HEATI NG APPARATUS AND PROCESS FOR DRAW NG POLYCLEFI N

FI BERS CROSS- REFERENCE TO RELATED APPLI CATONS Thi s
wappliocstd on cl ai ns the benefit of U. S. provi sSPONER2006/046766

application Serial Nunber 60/75 1,895, filed Decenber

20. 2005. BACKGROUND OF THE | NVENTION Fi el d of the

I nvention This invention relates to a heating

apparatus for drawi ng polyolefin fibers and a process

for drawi ng such fibers. Description of the Related

Art High tenacity polyolefin f ibers such as gel -spun

pol yet hyl ene fibers, are known in the art. U trahigh

nol ecul ar  WeIE{HINGD AH AR A 718 51 AY¢D U0 OBEY HOW IDFIRWING
pol ypropyl ene. poly(bi rfene- I

pol y(4- nmet hyl - pent ene- I)——¥ﬁ$¥#—5@%53§§5§3 bl ends and
adducts. They are prepared fron1u|trah|gh nolecular

wei ght pol yol @RIDSS i (rRES.A 5

ul trahi gh nol ecul ar MEIght polyethylene ( UHMAPE) . The
preparati on aitischraliFatipnofiaimgcthe fhiepefitsothblve Asedsional application
descri §edi Nmbar §vs 453t Akt pbhb&abl 86, i ncl uding

U.S. Patents 4,413, 110’ 4.430.383; 4. 436. 689:

4,586, 536; 4,545,950: 4,55 1,296; 4,612,148: 4,61

7,233: 4,663, 101 pATRERGIID OF Tl FOVENTIORSS. . 435;
5.342,567; 5 578, 374. 5, 736, 244; 5. 741,45 1.

5, 958. eséi_g.gw_m 6, 448, 359: 6, 969, 553 and U. S.

pat ent appllcatlon publlcatlon 2005/ 0093200, the
glysfle??r”eﬁieo{rgls IR nél)%{\ ﬁl{?é%%{esﬁﬁ)&m n%i)prz\%l?\lsaftﬁe%xa\l}]ﬁ%< Ipolyoleﬁn
Anlov enbdrpanddy mwtcasg fdridoavisg sschdit®os. d| sclosed in U S

pat ent application publication 2004/ 00401 76. UHMAPE

yarns are useful in many applications such as in

i mpactDesesiptinn pbtheddelated|Aritsti ¢ resi stant products.

These include body arnor, helnets,aircraft shields and

conposite sports eqU|pnent They are al so useful in
fishing 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 copolvmers. 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 fibers 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.

UHMWRPE 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
drawi ng configuration, the gel-spun fibers are

w@e@parsd by spinning a solution of ultrahi gh pol/esuoantsree

wei ght pol yet hyl ene, cooling the solution filaments to

a gel state and then renoving the spinning solution.

The spun fibers are then drawn to a highly oriented

state. In the drawi ng operation, typically the spun

fibers are first fed to a first stack of heated rolls

t hen throu more ovens (typically four), then

to a séd6H Sé’feé‘iﬁf‘“gfcoﬁ'é’ﬁt‘goprUF FQUIPREN: (TheyAEs o yasfd in fishing
addi t i dimal sadv,aoses(suypis@ad iabricwo) and finally to a

third stack of heated rolls before the fiber or yarn

is wound up. The speed and tenperature of the rolls

are adj usted, knsa gpicat Heawtiegrperfaguationathd debeper Abdis @re prepared
IP;?If lol Z)ﬁdsg r&ﬂ%\j%tg&gﬁ(gi gt(:(?ll?ralai"] mohecu ets\l}/,lél%il;%)@?wlgljge cooling the
yarn. ?h'emﬁ'i' thdgaernay & & adlj et ead tlwnaemmngtllaﬂg@udmgvsohmon The
operati [ o

A Though s re aroBer BE b bk R s, B s operation,
qual it W'?Z’d'érth%\PRj'“yraherﬁ R &g ved w4 f"éb@?(&tqﬁdwaﬁeé rolls, then th'ouz,h

eXpenSlo\!i&oﬂhh@let&/ehbﬁv;ﬂwlm len? th&ﬁ%‘ﬁ@c&ﬁﬂ%k%@qeaﬁ&t l%lls then to
and the th is restricted. It woul

deé Pr akS’f"é Wd“?ﬁecf\ffjﬂ@"%éno‘@\')érﬁ‘y@tﬁ:ﬁf'} d\)Pét"ﬁ"érf"f"Hi" fo'a third stack of
pol yet hyited eolfsite&irs tatfibehompdn |1€&Smﬁ9<nﬂ£”§lie\/§)e&d3and temperatune of

gPSL:tr ?lleaFoqls %&E&%‘&Q%ﬁh@&%ﬂg@ﬁ& ég'glg?’ﬂ%‘ Qnohle in the
Wit h tlevesi vabndin de, deth&i‘drawmvpﬁﬁcvhlﬁiepkoalxdleﬁirhct’t@fmlcs in the fiber
appar agp§?ll,{s e’f‘]kél f‘l];e;?g l%rsfi\Men%gl'él tart%% sgag,aprg%‘w olpﬁrgtlon in accordance

wei ght ?/ Ber’s héat'l I'ng
corpri s\i"ﬁg isgonfigusationet of rolls; a plurality of
al i gned ovens, the plurality of ovens having one end

adj acent to the first set of rolls and an opposite
end: and 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. Tt would be desirable to
20 provide an oven configuration for polyethylene tibers 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.

