blvdn 3xhis giennied ecdt! ar

wei ght pol yet hyl en iy 2 1s fed fro I.C not own). .and is
passed over a f% &‘é‘g 5§§§3t1r8n6%63?¢ V&%a'?‘o‘{r?%%i‘g.g9%'1@?3"}06'”s ne\é\@'émﬁ't be
heat ed, al t hougyarpa2icthabfed tblaavihd np stafienumoobiasvn)aBg engiloyieaitheet sxdoft he
remaining rolls_are heated to, preheat the fipber. 19 to drawi ng. Although
a total of 7 ro'Iqﬁg*%P%ﬁgﬂ%\%ﬁ s’l“Prf%EF%EO ibt,&qt‘ﬁa encﬁ%@ Bé%rg{'% ‘I's may be higher or
| ower, dependi ng upon the desired configuration. The yarn 118 is is fed into

si x adj acent horizont alWﬂy?e?%glﬂtl%QO Fég\zlghlggl%%seh]os\@lm 18)%mai‘i§gie\\a{l)+>lllgjtilwﬂ ch

preferably are hot air circu ng arn s prefera
not . support ed i appatanes bideofsthisYaventio®? Wdcaliigh molegular oeight peiyethiilene pawses over

a second set, 13#,0f . dEi I .S, i i mi Vrn 138.
The second 1-éuet @322'55?&1F'J?'(\gﬁq%c{ug%éﬁgtﬁgmﬁﬂg %%f‘%éggoﬁrﬂgﬁ&t %el[e I_? ‘?ﬁf}@hﬁ yarn is
cool éd to at | ewdls Ih6] dheootpoerd DD heated: attkaysh prefergblyrthe &rsy dew ralls

ori entat i on_and,GoicR gkiaPing HRGenRiifCrolS ard Maked folbrefRP L s b Ry De
hi gher or lower than that the 7 rolls shown in Fig. 2. and may be the sane
or different frémvinge Mmeh agpalof 7 gollsis stopynsip Frig3|g4 theaumbey of kedls nay38
exiting second poOhishs€sr 1534, depdiafiy (pRH thOd&irt @gnﬁ*ﬁration. The yarn 118 is
15 fed into six adjacent horizontal ovens 120, 122, 124, 126, 128, 130, all of which
preferably are hot air circulating ovens. The yarn is preferably not.supported in
the ovens. Yarn 132 exiting last oven 130 then passes over a second set 134 of
driven rolls 136, and is drawn into finished varn 138. The second set 134 of
rolls 136 should be cold so that the finished yarn is cooled to at least below
20 about 90°C under t'ension to preserve its orientation and morphology. The
number of rolls in second set 134 may be higher or lower than that the 7 rolls
shown in Fig. 2. and may be the same or different from the number of rolls in
first roll set 114. Yarn 138 exiting second roll set 134 is then fed to a wind up
station (not shown). By employing only two sets of rolls. the fibers are
25 subjected to a single stage drawing operation. The fibers are drawn between first
roll set 114 and second roll set 134. The tension is adjusted so that the fibers
need not be supported in the ovens. Thus, there is no need for idler rolls or other

supporting devices in the various ovens.

30 It can be seen that in the embodiment of this invention as shown in
Fig. 2 is a simpler design in which only two sets of rolls are needed. The middle
set of rolls of the typical apparatus has been eliminated and replaced by two
additional hot air ovens. In addition, not all of the inlet set of rolls need to be

heated, and only the rolls closest to the oven entrance may be heated. For

6



station (not shown). By enploying only two sets of rolls. the fibers are 2i
subjected to a single stage drawi ng operation. The fibers are drawn between
first roll set 1 14 and second roll set 134. The tengd ' tgést ed so
that t M 300HRPBS6? need not be supported in the ovens. %ﬁgéjoﬁﬁgﬁle is no need
for idler rolls or other supporting devices in the various ovens. 30 It can
be seen that in the enbodi nent of this invention as shownin Fig. 2is a
sinpler design in which only two sets of rolls are needed. The m ddle set
of rolls of the typical apparatus has been elim nated and replaced by two
additional hot air ovens. In addition, not all of the inlet set of rolls
need to be heakadpleaincbnerinpotiingent alitha nmheosestl! donfipivatiavenly éret lnsinkree may be
heated. For 6 007/078569 PCT/ US2006/ 046 anple, in one enbodi nent
P frebfofend,

with a nine set®PoT PSRRI A BREAISPE hree rolls closest to the
oven entrance are preferably heated. In an alternate enbodi nent, the center

