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The inenticn relates o a process for prodecing, gel-spun wlirs
high mealecdar weght polyethybens (LTIMWEE) filres hav-
ing kigh teosile strengrhs and improsed croep s whencin
e LIRMWPE used in sid process 1= chamctenand by &
dilTerence in the phase sngle sceording to Fommula {1} Ab=3;
T T T € el T T R | T e
sngalar frequency of 000 adisec; sod b, & the phase
angle at an argular frequency of I radsoc s méasunad watk
g Fresuency seesn dynamic rhealogical lechnsgue o 1506 O,
on 2 1{P% solumion of UHNRMWEPL io paradlin aal, proidked thag
&g i at most 187, The insention fucther relans 1o gel-spen
UHMWET fibwres produced thersaf, Tl gel-spun UTIMWITE
fibwres o the ivemtbon have a tensile stoempth of @ leas 4 G,
amd & creen prte o 22 mest 521077 see " as mumsnned a1 T,
under 2 leeed of 600 MPa The gel-spun UHMWEPE fibres
produced thereof ane uselol 1o a vaesery of applications, the
inwenlicny relatmng, 1 pancular 1 ropes, meadical devices.
cancrpaoing artiches amd hallisic-resistant articles cantanm
saicd THAMWPE [Fames.
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FIBERS OF UHMWIPE AND A PROCESS FOR
FRODUCTNG TIEREOQF

[O01]  The imscotican pelsies o a process for producing
gel-spun nlora bigh malecular seapht polyabyiene (LHM-
W) libpes having high tensibe sirengihs and improved coeep
rarbzz il T ped-spaan LTHRWPE Ghres prodoced thereed” The
gel-spun UTIMWEE fitne prodoced theresl ane mseful ina
variery of applcations, the imvention melabes in partizulas 10
ropes, medical devices, composite amicles and hallistic-rosis-
tag articles cantaiming sad ULHMWEE fibees,

A prooess for prosducing, pe-ipen TIHMWERE fibres having
high tenacitics and improved creep resistacos & kuowa for
epample from EP1,699.954 the process compestmg T SIeps
oft

(2] o) Prepoaring an UTIMWEE solution @0 a solvesi,
thez LTTIBDWTE i s aitsansec wiscosity in decalinat
L135% . of af leset 5 dl'g:

[B003] b)) Spinning the sobmsan of snep &) through 2 spin-
merer comaining malipk spinboles inlo am aic gap 10
Torm fhaid fitamems;

[oidd] oy Cooling the fux filaments s form solvent-
contmmg, gl filamenes; 2nd

joens] d) Removing al least partly the selvent from the
gl fidamenis 1w form selid filamesis before andfor dur-
ing dinvwang The solid filaments.

[O006] The ohiaiead THMWEPE fiknes had creep rotes as
T s 110" g™ s mesisured at 707 . under a Lawd of G0
T e veesik: strenghs as high as 4.1 GPa.

[0007]  L1is also ko that a kovering of the crecp mles of
LIFIWMWEE fibees may ke achisved with 2 pel-apimng po-
e ahersin @ Boghly branched UHAWPE is usad, ie an
LIHMWPE having bromches Joager i o mebyl bronch, as
for cxample ethyl, propyl and dhe like, or boving a ph
g of said hranches or 3 cornBmanion thenenl, Homeser,
szid highly branched palyebylenes mnpeair ile drowing prop-
ertics of the spam LTHMWPE fibmes and therelore, fitnes hav-
g 1afiersor tensile proqerties are produced.

[000E] On the other hand, o 5 koown that by wing ke
tranched UTIMWEE, Lo palyveahylones lewving = more lmear
canfiguration meaning & low amount of branches ar sbort
beanches, o7, meadhy] branches, fiboes witl inprosved iensile
propertics can be prosducal, However, these fibres show poor
OO PROPENES.

[hbid]  Themelime, becsuse the crecp and lensile properibes
e mol Gone e propenies, B is ned by any meams ovaal for
asnpone skilled in the ar to chiain CTHRMWEE filess witha low
creep rabe 2 well ok high wensile aength.

The whjeet of the fvention is thersfore 1o fulll te oesd for
UHMWPE fikres hoving 2 cmmbumstion of high tensile
strepgpth and Jow croep rate, combination that 15 eat met by
sy of the existent UM WI'E fibres snd for n process far the
preparalion Uwreod.