(88



a second set of rolls adjacent to the opposite end of
the plurality of ovens the first and second set of

WO 074569 Ng adapted to provide the desired drp@i/Ng2006/046766
the polyolefin fibers.Also in accordance with this
invention. there is provide a process for draw ng
ul trahi gh nol ecul ar wei ght polyolefin fibers the
process conprising passing the fibers through a
heati ng apparatus the heating appar at us conprl sing: a

. plurality of aI' ned ovens th ovens,
havi ng one end Lsgj'%‘t@%‘?ﬁr P6° f‘lﬁtg t€ H'é‘fe"g%'%/ tlbefefgdP'Pé’d%ﬁd"OC“‘ for
an oppabawiagaricahighnthadecae OVEiglﬁqioljZIﬂemolhbSl sadjeaﬂﬁdfﬁss tcOmprising
taES ggg’}o q:ﬁltl"eth?%]ﬁl‘srt%ll ‘ehg é'lartl%v aB%arlég[flS 1CeheafllP appalatus JOlTlpl ISII1"
conditions to prrwiale mﬂwélgtje@mets theamlitmatjtyod!” ovees having one end
pol yol elfiﬂnelittg)ﬂ{e ir 8L 6’1# M L1 Jﬁfh‘g,péé Qee'ia . gt ween the
first se sandt e second set o ‘"rolls to a _ )
pr edet er mi ned areaAnd aeti @ rolls a¢iacenb e thefappasitet dndtofishe plurality of
modi f y'(ﬂ/gnst hfe F%Tr&%%%eééﬁé‘%mf Crgpsf 'bgM%aJﬂePﬂecpYnder conditions to
elimnating the second set of I's and providing a
seri es R§PVi WFf’Sﬂfeélde'éEQfB’GIP?MO@fﬁ"rfqersd’@ﬂs such as
pol yet hw\eng thd BBES bBRNEER thedfst EARIfoIRy fahE 5891838 HSolls to a
obt ai ned | ower, capital expense | ower operating
exp€hsé” %f%&?“é\"f“eﬂlﬁé'ﬁt %t hr oughput. Such fibers al so
have inproved properties. BRI EF DESCRI PTION OF THE
DRAW NGS Thi s | nyention qfull . .
under st ood andi f\éri HsF" a%'ﬁﬁt 55‘35 i 'I“IOd%‘éB%ng%aﬁb%‘(&ﬁt drawing
when r ebefignaton by rhoéatiog tile sdcohd owv «anodietaad'ilpe@b'iding a series of
descri f 18 of the o e
mvent |rzan R Rl (e R s Ry Rne i hoving gesiabl
1 i$ a Psaesirstcre bg pbiwingd anlotvgpéapithl fmveinseclowb'r operatnigenpense and

enpl OY%@ImlthJ Bolh e %cﬁ?b@?labéghgyé ift ojehl?)ﬁﬂj%tt% ! G 2

is a sc ematlc view of oven configuratio
i nvention
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:

[2e]
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FIG I 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.
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which is useful in the drawi ng of ultrahigh nol ecul ar

wei ght pol yet hyl ene fi bers. DETAI LED DESCRI PTI ON OF THE
WO DMERTISE&N The present invention conprises a heel/URIP06/046766

apparatus for draw ng ultrahi gh nol ecul ar wei ght

pol yolcfin fibers and a process for draw ng such

fibers. For the purposes of the present invention, a

fiber is an el ongate body the | ength di nension of

which is nmuch greater that the transverse dinensions

of width and thpGlipEh D@ge%ﬁgﬂ@hy@rhﬁ@emvmmw"
i ncl udes one.

mul tifilament, ribbon, strip, staple and other forns

of chopped, C*Fﬁe %es@htsmgnﬁtid"lu%lﬁprfs'eb%r l1@ﬂqutd?)‘éallahl|§ef<>l drawing
having regul ar or irregular crosssections. The term f

i ber" q'ﬂe’r's!a@go'%fueﬂrmf%wt@P'w'cfahwbs'ﬁ ed PEYEFOIRIrBYing such
a combfigad.i on thereof. A yarn is a continuous strand
conprised of many fibers or filanments. The

cross-sections of fibers useful herein may vary

wi dely. They Haythb@uqioﬁdswfalﬁg prfckcalt inventidl, arﬂyef B an elongate body
?re;)alsafle ?ﬁﬂg& dl]’nSBsa{%{ ”fXglscL 5 1&1{.181 nrefq| av|{hﬁlgH]8r%'ea”%vre'Sr?Ddrme"‘nS'onq of

r egul aw:ddr and thidruesar A@belingby. apeo&rmrrgnbfer ‘oinclubes drieneasa plurality

t hat t & #SLLE?ASIH%E o}uq 'ﬂ%@t%g;lt%gﬁ qCI rcu [HE efIn lr.tggﬁggrforms of

obl ongeheppssis cutens dispentingpas figsr eﬁféﬂwabiky hS‘UbSt%Hh' al Imyegular cross-

ci rcul @ksiodd! trfid ehmMHRPUIRIudVES Q)htralﬂg’ldfc!tln?fdt tﬁ’«.s foregoing or a
useful in the present invention include polyethylene,

pol yerI@ﬁ@n tlmq:csf( B\ yarp |lseahéqqt9nuous strand comprised of many fibers or
pol y(4smthyl - pentene- | ). their copol yners, bl ends

and adducts. These polyners typically have an

i ntri nsic viscosity when measured in decalin at 135C

of from about The tcassbetions bf di Ibé;g usE’I’uefhefeab hay dae wii@gd They

?/ﬁt rlt g E\'ebilcr‘uc&l&a&? por ﬁg'é?{%%é{\ ?gss— h‘]}’IOﬁ‘ﬂwE)(S'uZ{y ag&tbe %dnwula: or

dl / g. wpuler muii- texbalbtt:yqsf-seomn having one or more regular or irregular lobes
projecting from the linear or Jongitudinal axis of the fibers. It is preferred that
20 the fibers be of substantially circular, flat or oblong cross-section, most

preferably substantially circular.