ovens (124, 126) are nPt nSItlepn%{eUdne\godh ;ith%héq%a;tépgv&gp?ﬁ@t P’f@g Q‘Qtn he

m ddl e set of rolls of r'tﬁeatypl CaP™ P YONF guratron s élim’nated and only a
total of four Heelidmintnatheohenisg (appfratug.2Byr the 28iddle3ey ofrrolle bl ths dybicalhe
nunber and si ze of the ovens. . L i u t f this
i nvention may v°£P§§¥“'E>‘§%'¥ gr%ﬁlﬁﬁ?é]gi{(gg'gpe% J&H’?ﬁg?& g&ﬁzﬁﬁag@%@gﬁ’s%’i gned
in a horizont al 128ah¥Mmare ekhglepedovens may vary in length. For exanple, each
oven nmay be from about 10 to about 16 feet (3.05 to 4.88 neters) |long, nore
preferably fromabout | | to about 13 feet (3.35 to 3.96 neters) long. Their
wi dth may be any sui t aBhe nwinberrand skze|of theaeveps employeshin thy heatingrapbanaimsgi ng
nmeasur enment s, and-,yar S i tRis Wi.Rg

o ocess t heyarty HRAeEEsthay RS PrERRMPL e e T o - end RS,

cool ed down befioraehorizonta suassen hEhgse oyenssapy yfryoipelaagth. For example, each

oven may be from about 10 to about {6 feet (3.05 to 4.88 meters) long, more
preferably from about 11 to about 13 feet (3.35 to 3.96 meters) long. Their

width may be any suitable width.

It has been found by thermal imaging measurements and yarn speed
measurements that in the typical drawing process the yarn that is heated by the
first set of rolls has already cooled down before it reaches the first set of ovens
(ovens 20, 22). As a result, part of the first oven set is used to heat the yarn

20 rather than draw the yarn. While the second set of rolls 26 does heat up the yarn
again, the yarn has already begun to cool before it reaches the second set of
ovens (ovens 32, 34). Similarly, part of the second oven set is used to heat the
yarn rather than draw the yarn. This process in which the yarn is subject to heat.

cool, heat, cool steps has been found to be not as efficient as desired to achieve

19
h

the high draw ratio needed to obtain high ultimate tensile strength (UTS). high
tenacity and high modulus. In addition, the operation yield is reduced and the

capital cost is increased due to the need for three sets of rolls.

It has been found that by eliminating the middle set of rolls the yarn

30 is not subject to the heat. cool, heat, cool process steps of the typical process.
Rather, the yarn maintains the heat needed for continuous drawing of the yarn.
Thus, yarn can be produced at higher speeds and the yarn can have improved

tenacity, modulus and ultimate tensile strength. The straight-line oven

arrangement also increases operation efficiency.



(ovens 20, 22). As a result, part of the first oven set is used to heat the
yarn 20 rather than draw the yarn. Wile the second set of rolls 26 does
heat up the yarn again, the yarn has already begun t it
reachegv@ﬁ@” é@6hd set of ovens (ovens 32, 34). Siniﬁ%ﬁﬁg%mgg%?&gf t he
second oven set is used to heat the yarn rather than draw the yarn. This
process in which the yarn is subject to heat. cool, heat, cool steps has
been found to be not as efficient as desired to achieve 25 the high draw
ratio needed to obtain high ultimate tensile strength (UTS). high tenacity
and high nmodulus. In addition, the operation yield is reduced and the
capital cost is increased due to the need for three sets of rolls. It has

been found that by eli gl natbi ng tlge giﬂdle set of roll.s the iE\4arn 30 is not
subject to the heat. cHdianbRSE thatfhe hegting apraraius germifs 4 ¢ROHUNNS, SiPEIS: cess.
Rat her, the yardtageadratvitigns thé €ibbeadt yare edad Hear with whiyntheuse difawongtsodf t he
yarn. Thus, yarqn can .praoduced at hi.gher s ds _and the-yarn can have

i mpr oved tenacri°ﬂ§f, ﬂhﬁ(gﬁﬁ'cg"ga%fn@pﬁrlaf‘\sﬁﬂﬁ grch?‘fscﬁﬁ © VPR T t>%h“‘é’eb‘l(fﬁ‘r(i':l'ic’ght -line
oven arr angenedvawathe ofiben caveds Femoher mhxiomne dfave irgtivcyn  ordev\@o 20uded 1569

PCT/ US2006/ 046766 |t ﬁ§§gﬁgPi hat the heating apparatus permts a

en
cont i nuous, si ngfftEntial '\?ﬂ"ﬁedt“()f the fiber or yarn under heal with only
the use of two sets of rolls. In addition, the apparatus and process of the

i nvention can be operat.gd 5 draw the fi \ nLom.the. ' dr aw
i hBoeafi i dfed SIRE yBY Bl e U AP AL

ratio in order to reduce
t enper at ur e andmspdedvapied tasaleyizadn For exagipl¢. mehwranpregtemppatut wontrolied be

varied as dggi I Shes FRY eREPIREoveROSyM ediR2nd BREIALHEERARLLE BbinBouc O zones

may exist in thé ov w th each zone having a tenperature o rom about
125C to about 16UCC woakoupriéPLs.abbse pretamabindiam po@ W °GbisuabousdE0°C.