The ohject of the msition was achieved with a process of
prodlucing gel-spun UHBWPE fibne charseterized in ihat
ihe UTHMWFLE 15 charactesized by a differonce in the phos:
angle ncoarding, o Formula 1

Aok i B i

af ot enost 427,

wherein &, ., i the phese angle a1 an angular frequency of
(LK madisec and
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foii] &, s the phase ample o1 an anguber frequency of
10Kk md'sec as meananed with o frequensy pasep dynomic
rhenlogical boctmisque ol 150 C, om a 100 soldion of LTHM-
WPE in paraffin oul, peovided thas &, is a1 mast 137,
[0011] Swrprisinghy, the invenlars feand that by wEiee an
UHRMWEE having a 858 00, 1y i dilmence o defined by
claim 1 in ke gel-apinnicg precess of the immention, novel
LTHMWEE Obres were ahtmined having o St of
tensile drenpthe smd croop eates which 1o Imenbors” koowl-
il wans mever nchieved hitheria,

joe1z]  Erovss also sarprivingly abscreed that i was possible
> apply 4 higher overall drw mtio (DR, o) 1 lbe spus
fikres inthe process of the inventon witkout de cccusrenceof
breakages a3 compdred wthe DR spplied o fibres made
ofknows UTIMWEE or previously reporsed in the state af tue
ar. By DR, i berein undenstuod the maluphcanon of the
drzrw paiios spplied to the Fres ol dillerent slages in e
proess of th irwention, e the drw ratios applwed o fusd,
2cl and solid fibnes, Aceordinghy, DR, DR odDR_ax
Dﬂmm"

[003]  Peeferably, the DR, _ o applicd o the TTHMWPE
Fhres ol th s, 18 ar e 300, more preferably at
least B0 even moee preferably m besst 12,000, yet even
mp‘dﬁ:rﬁbb' at least 15,0604, yet even mone preliorably an
beast 20000, v oven more prefershly # e LK, yed
even more prefarably atleast 30,000, most proloably ot les
35,000

[B014] Theachamageof applyang auchhigh DR com the
process ol e oo, 12 thet aniqoe LIHBWEE fibinces wens
abeained bening even further improved creep mies andfos
tirn e afrcrrp b

(005 A fisther advantage of the process of the iovenibon is
hept 2 hiigheer drrwing rabe com be wsed 1o deww the LMW
Ghoes al the ifsenlon, impresving the prodociion outpul amld
decreasing the prodoction time, Cherelons, makmg the proeess
of the mventan mor: simcive economically, By drvaang
ratis hergin upderstood the drawing ratioe davded by the fime
in seconds weeded 1o Sehicve sald derwing, ratic.

[#016] Prefersbly, tbe A0 differcnce chomactezzng the
LIHRW FE used i the process of the Imenbon ol most 400,
e prefermbly ot mast 38°, oven mone prelrsbly b mest
565, mast prefembly Lo 35" provided e 8,4, is at most
18", Preferabby, a5d A% difference is at kst 57, mone prel-
by an beas 139, moest preferably ot e 237, Preferahly,
said A8 difforence bas the above mestioned vahues provided
thant 8, i5 21 most 16°%, more pocfirably a7 most 137, even
mare preferably @1 mos 125 most proferably al mest 107,
Profembly, 8, 51 kst 27, mare preferably at least 45, most
prefmably al lms 6%,

[@017]  The UFRCWPE used in the process of thi ioveastion
his an dcensse viscosiny (1] as memsuned on solugion m
hisczalimat 13550, af atlenst 54l prefirably at leas Ddlig.
mare peeferably at keast 15 difg, most prefecably at beast 21
by, Preferahly, the IV o ot most 40dl g, more prefembly ol
st 30 AV, even more preferably ot most 25 dlyz.

[0ii#] In a prefered embodiment, saed UHMWIE com-
peisis per o carbon awoms befwesn 0.1 and 1.5, evas
maee prefombhy betwoon 0.2 and 1.2, w1 evien meare prefers
ubly beran 0,25 and (1%, yet even mare prefombly bitweda
0.3 and 06, mest prefirably between 003 and 0.5 methyl
g correrponding o etfy side groups. More preforably,
amd UTIMWPE comprises por ihausind carbon atoms
bestwmen DU and 0.7, even moere preferabhy betwsoon 0V sod
05, vt even more prefersbly botwien 009 and (4, ye1 even
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more preferably betwoms 0.1 and 0.3, vel e mors preter
ahly berween 0,15 ond 0.3, most prefembly berween 022 and
03 of wethy] end groups. By oyl end groups & hircin
undersiond mothy] grougs cormespoading, W oends of e
LITERAWTE cherine sl o ends of Toog chain hranches (LOCB)
ol the UHMWEE chaing, By LOT are benemn undersinod
branches longer Uhan &0 ethy] group, <8 propyl, bulyl, beod
and longer bronches.