Ultrahigh molecular weight polyolefins useful in the present invention

include polyethylene, polypropylene, poly(butiene-1), poly(4-methyl-pentene-1),

N
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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 d/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



about 10to 30 dl/g, and nost preferably from about 12
to 30 dl/g. Preferably. the yarn to be drawn conprises

wa2paloyssthyl ene havi ng fewer than about one neP@mS2006/046766

group per thousand carbon atons, nore preferably fewer
than 0.5 nethyl groups per thousand carbon atons, and

| ess than about | \vt. % of other constituents. The

ul t rahi gh nol ecul ar wei ght pol yol ef ns nay contain
smal | amounts generally |l ess than about 5 wei ght

per Cenxro@ryhd pBf af kARl %rly&?’sitd:ntkarhngbl%kg APt we. % of other
percen? addi tives such as antio xidants _thernal

st abi wcwéwents cBreovliabigh fmeige arosieht golyslefiahiayapptain small

the |ikfounlf)Qef@bhs Mip R MAubY¥! waght ;beb&TnS dnd HefefHbAMEss than
in the rogess of the i

previ ot Ug/-’d\y%lﬁm Rsreehh VHHES"VS%S‘:@ egnané %\é(%nfs |the31/'mal stabilizers,

undsy awkblisiaats eflow bRy nfutas 8sB/chl) arfdakdnikg t he gel - spun

pol yet hyl ene feed yarn can K) be one of the processes

descri bed for exanple, by any of U S. Patent Nunbers

4.55 1. 296, THe é,SBs'imnlgibl)lﬁthﬁelMﬁ&eréEolbe drmh'l16in44& pfa@dess of the

In th.eln(\:/?nﬁ%nouﬁm (?mye f)@%hﬁ@? ousL’!I tdﬁ%lu? «Ir B ea tbee Lhan &ssentially

of wei of "a
150. Oomuhpweﬁ@&aﬁhypame$éaskwmbauhesﬂemnmbbhemvmﬁe&wdvmncan

rmﬁ(? pﬁf{)&r @Mh);( ﬁk&%%?ﬂﬁ@ho&%& f‘$ V\ﬁamp'el b?rz]n)a[iid Uaégqi'ﬂenl Numbers

five mllion. case ecul ar weig
ol y pr 531,37 HIBPE, > (et Ml OMNE nei ght - aver age
nol ecul ar wei ght at | east about 200.000. preferably at
| east about one mlljion and nore preferably at |east

about two i {hEgAse of R‘h‘éet{‘é’ﬁ%f’cﬁ‘t'vg@fﬁ‘?%% agecthgsey ofr yeighy average

r ange ﬁubw.la?cwggfzoftﬂ le@t augmefmm yreferatny abrudt abokt@ne million
nore prereran rom about 1. rans.per . .

doht or P95 ek brEar bR ip by g9 Hper i on. tn e

| engt hcasé of@nig'lnmbmeul@QEse#},hc malvamrbyahe dibsitsr diese may daod a weight

100% m\iem(,% ndgle%‘tna‘ Y |§L 208%'0@ ?xe%%a%q eRC ezast Sbout one

typlca? ene T bers
undersmdbdnthmosunweWbBUh¢SEhémat@@H&@bﬁ1es to other
pol yol efin fi bers.

20 The tenacity of the feed varn 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 ¢m) 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

polvolefin 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 roils 16.
These rolls are typically heated to a desired temperature. The yarn 18 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



Wth reference to Fig. 1. there is shown in schematic

view a typical O drawi ng operation 10 for ultrahigh
wolgosey wei ght pol yet hyl ene yarn. Yarn 12 iBCT/@82006/046766

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 horizontal ovens only

two of which 20. 22 are shown. These ovens may be hot

air cirge rn 24 " hefigst, . . )

set of ﬁ(?#e%{sbpgveq‘\éqgég%assp%vée{%r3Sgceoéon ggt% f&@%o%é’ Pilg] fsdrawn as

28 and YRe -awar rasg sathen 8. invatwe 1BOre wliachetrovieesl 32.n40 which may

tWo MDrgoasdi e S kirOMaN%: o%gns §ﬁ’d th}éﬁ"\ﬁmd@){n@ UQ\%n _ag lb@ﬁ%n fed over

air ci rcul atin ovens and exl tli n(% A
i s thed PEdsEA rofaoiﬂ%ﬁq@dgéﬂafsedwth@uth%d%ue wojowy The finished

agaisn daaMe fsthdnhRd &e8 Wik AIRM (notTdhewhi. B s Badioy ﬁrﬂmnce sets of
42|sthlnl toavgéndu statlon (not shown By
3 5

enpl oyi'® E BT & ?C“?do‘Pla§“’°tsﬁéef’iab‘é'P%O%?FE'O“

subjected to a two stage dr aw ng operation. Wth

reference to n sche th V| ew

t he heating ap%%}]arffere"ﬁ%ﬁ:d%szrﬁ?e§e Fr?b%‘h'f oY he I‘Ji“tcr‘dﬁ"gllf heating
nol eculagpargigs g ho opdhyetvhmioaneumahigh Id@edisarfreslgiitr@Pethylene yarn
soyyce IGQ%’rePh’fM@%g&n%gse 1aos\'sn S n\elg%lssaedchIV%St HESétseet(l]l]lﬂ of driven

of driven ro o not
al t hougti!spt 16k erhabrt splismeed natde Meawad.radthbegteprefenaty thedtradew rolls

and t herd £8tBicRicB%ink Ahd fend; Alﬁnth?éﬂseﬂe thgatpcf ?&E%‘Sattnﬁﬁ ibers prior to

fibers prior to draw ng.
i s shoflffYiRe-Fighoush & W&l aliAisells reslﬁowmlnl léw@yhebewhbegmoue may

or | owek hidepPenNiwee departitdgprsieht H@&c@%ﬁh&“ﬁ@&i Ofhe yam 118 is
The syarn 118 is fed jnto six adj acent hori'zontal oven