Preferably the bemRen @iy Empbialird wAnFONSorleSs EOdIRY ke Jarl Jeathi 885l han 12C
(a total less than ), nore preferab |l ess than t1C (a total less than
20) . total less than 4°C), more preferably less than %1°C (a total less than 2°C).

15 The drawing of yarn generates heat. It is desired to have effective
heat transmission between the yarn and the oven air. Preferably. the air
circulation within the oven is in a turbulent state. The time-averaged air velocity
in the vicinity of the yarn is preferably from about 1 to about 200 meters/min.
more preferably from about 2 to about 100 meters/min, and most preferably from

20  about 3 to about 100 meters/min.

As pointed out above, the yarn path in heating apparatus 110 is
preferably in an approximate straight line from inlet to outlet of the various

ovens. The yarn tension profile may be adjusted by adjusting the speed of the

[
W

various rolls or by adjusting the oven temperature profile. Yarn tension may be
increased by increasing the difference between the speeds of consecutive driven
rolls or decreasing the temperature in the ovens. Preferably, the yarn tension in

the ovens is approximately constant, or is increasing through the ovens.

30 Typically, multiple packages of gel-spun polyethylene yarns to be
drawn are placed on a creel. Multiple yarns ends are fed in parallel from the
creel through the first set of rolls that set the feed speed into the drawing oven,
and thence through the ovens and out to the second set of rolls that set the yarn

exit speed and also cool the yarn under tension. The tension in the yarn during



15 The drawi ng of yarn generates heat. It is desired to have effective heat
transm ssion between the yarn and the oven air. Preferably. the air
circulation within the oven is in a turbul ent state. g raged air
vel oci O 20070183% vicinity of the yarn is preferably f&ﬁnug%)ggz?ﬁ?lﬁ%t o about
200 meters/mn. nore preferably fromabout 2 to about 100 neters/mn, and
nost preferably from 20 about 5 to about 100 neters/mn. As pointed out
above, the yarn path in heating apparatus 110 is preferably in an
approximate straight line frominlet to outlet of the various ovens. The
yarn tension profile may be adjusted by adjusting the speed of the 25

various rolls @bolg Rdhaiftaided subfidiy €6 hdlaNRE yarh it 6israbh ledgthYregiectiagsi on nay
be increased by increasing the difference between the speeds of consecutive
driven rolls dge'ﬂ‘é FEULFY Yt he tenperature in the ovens. Preferably, the
yarn tension in the ovens is approxi mtely constant, or is increasing

t hrough the ovens. 30 ically, multipl.e kages of gel-spun pol yethyl ene
yarns to be drawn ar e'—lr%ef)g(v’eéralloq{mé r@?‘%é’lf.thmfsp'ln@ fﬁpns':legﬂg‘g"éaro@ %éd in
paral | el fram tdesiredpopbrtichodughfibere For etangst, thé drawd kaiot lhay rage fide f eed
speed into the draw ng oven and_t hen rough, t he gyens, and out to the
second set of r PT"\;W'tlﬂatP @8&" ﬁ\lg '9%fFrVrgfg'3?¥’B' @%ﬂ@@%n‘dﬂlﬁggb%‘ggllo'#ﬁé’dyarn
under tension. nibs ptef@rablgrdmatidue | artn adoutildg. 8 WO 2007/ 078569

PCT/ US2006/ 046766 cooling is maintained sufficient to hold the yarn at its

drawn | ength neglecting thermal contraction. The overall draw ratio of the
fibers may vary, depend@hecspeed tdiethe Sfickesitheugipribpchedatios appamhs df beiss. For

exanpl e, t hﬁ’r driﬁylv%‘lrti%bin%)jz‘@{o {/zﬂ‘pgg’oﬂ %\O‘%l%??é%ad ]Hn%rs;)%eetegs g%)l%gs uﬂe?/l: l%y thgor €

preferably om abou 0 0 pretera rom about
1.5:1 to about speediof thhsewpdeet affroiswway bé@om atioub2@te tdembtesiining nagpar at us

of this 10 inveori.af R b5k YR abbl sEHABYrin! YPhe Fhe | 08P 1AREUS as

measured by th
dependent on the desired denier of the yarn.