[(0019]  Preferably, the iotal amouet of meibyl groups per
therand carhon atoms obtaired by ndding e amsound per
thzsamad carbom atoms of methy] poupe comesponding Lo
et side sroups and the amoun per thousend carbon alaog
of meethy] eud gronps is betwoen 03 and 2, nware prelesably
the toaal is between O and 1.7, even mone preferably
beerwsen (45 ond 1.3, ver even mose prelecably beiwesn 0.5
il 0.5, most preferably between 0.5 sl 07,

[M20] Tt was somprisingly found that by usisg the LTHM-
WPE of this prelared embodimenl @ the process of T
invenlics, the combination of 1ensibe sirengih amd creep rate
and in particilar the crecp mbe o LE IWTE Boers of the:
iveention i futher inpeoaed.

[0021]  The UHMWPE solution i prefembly preparsd with
a concentration of af Jewst 3 mess-%, mon: preferably of 2t
beast § mass-%%, evin more preferably ar east & moss-%h, most
preferbly atlcast 10 mass-%. The UTIMWEE solutiva, preef-
embiby bos 8 eopeentrntion of at ot 50 mass-%, mane prel-
embly al most 25 mass- %, even more preferably ol mos! gl
mass-Yh, mas preferbly ol mo 15 mmss%. To R
procesnhility, a Tower concentration is preferred the higher
the mokar rues o the pebetbylens (5. Preferably, theaoncen-
tratiom is berween 3 and 15 mess-% for LITIAWEE with TV an
the mngs 13-25 dlfz.

[(023] To prepare the URBWEE solutivn, any of the
keonwen solvesis suitabbe oo gl spinning the THMWEL mey
be sl Saitahle cramples ¢f solvenls indlude aliphatic acd
alicyclic bydmearkhons, e.g. octne, roane, decane il pie-
affins, meluliog isomers thereaf, peiroleun factans, -
eml ail: kerosens; aromari hydrocarboos, ep. ohene,
wlene, and maphthalene, inctuding ydrogenatad dervatives
e, .4 decalin and tetraling balogenated hydeosarbans,
8. moncchlomabenzene; and oysloalkancs or cychoalkiemes,
r.gr. g, Moorine, camphens, menthane, dipeniond, ugihs
thalene, scenaphibalens, methylopckopentmdien. iricyckide-
cue, 1.24 Ssetramethyl-1 Acyclohodiene,  flioremane,
naphtindane, wrmmethylp-benoodigninone, ethylOuore,
fuprnthens and paphtbenone. Alw sombinstions of U
nhoveenamerated solvents may be need for ol spimnmg of
UIIMWEE, the combmation of salvenls heimg also referred ta
for supplicity 55 sebvent. Io a prefemed embodimnens, the
solvenl of clwice & oot volatile #1 Foom WO@porTiare, <.Q.
parralfin oil, 1 wis also fiund thit the process ol the oventin
i especially advantigeous for relatively valatile solvents at
ponen temperatung, 58 for example decalin, tetmlizm and keno-
semve s, In the mast prefired embodiment the salvent of
chavice is decalom.