éeéj '“5_02%1\ adjggent h_@rgzon@é@vena 1200F220A2%6H 2py EXSer blay of which

ar e hoblmlﬁblylaﬁé:licbtafﬂ EIgutia R SvernkD Fhy 25 ik %m%r@f)@rlﬁplu)’ppontcd in
Yarn_ 132 exiting

not . porte
oven 1%% ek 53@ L’% Né}quSté’éﬁ'bﬁﬁD %ét‘ P33gs B"‘f‘ aoﬁ‘F‘v@rﬁe‘ 134 of
rolls d8en anid 13§, ardaiandrawib mmtbifhinﬁiaedfayalm 138 sddafd set 134 of

Second:(ﬁﬁt 13 3@4109|df bJ 9&' = ]t?’at t%e {"'ﬁq’gggf'gggd egttgﬁlf{l least below

the finished yarn is coo ed't0 a
900€C unfbut ‘{Oé@sl!rmlnr ﬁ%lswetsemms:xvet $tsocmeemtuam Ia@ﬂ :aatholouy The

mor phol,@dWer TM%HGHF&%&KPE rl@hl c 5% B :l'
be hi gher ar | o Eonds n '8 tg}e ﬁ?r or \\el than tlgi?){he 7 rolis
shown in Fig. 2. and may be thc same or dlﬁerent 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
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shown in Fig. 2. and may be the sane or different from

the nunber of rolls in first roll set I 14. Yarn 138
wexiwiorsgesecond roll set 134 is then fed to a MTUS2006/046766

station (not shown). By enploying only two sets of

rolls the libers are subjected to a single stage

drawi ng operation. The fibers are drawn between first

roll set | 14 and second roll set 134. The tension is

adj usted so that the fibers need not be supported in

ot her * Sanpley e LG R AGHy 265y O Flwaon g ast hree

be seenolisrdesestrio thipeovenisouame nte wéfetablyshdaredent i on as

shown in Fig. 2 is a sinpler design in which only two

sets of rolls are needed. The mddle set of rolls of

the typical appatneliernhgserheaiment] thenegnest aveds (e, als) are not

by t;wo igdgtielii ianak lthIm(a' Fp'ﬂnftﬁysbut the ‘ﬂi'\qg&ilkls%p'ofqgltls |r the typical

of the inlet set. o S need be heated

the rol°Pefigurgicads ei‘B’“H‘Fé‘ mﬂzemtptah@fefqmyonb@nmé@vw (120, 122,

Forexanpkauoymegngkg@bodlnent with a nine set rol

configuration only the last three rolls closest to the

oven entrance are preferably heated. In an alternate

enbodi nent, t hE'neCIﬁfhit&P afly §iBS of thé bvedsZipla¥ed iQe heating apparatus
but the middl e sef

ncjucegl .oty o, saparatis bt Khe pad St O
and onliy azhotigdrahl mﬁmfenur'rhhmr d)\Zt:(ﬂEltnaiy avens Ie(nﬂﬁﬁoleé&Znnple each

128. 1%% ﬁ)%?é)%qunmég t I-[)hto aq) Gp% n(?B 8§ ]xo 4%8§nelers) long, more

ovens enpl oye eat I ng t 570
|nventmuﬁmﬁﬂyiVanywomrEferabhy!Bhkce(mrbKEbvheﬂaé@unmw Their

or Si X Q¥R Mhydel a%%gndb'% Qidgpr i zontal manner. These
ovens may vary in length. For exanple each oven may be

frdm about 10 to about 16 feet (3.05 to 4.88 neters)

| ong nore IOF efiehabbaén froia @bfméﬂnd] 1#1131'190 %nglg:%gntg G yarn speed
(3.35to 3.96 neters) |ong.” The

SU|tabP§mﬂPﬁPﬂnsﬂFtﬁh@e ﬁ”ﬂﬁuﬂﬂ yxﬁﬁéhﬁawnﬂhﬁgﬁhgﬂﬂﬂbyﬂw
measur @ BétSofanits Nﬁrﬂleﬁ@e&%lmﬂf BdTBRL i rela DR th@hkh@ct of ovens
typi Ca(ovg:lﬁsa% %)pr/gscg?gsuh parYaF r]1ethr2tt O\I’e?1 sre]:lelast I?S%d kz())/ 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

t2
L

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.



first set of rolls has already cool ed down before it
reaches the first set of ovens (ovens 20, 22). As a
wo e@alorgsepart of the first oven set is used toPCIHEB20061€46766
yarn rather than draw the yarn. Wile the second set
of rolls 26 does heat up the yarn again the yarn has
al ready begun to cool before it reaches the second set
of ovens (ovens 32. 34). Simlarly 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
heal , cool. heat, cool steps has been found to be not
as efficient alcaebéped thay thehdagiug aphreaths géwniiusavxtohamidns single
needed sEaQeQiM\@hE otﬁ'ﬂ@hb’értd L%Fl?uﬁc?e'p%eg wﬁl‘i %RR ﬁ uge oﬁ)(wo sets of
hi gh t enaci ty and hig dr d‘ 'hé
oper at i3} yinerdditios. f:héaa%eruanw piogess @ﬁnltearwmg@n ciam be operated 1o