15 The apparatus and process of this invention are useful to produce
high tenacity fibers. As used herein, the term “high tenacity fibers” means fibers
which have tenacities equal to or greater than about 7 g/d. Preferably, these
fibers have initial tensile moduli of at least about 150 g/d and energies-to-break
of at least about 8 J/g as measured by ASTM D2256. As used herein, the terms

20 “initial tensile modulus™. “tensile modulus™ and “modulus’ mean the modulus of

elasticity as measured by ASTM 2256 for a yarn.

Depending upon the formation technique, the draw ratio and

temperatures, and other conditions, a variety ot properties can be imparted 10

25 th'ese fibers. The tenacity of the polyethylene fibers are at least about 7 g/d.
preferably at least about 15 g/d, more preferably at least about 20 g/d, still more
preferably at least about 25 g/d and most preferably at least about 30 g/d.
Similarly, the initial tensile modulus of the fibers, as measured by an Instron
tensile testing machine, is preferably at least about 300 g/d, more preferably at

30 least about 500 g/d, still more preferably at least about 1,000 g/d and most
preferably at least about 1,200 g/d. In a most preferred embodiment, the fibers

after drawing have a tenacity of at least about 35 g/d and a modulus of at least
about 1,200 g/d. Many of the filaments have melting points higher than the

melting point of the polymer from which they were formed. Thus, for example,



speed of the second set of rolls may be from about 20 to 100 neters/ mn.,
nor e preferably fromabout 30 to about 50 rreters/m n The line speed is

al so ?&qﬁggﬁpn the desired denier of the yarn. | SdhgsABE @[?&us and

process nvention are useful to produce hlgh enacity bers.

used herein, the term"high tenacity fibers" neans fibers which have
tenacities equal to or greater than about 7 g/d. Preferably, these fibers
have initial tensile noduli of at |east about 150 g/d and energi es-to-break
of at |east about 8 1/g as neasured by ASTM D2256. As used herei n, the teens
2u "initial tensHermqus 3 sile ‘modul us” rreanthe

modul us or  elligh malgeylag s“"i’r’é’ﬁﬁ?ﬁ-‘é%“ﬁ?}’%‘%?%%ﬁi 3@@ aboytpne MiligR A9ng upon
the formati on dl:@ﬁmdwﬂhoﬁ h.eledmame@m ghnafady hvedTive tink WoRfs inahe balkhaT

condi ti ons, g tle a rted t 25 these fibers. The
tenacity of th'e’ pe&l @E‘E ﬁW‘ EV ﬁ?genﬁ‘tﬁl?'%& g\ o?ﬁthe/seé’?aﬁe”%? R4¥&r abl y at

| east about 15ma/adg pﬂﬁfs%fm‘cﬁf ﬂfoﬂb?"j{: wtabb@aSeC atgheit 'ﬂﬁ)sg{'dnghsmt}ehsdﬁﬁr e
preferably at | east 25 g/d a ast .about 30 g/cl.
Bt varty. £ hemfine paine faneeR ¥ SroifndPatecRREasd Blbd o iSRRI, 2,

I nstron tensiéfahé ARiviens asecinpared td the pokkfpelyaldry at | east about 300 g/d, nore
preferably at 30 | east about 500 g/d, still nore preferably at |east about

1,000 g/d and nost preferably at |east about 1,200 g/d. In a nost preferred
enbodi ment, the fiber s'heaésuhmtdamwinray Haaum;asmahhdempr ahchads fr@aaabo@bout 35

g/d and a mdULﬁFg%c’“?PRgcﬁ 'H%r’ ﬁ'ﬁgﬁu%’m#dgba “ “?‘M?ﬁé ggPéQGzofo Id%rr;r%nts have

mel ting p0|nts romvx/mchthey
wer e fornedo TEmmplés)of ﬁwadqrhe procﬁlctA@nc]Dd)eﬂl{O?@ESQS ACD/ UBR066G/ 62665  hi gh

mol ec_ul ar wei g 5 8 ijt Gé/mﬁ? é’r ao 'tht%ﬁsgenqg- rga&ﬂ’%cﬂtgg 966' lIOBr%n nd  about

tvvomlllonrmecuar werl I'n the bul k of
138C. The hi ghl300adenient é"ue anh«}dmes ¢hdsand¢nesdlma@e thxf dEtSired;demattUrl al's

have el ting paials 1 cfdigik B PHIdudEa | SoPRA: YhAGHLFAGEm TWSe 24008! 1 ONt

increase in
denier, and thus the draw ratio is about 1.85:1. To produce a 375 denier product,

15 the feed yarn may be 650, with a draw ratio of about 1.73.