I ncseasiesly dne fver bay TREA thOmd 68 &%tvsraq)it) fwogrldﬁr ta# Yeduce the
has been fqund that ]ylg]el imnating the mddl e set

rol I's PREAIRT prekephlaggpect to the heat. cool. heat

cool process steps of the typical process. Rather, the

yarn mai ntains_t he heat neeged for. continuous draw ng

of the yam Thi8¢ SERtWEAd &Pssh ofthea@rmihretghibs heating apparatus
speedls ngaydbd har 1eﬁaaisnd@&ed herse eixapplY afk ber\aﬁ& ttéhuﬁ@ﬁu}eu&mnollcd
and.,u t NSl st.reng ne ov

ar ?gn tétr)r'e[;%tn(?r:‘ilee\S§ ntE]F' eases" blhe‘?ca ﬁogﬁ]i’%‘f'f'? &eé’i‘ﬁﬁf‘t\"te ig'ﬁ"“ abour
be seer\ZPKétto taheuthb(é)(’Cngwapwamanabb' fremnatiost d30°C to about 150°C.
Eggtelr nhl ema‘tém\l/)\/lﬁ’ théd e%m%t.ﬁhe \ﬁthlY\%PQneofs con{?olled rvaf))lr lex‘z tlhan +2°C (a
addi t i &mal leFr“e”b’\‘mbe { erea e fasaldr dess thén £HEC i(muemnt jass than 2°C).
can be operated to draw the fiber away fromthe

maxi mum draw ratio in order to reduce the potenti al
for>broken fi | Hfefit¥ineTeraeaptaraieubetattissiseise of havees ffective

yarn t hEzQU@ahmhhﬁuheBétkv@@] ARP LA HSd TRY Ve \GA! | q‘d&"@ﬁlbh’ the air
desired. Fo lah] ne.or nore tenperature

contr oﬂ'%‘&atkoé'n‘é Oé’ff' & injauibylenpsfalRs Thefing-aygi@red air velocity

zone havtmg\manimnpmmtaur & ;Qfefefdbqkm‘rabloztﬂouﬂ-25@ab&lt@l@@Uﬁeters/min
160C; F 300C tq about 150QC.

Prefera Lera Ao a59 ll'Jtr‘e Oﬁkgf’ Wi 0N TRap-and dhist pefeagply from
to2%ar 9bduesso Blbmum IQ(Dn(:als/mm.

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

i~
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 varn during



total less than 4C)_. nore preferably less than |C (a

total less than 2C). The drawi ng of yarn generates
whear/074569 i s desired to have effective heat PCT/US2006/046766

transm ssi on between the yarn and the oven air.

Preferably the air circulation within the oven is in a

turbulent state. The tine-averaged air velocity in the

vicinity of the yarn is preferably fromabout | to

about 200 neters/nin. nore preferably fromabout 2 to

o abouto10b et B AT 5o R SEp Huis g et neglecing

yar n pabdrmahcdremttiong apparatus 110 is preferably in an

approximate straight line frominlet to outlet of the

various ovens. The yarn tension profile may be

adj ust ed by adfbespierglltdiaw gpaedfdhe tithersvary oagy, rdspérsling on the

or kgy QQLM% %'%Qe& Q@opﬁﬁnf' e%rp?&agx nﬁ)kprtf?%lldl g\ ][z;% |ﬂav ancve from

tensi on nmay be I ncreased by increasin

bet vveeri‘bt?’!‘fe' éﬁéeeéo'ﬁfl%bn%@emfvrebhrrfr%rabwlllél o about 10:1, and

decr eashdd pkiGalli§ TRAT MM £511No bb&:qyans. Preferably

the yarn tension in the ovens is approximtely

constant or is increasing through the ovens.

Typl Ca| | y, rrul Thdﬂs@edaia@k&ﬂes‘n&ﬁ's gmlougpttne Arhyed %beﬁﬂﬁ‘lq of this
ced on_ a cre Mul tip

ar e
yar 'n’ S 'ﬁ‘é?é?t'g'i‘ 5“‘? é’éso Wrga A PRMPAS: YR "Eaﬁ dings i?ngSt Elfr'B‘?ﬂjH' ed by the
t he fi rsptedseftth@fecood ks of alts lﬁzB.t bd fremf®eak z{p@ad)onﬁlér@ s/mm more

he d
the r%Y‘érQ.%bgvﬁO{n a?o&h%ngof m{t {11e§%garv5r nﬁ]g)e(lr?e spt,ed is also

to the secon
speed anperaksioongboHesite dyaclmfmlmfdm nt ensi on. "The
tension in the yarn duringcooling is maintained
sufficient to hold the yamat its drawn | ength
nedPecting t heFtarPrastivs ardt pgessTafethivisvedtiondarawsefat it produce

of the hfglh@ﬁzﬁ:nmeysa%’s usEEREEHI R tQﬂ) thh{i% lg#%'it Gl’i@ers means fibers
properties of the fibers. For exanp raw ra

may r ah\j}écr\: P&MS, tgﬁ%tfesleqllal toqor; gyeggtbman »hout 7 gt e Prefemblv these
pref er alkys Hako Migk Qeitsild n?odllllto‘P aﬁk&@&ttabg@( 15b. (’/@qud m‘tmato -break

prefera fro . T
01 1 ho T LIt P38 =1 ndiotk B AT A oseg e, the enms
20 “initial tensile modulus™. “tensile modulus® and “modulus’ mean the modulus of

elasticity as measured by ASTM 2236 for a yarn.

Depending upon the formation technique, the draw ratio and
temperatures, and other conditions, a variety of properties can be imparted to

these fibers. The tenacity of the polyethylene fibers are at least about 7 e/d.

o
w

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 e/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,



invention may al so vary. For exanple typical |ines
speeds as neasured by the speed of the second set of

wo edor®78%8y be from about 20 to 100 neters/ m n. PCYDRE06/046766

preferably from about 30 to about 50 nmeters/mn. The
line speed is al so dependent on the desired denier of
the yarn. The apparatus and process of this invention
are useful to produce high tenacity fibers. As used
herein the term"high tenacity |ibers" nmeans fibers

whi ch mgvmou&u&entd.g& m&ea{ylé.ﬁ &raw.eamooa %Bu@@&utmﬂuon and
Prefera I bers, have

/d.
Todul (2058 TP MU asster TEEh ORISRl e PSIBE Potstpindag bulk of
of at I38est Tﬁtbmtgtﬂy&n ithgd aaslyﬂﬂ@mné eldhnlitantsAﬁa'dd @28&6 mad&ials have

used h.%‘é ing mg Of fi 2 1”500 t.o abomﬁqsl’ FI“FDI' ullh . & glight increase in
Ao shsubf Us Y

tensile B dul
el ast imseltiyg acsmneﬂsus dat dnystdKSTd\AanBﬁﬁmf mrd leiglyarcnystalline orientation

Depe”dc!tréx% HlBS’u‘éan*&?c%ﬁ%t toHe E@E'{}S?igﬂ%? the draw ratio

nd tenperatures an er condi a variety of
propertles can be inparted to these fibers. The

tenacity of Hi*ﬁ R‘:QLIYa%E DyhERa fhhp@&é ﬂtftgblghel i€288cBRAm abou

7 g/d. preferab @%& | east a out
pr ef erbé)bqoyabgpt B denigsomereRy e@f@]y §1o|11 aboyp & to about 2000 denier.

pr ef erp@inpldtof BRSdenrP PHdud® iaitkedRdse®Sts, ROES @roabk(y 180, 215,
at | east. about 30 g/d. S|n1larh¥ the initial tensil

modul (SGRdARd Jepisr Examplerohl elFNRT PERAUCHSIF I 900, 1100 and
t ensn | 1800 @ehienN gTRERBE R&rni denfeF &f Goad dépéﬁdlhteaﬁthe&twhléd demel of

referab bout 500
ror e P Y ERaEP L R SR oinsit 0 oB0 by AR CHbger may be 2400
prefen&bkyzmﬂﬂheamimabovmomcaamlg&ﬂl T@paﬁnnsig7ademcrpNMum,

P! e B UBATNPR oS 1D rai@ngiung have a

t enaci ADOU ul us of at
| east about 1.200 g/d. Many of the |I | ament s have

mel ting point ‘1"]1415%139" el BP‘%‘h rg%\ﬂ?‘%j% Hlfpc@sfs difRis invention

pol ymer from whiC wer e
exanplaashpsgtserin avatigty qﬁép@wnwl foethigheheh wimaetitable. They

150. 0Qfe ud¥QUIn BRgcIubdok@Rbnadil BRGNS blobfdfs, such as body
nol ecul ar wei ght generally have nelting points in the

bA% Gf ”’Q‘Bg{}@et W@tawt dﬁft§/ ani |t|éen{ ke)- bblpyzést wpgﬁeshrelds and seats,
fi | amephposmadgott eflipmeniBiEl MhfmaN@éesails, ropes, sutures and fabrics

(e.g.. woven, Kknitted, braided or non-woven). Typical non-woven fabrics
include a unidirectionally array of oriented yarns. Fabrics formed from such
yarns may be used together with a matrix resin. They yarns may be blended

25 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 limiting the scope of the

invention.

1o



melting points of fromabout 70C to about 13 0C
hi gher. Thus a slight increase in 5 nelting point

wo edooeess9 t he crystal line perfection and hi ghePCT/US2006/046766

crystalline orientation of the filaments as conpared
to the bulk polynmer. The resultant yarns may have any
sui tabl e denier, such as from about 50 to about 3000
denier, nore preferably fromabout 75 to about 2000
denier. io Exanples of fine denier products include

t hose of 75, 100. 130. 150. 180. 215. 375 and 435
deni er. Exanpl es of high denEXAMBEES: s incl ude 900.
1100 and 1300 denier. The feed yarn denier is chosen

depend@mggﬁﬂeiﬂgng%§hﬁe% deni er of the yarn. For

exanpl 0 produce a 00 denier yarn the feed yarn

may be 2400 denier and thus the draw ratio is about

1.85: 1. To pr Stuiddeymeiesulge peight pplyatixiene filersifge dgage in a two

yarn n&}r‘wb%xa@@@l andveR céh riupIioh aHich lQEIU@é%Q:Uﬁrstlse?gf fokP&vens and a
yans pro duced bé t he apparatus and g ?cess of this .
i nvént iSBTP eSS BtMRSRXFTFAVID 9 Fer] Oof apHl IEEDRE Sepend set of
whi ch stitdandal thfd 8étef salistin In@annde Yepic®d wsBifgul. i n

I mpact absorption and baIIistic resi stant products,

such as body a resi.stant vests,and the e
li ke) hel mets AIF i ?&0 SHPLPER 1514 Res bR "’38%33‘851??‘6‘“ of 4 ovens
spoi t s teqlsid8rieat(|4.6amd andthkisedvind getl df pegns3atals24 fea @32 m).
sutures and fabrics (e.g.. woven knitted brai ded or

non-woven) . Ty H*hgﬁ’énun:%}unwoo\ﬁne Io"ﬂgrg gssiollIQ\Q/L uﬂ%@et = |25°C, second

iinidirectionally array of oriented yarns.
f ored Sﬁ‘r%rﬁ%ﬁﬁb#ﬂ%ﬁéﬂﬁ rikirdyegy =S °Us elhet togpperharesyifithe H' st and second

mat ri X b8 BvenkRRY1308¢ENS may be bl ended 5 with other
types of yarns, both high strength and conventiona

strength yarns. The follow ng non- I|n1t|n9 exanp
are presented ﬂbepﬂ@@ﬂ&@e@ehﬁﬁgogéﬂﬁméi@VUﬁﬂéF%FdHQ?ndhedm“’

of the .iatm/%ni 2AN. THeNEHEPBE tHel orst &€ RAIrGIUES, lGGﬂPﬂh tﬂh@@ﬁecd of the
materi al s ropqgrtions and rep a set forth

11 st RERdRRGE 86 PHN b1 RU e Gl G THOES F iR M.
exenpl ary and should not be construed as limting the

scope of the i Mkemdnadity 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 avens is 72 feet (21.95 meters).