The yarns produced by the apparatus and process of this invention
may be used in a variety of applications for which such yarns are suitable. They
are useful in impact absorption and ballistic resistant products, such as body

20 armor (bullet resistant vests and the like), helmets, aircraft shields and seats,
composite sports equipment, and in fishing line, sails, ropes, sutures and fabrics
{e.g., woven, knitted, braided or non-woven). Typical non-woven fabrics
include a unidirectionally array of oriented varns. Fabrics formed from such

yarns may be used together with a matrix resin. They yarns may be blended

1%
(¥

with other types of yarns, both high strength and conventional strength yarns.

The following non-limiting examples are presented to provide a more
complete understanding of the invention. The specific techniques, conditions.
materials, proportions and reported data set forth to illustrate the principles of the

30 invention are exemplary and should not be construed as limiling the scope of the

invention.



5 nelting point reflects the crystalline perfection and hi gher crystalline
orient ation of the filanents as conpared to the bulk polynmer. The resultant

yarns ngy 2 %?y sui tabl e deni er, such as from aboutPCTﬁ%ZMg{&gpﬂgt 3000

deni er, nDre preferably from about 75 to about 2000 deni er Exanpl es of
fine denier products include those of 75, 100. 130; 150. 180, 215, 375 and
435 deni er. Exanpl es of high denier products include 900, 1100 and 1300
denier. The feed yarn denier is chosen depending on the desired denier of
the yarn. For exanple, to produce a 1300 denier yarn the feed yarn nay be
2400 denier, and thus the draw ratio is about 1.85:1. To produce a 375
denier product, t s the feed yam mgEXAMPRLESYth a draw ratio of about
1.73. The yarns produced by the apparatus and process of this invention may
be used in a variety of applications for which such yarns are suitable. They
are useful in i le, eand ballistic resistant products, such as
body 20 arnor (bullet resistant vests and the |ike), helnets, aircraft

shields and seats. conpRRhigh MOENS \eﬂgbtpﬁm{ttthyléﬁdﬁbé?s E.+esénwg ihia"@vo sai | s,
ropes, sutures and fabrics (e.g., woven, knitted, braided or non-woven).

Typi cal non- wovEALE $Bwiie an ovmoaﬁauranmvmch@@Mdsﬁafw selrf AQurversy 4t ed

yarns. Fabrigs E&m@@etfdfq%%we& WIS DfirsiBt dPaols @ ihRaRddiRe s¥ond sex AL T X
resin. They yarns nm ended 25 with ot her t%pes of yarns, both high

strength and coFR)Er‘l‘Fzéﬁ'aYd sst plioYe i 4/ppnsT as 4eRéCsbIn 8% Ing™ non- limting
exanpl es are presented to provide a nore conplete understanding of the

invention. The specifi cTherhfth @¥esch Svenil 12 RAS3, 66@?@&!@\“?& s@iloPRQVERONS and
reported data set forth to ilTlustrate th qPﬂinCI ?s{ 8f the 30 invention are
exenpl ary and sHSHp 88 fst 'ﬁe“dﬁh@’tdr‘h’eﬁfc%‘?? ?‘ieﬁg Ate 24 5hE-Hr ™ he
i nvention. 10 WD 2007/ 078569 PCT/ US2006/ 046766 EXAMPLES Exanple 1
(conparative) The temperature of the rolls is as follows: first set = 125°C, second

10 set = 125°C and the third set = 25°C. The temperatures of the first and second

sets of ovens are 150°C.

The starting denier is 2400 and the final denier is 1100. The draw
ratio is 2:2:1. The speed of the first set of rolls is 16 m/min, the speed of the
second set is 26 m/min and the speed of the third set of rolls is 34 m/min.

15 The tenacity of the resulting fiber is from 35 to 37 g/d and the initial
tensile modulus is 1150 to 1200 g/d.

Example 2

In this example, ultrahigh molecular weight polyethylene fibers are
drawn in a single stage draw in an oven configuration which includes a set of six
20 horizontally aligned ovens, in a manner as depicted in Fig. 2. Only two sets of

rolls are used, an inlet set (first set) and an exit set (second set).

The length of each oven is 12 feet (3.66 meters), so the total length of
the 6 ovens is 72 feet (21.95 meters).

The first set of rolls has a temperature of 125°C, and the second set of’

[
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rolls has a temperature of 25°C. The temperature of each oven is 150°C.