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

9
¥/l

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



I NEXAMPLES Exanple 1 (conparative) U trahigh nol ecul ar
wei ght pol yethyl ene fibers are drawn in a two stage

wale@worssean oven configurati on which includes BCT/UBENG6/046766

set of four ovens and a second set of two ovens with a
first set of rolls an internedi ate second set of rolls
and a third set of rolls in a manner as depicted in
Fig. 1. The length of each oven is 12 feet (3.66 m so
the first set o f 4 ovens totals 48 feet (14.63 in)

and the secongys %rtﬁ’lf’ NP R ’L@b%le%e?ancf t@l@tfmﬁﬁde?’l?er@ 1100 denier
Theterrperature of the rolls is as follows: first set

=" 25 0vita deit rasier L | e saprd fonther R w5t GBfolls i SEmimprpand the

tenpers@&w@r&h@gecbmseftbrﬁmsm somand sets of ovens are
1500C. The starting denier is 2400 and the final

denier is 110 The dr wratio 1. The_speed of . ..
the Tirst set 87 SBHILon (e deubininie Sifeons pi&jo-‘ifﬁtw@ the inial
secondessle maiullfs i1 7000 aB0d e speed of the third set

of rolls is 34 mmn Thetenacity of the resulting

fiber i S- fr O g;o tqae ﬂd ! Dvearoi%'\ritu% em Lolyeg in \rﬁw%le 2 and

nodul us is 11 d:aP
ul tr ahdpghatfrrbﬁeauhwammnmtgﬁtarmﬂé Weblwﬁc@nehlfeu:bet shxgh‘ce tenacity and

drawn j,0q, ééhfhg e §|§e§9§f HE B0eA Qmﬂﬂu%%ﬁ o?;t['l:fuiaﬁgg@t ARD, the tine

whi ch 1 ncl udes a set sI X hori zdnt al
ovens,speed of xammde 2 dssigeificentchigher fiag, in Exa@pleyl sauhat there is an

sefsS Ohcdemle! .§n@r@oa&adm 8fnt pletssset (first set) and
an exit set (second set§ The |l ength of each oven is

12 feet (3.66 neters), so the total length of the 6
ovens is 72 feet (2 1.95 neters). The first set of

rolls has a tanparatuee teh the peser@thehhign pRAARG aﬁezlppﬁa\ams and
;glcl,]sdggtﬁ (?ggnfggﬁmg L(jlawn ]:ultlza?mh rlgﬁcﬁlgnwpveutﬁ‘ﬂ po?yo?etm fibers and
yarns, such as polyethylene fibers and yarns, in a cost-effective and operationally

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.



| 1 The starting denier is 2400 denier and the fina

denier is 1100 denier wwth a drawratio 2:1 : 1. The
wap@ed7§569 the first set of rolls is 20 m m n POTUB166/046766

speed of the second set of rolls is 44 mMmmn. The

tenacity of the resulting fiber is from37 to 39 g/d

and the initial 5 tensile nodulus is 1250 to 1300 g/d.

It can be seen that the heating apparatus enployed in

Exanpl e 2 and operated in a manner of Exanple 2

provi des fibers of higher tenacity and nodul us than

the fibers of the oven configgalwgg of Exanple 1.

Al so the line speed of Exanple I's significantly

hi gher §n L nple | so that there is an K

i ncr eaeatF ?W@FQ'Bduct|V|ty of the process. It can be

seeh that the present invention provides an apparat us

and net hod for form ng drawn ultrahi gh nol ecul ar

wei ght 1.pal heatied hppafaitiseuse fuh o dyqaylng uliiabigharolecuiar weight polyolefin

pol yet HMér? ?ldfﬂegt%? %t&é%%rlkln gd cost-effective and

oper at | onal n y manner. The resul tant yarns

have the deS|rabIe properties to be useful in a

vang ety of denmfdiRoo@RAL;i cations. Having thus

descri bed the invention in rather full detail it wll

be understood that such detail need not be strictly

adhered to buta .slh.atmf bf 4lhged @hafsgasd andalrm@iffoivéra;t ha@Nfg one end

may suggest th eQFe ves ;o one, ski | t g Qe art. al

fal i nggFrhiom L SSEbPE b 2147 ‘?pﬁ’v%'r?t n""ds defined

by the subjoi ned cl ai ns. CLAINB What is clained is: 1.

A rl‘eatl ng appar %tccyns U§eI. lls acjﬂcedlg%\’\@alcgoﬂ ts%ea%c%‘t said plurality of

nol'&cul ar wei §H efi b f q

appar abusls.cm@mrgn‘n‘g sego:fci scgtof gells bfing @Hpsed tp pnovndc the desired

pluralh&xmgf @kt Qﬂgygﬁ§“§ald plurality of ovens

havi ng one &n cent to said first set of rolls and

an opposite end: and

2. The heating apparatus of claim 1 wherein said fibers comprise ultrahigh
20  molecular weight polyethylene fibers.
3. The heating apparatus of claim 1 wherein only a portion of said first set of

rolls are heated.