U trahi gh nol ecul ar wei ght pol yethylene fibers are drawn in a two stage
draw in an oven configuration which includes a first set of four ovens and a
5 seco wo ovens, with a first set of rolls, ate second
set of nalpgﬁ(a{ﬂé&g% athird set of rolls in a manner as P?iﬁpl c{' q?ﬁkFl g. 1.
The |l ength of each oven is 12 feet (3.66 in) so the first set of 4 ovens
totals 48 feet (14.63 m and the second set of ovens totals 24 feet (7.32
in). The tenperature of the rolls is as follows: first set= 125C, second to
set = 125C and the third set = 25C. The tenperatures of the first and second
sets of ovens are 150C. The starting denier is 2400 and the final denier is
1100. The draw rati o Ths starting derférds SfRdenist i ghe finad denier isolfl 0P glenisr | s 16
mmn, the spe ﬁ'thOJ crlTr%Qerauééqof‘dTﬁ@Epe\a& f@rﬁh%?&'t@et%?%ﬂ{]% APGRinUnalthe third
set of rolls is he tenacit he resulting fiber is from35
to 37 g/d and smduoﬁmqsscondtserrgﬁrp'és wﬂdunz%mq s 1150 to 1200 g/d. Exanple 2 In
this exanple, ultrahigh nolecular wei ght polyethylene fibers are drawn in a
single stage draw in &meot\éﬁ'd%;t?%?meg‘d&ﬁﬁﬁé)ﬁbé“’% ﬁbmlmb%ggdan&me Rfabi X 20
hori zontal Iy aligned ovens, in manner as depicted in ly two sets
of rolls afe EFB’éde"@ﬁl"PhISe‘tﬁ@&‘-’(QolQ/%t set) and an exit set (second set).
The Il ength of each oven is 12 feet (3.66 neters), so the total |ength of

the 6 ovens is 72 feety cglbOReARIR I heath aﬁdai‘aiﬁs éﬁﬁloﬂéd hEafps ard
tenperature of 125C, and the second set _o a tenperature of

25C. The terrpepafrmeé 'Gfaé&%f’rﬁ"bx?érF\aE"P!L"Séd"’°Y/\£§eszé'@‘7'F0‘?f85t§§c'P@l‘FfJ§26%/ 046766

The starting da{udamslrﬁa.zmtrbd%mme aml. donfigératiéi oﬂEﬁln@;ﬂe its Aild&aneepéer with
d for_the first set r ol m.mn and the

a drawratio 2 The f
speed of the séE?chPfs['g‘P‘ ?Eﬂ%‘%“f%““ﬂl "l'ﬂhr“rf Wa"fhg\f'ﬂﬂac'l'i‘);f‘%‘f‘gf"ﬁés Psul ting
fiber is fnom 3ncrédfie BPthg/prbdabtlvity s théproteaak.

It can be seen that the present invention provides an apparatus and
method for forming drawn ultrahigh molecular weight polyolefin fibers and
yarns, such as polyethylene fibers and yarns, in a cost-effective and aperationally

15 friendly manner. The resultant yarns have the desirable properties to be useful in

a variety of demanding applications.

Having thus described the invention in rather full detail. it will be
understood that such detail need not be strictly adhered to but that further
20 changes and modifications may suggest themselves to one skilled in the art, all

falling within the scope of the invention as defined by the subjoined claims.



5 tensile nmodulus is 1250 to 1300 g/d. It can be seen that the heating
apparatus enployed in Exanple 2 and operated in a manner of Exanple 2

provi des fibers of higher tenacity and nodulus than the fibers of the oven
configuration of Exanple 1. Also, the line speed of Example 2 is
significantly higher than in Exanple | so that there is an 10 increase in
the productivity of the process. It ¢ggmpasseen that the present invention
provi des an apparatus and nethod for form ng drawn ul trahi gh nol ecul ar

wei ght polyolefin fibers and yarns, such as polyethylene fibers and yans,
in a cost-WHatds ¢clamahid: operationally 15 friendly manner. The resultant
yarns have the desirable properties to be useful in a variety of demandi ng
applications. Having thus described the invention in rather full detail. it
wi |l be understood Ahladatiagappatetuaifbr deedngaitrahgghsinblectilay vadigie rppdydefitut