(%4
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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.

30
6. The heating apparatus of claim 1 comprising at least six horizontally aligned

ovens.

7. The heating apparatus of claim 1 wherein said fibers are drawn in said

heating apparatus in one stage.

(¥4
(v}



a second set of rolls adjacent to said opposite end of
said plurality of ovens said first and second set of

wo 200874569 ng adapted to provide the desired dre@i/ng2008/046766

said polyolefin fibers. 2. The heating apparatus of

claim1l wherein said fibers conprise ultrahigh

nmol ecul ar wei ght pol yethyl ene fibers. 3. The heating
apparatus of claim1 wherein only a portion of said

first set of rolls are heated. 4. The heating

apparatus of claim1 wherein said ovens are hot air
circulating ovens. 5. The heating apparatus.  of claim
1conpr8-sithg heatingearpargyy Pt RigHD £om1a1eweaah Yrwderl et and said
6. Theehsatdnsr BRPedagrisss ptolsl-ai m 1 conpri sing at

| east six horizontally aligned ovens. 7. The heating
apparatus of claiml wherein said fibers are drawn in

saisd hedht ReatmgRPpahius of HlaidNR whkageeadh ol ked fiesakétngd said second
apparatus 0 rein each of said first set

and saftd8 %ﬁ%“@@?sg?QEOIIs conprises 7 rolls. 9. The

heating apparatus of claim 2 mherein each of said

first ﬁ)et T?é}%e?ar{ud%lpspea(r:a%ls o?gia m ?ludﬁw 191%) s ncI ra&spmtm" said

rolls. appara us 0

means ﬂilwrs thraugh pwdtowngs igan dplfrpbma@ tlargbtuime.sai d ovens

i nyan approximate straight line. 1l1. The heating

apparatus of claim1 wherein said first and second

sets ofl- roe keatipgrpprassus pfeclym | wheleinssaichfissaperl prsged prys of rolls

appar adonsprisd the oMyProPs ﬁsss.a‘ Ratifé AMaRBusdl trahi gh
mol ecul ar wei ght polyolelln fibers said process

conpri sing passing said Fibers through a heating
appar ait2us Asprotlesb &fat tragvigd piddaBigh SnEIeEI4r S¢iBEE polvolefin fibers. said

15 process comprising passing said fibers through a heating apparatus, said heating

apparatus comprising:

a plurality of aligned ovens, 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

]
W

predetermined draw ratio.

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

30 14, The process of claim 12 wherein only a portion of said first set of rolls are

heated.

13. The process of claim 12 wherein said ovens are hot air circulating ovens.



a plurality of aligned ovens, said plurality of ovens
havi ng one end adjacent to said first set of rolls and
waroogppsssd t e end: and a second set of rolls adPErest006/@6766
said opposite end of said plurality o f ovens, said
first and second set of rolls being operated under
conditions to provide the desired drawing of said
pol yol efin fibers and drawi ng said fibers between said
first set of rolls and said second set of roIIs to a
redet ggm ' f )
\R,her ai ﬁgsa?gﬁdg%gggs&iﬂﬁg} Il%}hﬁghﬁ ?Iﬁy&i gﬁtsmg Cé)mpnseslﬂt least foui
The pr beazatgdly dicagchevErswherein only a portion of said
first set of rolls are heated. 15. The process of
claim12 wherein said ovens arc hot air circulating
ovens. 16: The Ppcetsedlsclgim dZarvhsre saik mppasatygicamprises at least six
appar ahuszadRIdlighs&d dlenb east four horizontal ly aligned
ovens. 17. The process of claim 12 wherein said
apparatus conprises at |east six 5 horizontally
gl [ gned8.0V'El:jtSproﬂ:&s ofaify Oﬁeﬁﬁlpﬂf.mmd&i\ﬂhagalﬁoﬂ"w& ®l 9&ld heating
rawi n ai Je LD, Sai eating apparatus in a
S|ngle9§$'ﬂnmlﬂés'°gem: e process of claim 13 wherein
each of said first set and said second set of rolls
gggﬁr Io?[?:g{z% Bfglcl%% of%% m IBS\'I%{eQr?g%Zﬁcognadg fn%l sgt?‘asl,\d\gs'{laj‘dssecond set of
conpr|§é§cgnh%ﬁ¢%if0l5 2 1. The process of claim12
wherein said fibers are transported through said ovens
in an approximate straight [ine. 22. The process of
cl ai m 12 Wisetresess ebslaing f haheretiy each of said fpostteddisyidangond set of
0 struadldicenipAs&ai diigvens.

15

21. The process of claim 12 wherein said fibers are transported through said

ovens in an approximate straight line.

22. The process of claim 12 wherein said fibers are not supported by any

20 structure in said ovens.

23. The process of claim 12 wherein said fibers are drawn to a draw ratio of

from about 1.1:1 to about 15:1.

IJ
W

24. The process of claim 12 wherein said fibers are drawn to a draw ratio of

from about 1.2:1 to about 10:1.

25. The process of claim 12 wherein said process operates at a line speed of

from about 20 to about 100 meters/min.

26. The process of claim 12 wherein the temperature in said ovens is from about
125°C to about 160°C.



23. The process of claim 12 wherein said fibers are

drawn to a draw ratio of fromabout 1. 1: 1 to about
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fibers are drawn to a drawratio o f fromabout 1.2:1

to about 10:1 . 25. The process of claim 12 wherein
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to about 100 neters/mn. 0 26. The process of claim 12

wherein the tenperature in said ovens is from about
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S the only rolls in said heating apparatus. 29. The
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10 30. The process of claim I3 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.

31. A product formed by the process of claim 12.
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