t hat furth?g 20 changes nd nvﬂificatio S may suggest thensel ves to one
skil | ed i ni'Pfe 1@t Onefipes alam WY \GORHNYOUS Hisaldrth FaldoficaliRg GPRYEHIS| GRSIadN&lef i ned
by the sub%g&ggﬂ Glpaims. 12 CLAIMS Wat is clainmed is: 1. A heating
apparatus for rgmnhg ul trahi gh nol ecul ar wei ght polyolefin fibers in a one
stage draw w t ha Gientetrafoolss; heat i ng, sai d heating apparatus consisting
essentially of: a first set of rolls; a plurality of horizoptally aligned
ovens, said pl u?alqrelw&f%e%%alﬁvawgﬁ@d@ﬂ@nseﬁ@d pifaﬁla‘deq?towas aee png e1d set  of

roll's and a%ﬂp%séa¥@ﬁﬁpge;tj oPAIR AU ER %Pg&iitg .gn@,rsrclﬁlrtﬂ%qse E%liﬁg ra%rgxl?%:d sha‘?ﬂll'ét

respective éeénds are 1 n abutting relatfonship to ther e a relatively
| ong cont theiroespeotien esdsc firet inadbustaigdreldtioastsp ao eharebw pyedded a oohatdedld lome end

of said continuous ove o0 said opposite end of said continuous oven, and a
second set CHFINMBYY %Vegé}lg};éﬁi S%%gé%{ﬁ &r%ﬁﬁaeaefr% deigiong sng, OEF% SPtnpOwY
ovens, sai fyen 1o said opposite end of said continuous oven, and

a second set of rolls adjacent to said opposite end of said plurality of ovens, said
first and second set of rolls being adapted to provide the desired drawing of said

polyolefin fibers and to convey said fibers through said continuous oven.

2. The heating apparatus of claim 1 wherein said fibers comprise ultrahigh

molecular weight polyethylene fibers.

3. The heating apparatus of claim 1 wherein only a portion of said first set

of rolls are heated.

4, The heating apparatus of claim 1 wherein said ovens are hot air

circulating ovens.

5. The heating apparatus of claim 1 comprising at least four horizontally

aligned ovens.

6. The heating apparatus of claim 1 comprising at least six horizontally

aligned ovens.

13



first and second set of rolls being adapted to provide the desired draw ng
of said polyolefin fibers and to convey said fibers through said continuous
oven. 2. The heating apparatus of claim 1l wherein said fibers conprise

ul trahi gh nol ecul ar wei ght pol yethylene fibers. 3. The heating apparatus of
claim1 wherein only a portion of said first set of rolls are heated. 4.

The heating appar at ush®hell dpparaphiesfail inSAiwtheRN € BECHAS Lsi@ Firddiskt arfd afdi| at i ng
ovens. 5. The heati gg apparatus of claim1 conprising at |east four

hor i zont al bggond bt gheallsopawsises] roflse heati ng apparatus of claim| conprising
at least six horizontally aligned ovens. 13 7. The heating apparatus of
claim2 wherein each of said first set and said second set of rolls

conprises 7 rol Bs. 8Thd heathpadgpagnansradiaii's viierdih 8hdh 3f Whefigdt Reearhsad said
first set and said second set of rolls conprises 9 rolls. 9. The heating

appar at us &fcond agtief toljsrrompdisegy radlens for transporting said fibers through
said ovens in an approximate straight line. 10. The heating apparatus of
claiml1l wherein said first and second sets of rolls conprise the only rolls

in said heatinggapparat hsataipdagpisiud éDelhizn Qriﬁclwflﬁl%ﬁﬁékfntsefdr trafdpORalp sad d
first set of rolls and said second set of rolls. I1. A process for draw ng

ul trahi gh fibtredlrpagh seéd gyans po by aprepximats Heaight lisei d  process conpri si ng
passing said fibers through a heating apparatus, said heating apparatus
consisting essentially of a first set of rolls; a plurality of horizontally

aligned ovens, s@id Qvemsatifl AgpacdtiaBOEMinS UCWhérbat said Miedtrankdeepeed kote oends
are in abutting relationship to thereby provide a relatively |ong
rolls comprise the only rolls in said heating apparatus and said fibers are unsupported

between said first set of rolls and said second set of rolls.

11. A process for drawing ultrahigh molecular weight polyolefin fibers, said
process comprising passing said fibers through a heating apparatus, said heating
apparatus consisting essentially of:

a first set of rolls;

a plurality of horizontally aligned ovens, said ovens being arranged such that
their respective ends are in abutting relationship to thereby provide a relatively long
continuous oven, said plurality of ovens having one end adjacent to said first set of rolls
and an opposite end; and

a second set of rolls adjacent to said opposite end of said plurality of ovens, said
first and second set of rolls being operated under conditions to provide the desired
drawing of said polyolefin fibers, and

drawing said fibers between said first set of rolls and said second set of rolls to a
predetermined draw ratio in a one stage draw with continuous heating of said fibers,
with said fibers being conveyed from said one end of said continuous oven to said

opposite end of said continuous oven and through said continuous oven.

12. The process of claim 11 wherein said fibers comprise polyethylene fibers.

14



continuous oven, said plurality of ovens having one end adjacent to said
first set of rolls and an opposite end; and a second set of rolls adjacent
to said opposite end of said plurality of ovens, said first and second set
of rolls being operated under conditions to provide the desired draw ng of
said polyolefin fibers, and draw ng said fibers between said first set of
roll's and sai d spconghégioceds dfdlhitn | D wherdM Sﬂlgtﬁﬁéﬂiﬁﬁ%f@fai@vﬁfs%dtQ)f'r@llsa one
stage draw with conti nuous heating of said fibers, wth said fibers being
conveyed faefealed.d one end of said continuous oven to said opposite end of
sai d continuous oven and through said continuous oven. 12. The process of
claim 1l wherein said fibers conprise polyethylene fibers. 14 13. The
process of claimll Thepecess@flchird 1PaTHerdn saifl osesthré hosdir Siedul@fngl@khs are
heated. 14. The process of claim 11l wherein said ovens are hot air
circulating ovens. 15. The process of claim11l wherein said apparatus
conprises at |east four I Z al | ign oven 16. The of
claim1l wherei ﬁss'sai gHean)Otaarggast%fga%:%lml)?i@eeég%t% gfieagg?rsagllsxco 6lrslesz§{1fé§?%lsf§u%l i gned
ovens. 17. hdi@nki9GEgseddveakai m 12 wherein each of said first set and said
second set of rolls conprises 7 rolls. 18. The process of claim 12 wherein
each of said first set and said second set of rolls conprises 9 rolls. 19.
The process of ai ej L d,fiber £ I h ai d
ovens in an app?g(i)'xi %ﬂieéps ?’éﬁ% fﬁﬁ?ﬂel.évg ?ﬁﬁ%éfﬁé%aggég%(%%’%gféasi ‘%[101%%@8 erein
sai d fi ber BorddoataligtalighgPerehed by any structure in said ovens. 21. The
process of claim 1l wherein said fibers are drawn to a draw ratio of from
about 1.1:1 to about 15:1.

17.  The process of claim 12 wherein each of said first set and said second set

of rolls comprises 7 rolls.

18.  The process of claim 12 wherein each of said first set and said second set

of rolls comprises 9 rolls.

19.  The process of claim 11 wherein said fibers are transported through said

ovens in an approximate straight line.

20.  The process of claim 11 wherein said fibers are not supported by any

structure in said ovens.

21.  The process of claim 11 wherein said fibers are drawn to a draw ratio of

from about 1.1:1 to about 15:1.

22.  The process of claim 11 wherein said fibers are drawn to a draw ratio of

from about 1.2:1 to about 10:1.

23.  The process of claim 11 wherein said process operates at a line speed of

from about 20 to about 100 meters/min.

13



22. The process of claiml 1 wherein said fibers are drawn to a draw ratio
of fromabout 1.2:1 to about 10:1. 23. The process of claim1ll wherein said
process operates at a line speed of fromabout 20 to about 100 neters/mn.
15 24. The process of claim 1l wherein the tenperature in said ovens is from
about 125 C. to about 160 C. 25. The process of claim 11l wherein the

tenperature in sai d PHERFockss ff ARIm 2Pawerdhs hCrentfRralieuUh shRDofens 36 frokhe
process of claim 1l wherein said first and second sets of rolls conprise

the only rahqusl2y Gdpabeedit0ng. appar atus and wherein said fibers are
unsupported between said first set of rolls and said second set of rolls.
27. The process of claim 11l wherein the fibers resulting from said process

have a tenacity2®f afrh¢ gﬁ&tessa@foutain_a@lgﬁmnn@e_r tedk@RtRiire id%aidlBRenRliO¢RES Of
claim12 wherein the fibers resulting fromsaid process have a tenacity of

at | east adt 13% Griambowed08€&ni er and a initial tensile nodulus of at
| east about 1,200 g/d. 29. A product forned by the process of claim1l. 16

26.  The process of claim 11 wherein said first and second sets of rolls
comprise the only rolls in said heating apparatus and wherein said fibers are

unsupported between said first set of rolls and said second set of rolls.

27.  The process of claim 11 wherein the fibers resulting from said process

have a tenacity of at least about 30 grams per denier.
28.  The process of claim 12 wherein the fibers resulting from said process
have a tenacity of at least about 35 grams per denier and a initial tensile modulus of at

least about 1,200 g/d.

29. A product formed by the process of claim 11.

16