[#023]  According to the invention, the HAMWTE sarlanian
it Tormed into Msd filsmends by spinmieg saéd sobotion
thrgh 3 spiomencl sontanmg muliiple smboles, As uscd
herein, the term “fusd oanest™ melie o s fusd-lie filmnen
containing @ solution of UHMWEE in the salnmt wsoed o
propare exid TTHMWPE solution, snid fnd fitiment being
whtainel by extroding the UTHMWPE solution through e
spinneret, U eoeseration of the LTHMWEE in the e
i filamems being (e e or about the same with te
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comeentzation afibe TTEMWPE solntion before cxingion, By
spaniberet conbaining multiple spipbholes is hersin ikl ersiond
a spanmemel sontsneng prelerbly ot bl 1 spinholes, mon:
peefershly at Jeast 54, ewen more preferably a1 beast 100, pet
even more preferably a9 least 300, meodr preferabdy at ket
=00, Prefemhbly the sphuperel comaing 2 mwsl SOMHL, mose
preferably MM, w0 preferably LD epinheles.
[G024] Preforably, the spinning temperamure i5 hetasen
1507 . and 2507 O, mone profeakbly it is chosen belaw the
boiling point of the spineng sebvent. I for exapmple decaline
& wsixd a8 spinning solvent e spinning temperalun: i prel-
erably 31 mest L0 O, mone prelerably ot most LR0°C,, most
preferably of most 170 O, s prefersbly o1 leseat §15° 2,
maire prefirably at lenss 1207 C., most preferuhly at leas 1237
. T cansas oof parailin, the spimming temperature is prefirably
belor 230% ., more preferably betareen 1307 Coand 19550,
(28] In o peefired embodiment, ech spinhale of the
spinneret has 3 goometry comprsiog at loast oo conimction
s, By coniraction mane is herein wdersond 2 wons with &
decroase m diameter with a come angle n the moge
H-T5* from a diameter 13, 10 [, soch that a drow raio DR is
achicved in the spinhole. Preferably, e spishole forther
comprises at loast one mone of constant diameter with a
lenpthdiameter satio LT, of 28 masl 50 desmstream ol ke
contmclion pone, More prefembly LT s ot mest 40 eans
more preforshly st most 25, most profembly af most 10 and
prefersbly a1 kst 1, mare preferabily o least 3, most prefier-
ably at least 5. L, is ke lengih of the xinwez with cogsian
dasmeter T2 Prelerably, the ratio T, © 8 et I, moee
prefieribhy at least 5, even mons preferally at beast [, w1 cven
e proforbly #1 leas 13, most profierably w0 least 2. Pruf-
erakly, the cone angle is at ks 1F, mone prolecbly 31 least
12°, oven moee prefembly at least 157, Prefembly, the cone
amprkis 15 At et S0°, moare preferbly at most 507, even maore
prefizmihly af et 455
[M026] The dimmeter of the spinhole & benen meant to be
the effective diameter, 1.6 for ponecircular o @regalary
shapod spinholes, the largest distance befwoon e OUler
hoamndarses of the gpinhike.
[002T] Withcone angle is boncin peant the maxiomuem acgle
beerwen the tangents wopposite wall surfsss i the contrac-
oo wone of the spinkole For example, for & comical of
tapered conirmotion monwe, The cone angle briweon thelangzms
i constant, whemeas for o somlled nanpet tepe of conims-
tion mone the cone auphe between the tanpears will decrease
with decresing diameter. For a wineghes type ol cosraction
o he anple hetweoen the tangents passes throngh a mesi-
mrum vadoe,
[028] The desvw mtio in the spinhokes R, is represented
b the eatse of the solution flow speed 2t the untsl cross-
sectian and a1 the final cross-sscion of he contrcian #00e,
which is exquivalent to the tio of the respective G-t
fional areas. In case of contraction zome having the shapeof a
frusnam ola cireukar cone, 1R, 35 egual 10 the ratio belwen
thi: sequare of the initial and final dizmeters, e =01,
[B029]  Prefershly, 1, and T, are chosen to yickd a DR, , of
a1 Jesst 3, more profably 1 et 10, even more prefemblhyat
Teass 15, vet oven marg preferably o bost 3, v even mare
preforzbly at kst 25, most prelrably an lenst 50
[0aza] The fusd filamente formed by spinming the UHM-
WPE solution trotph the spinneret ane sarded mio an ar
i, and then it 2 eoeling mooe froan where they ane packed-
up oo a fiest driven mlber. Proferahbly, the Guid filasnents are
stretehed in ke air gapwith o deowing ratio DR__of st beast 15
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by choasing un angolar speed of the firs driven rodler sucl
tht 2aed poller s suriiee velnoity cuoomeds e How rme of the
LHMWTE soltion issued form the spaneret. The dew ratio
itk arir gap. D 1= oo preferably ot least 20, even mare
prefirably at least 23, yet even more prelerably ot least 30, vt
exven mose prefimbly ab st 35, vet even mose profeably @t
st 40, v even mone proforably al leas S, moa prelembhy
1 least GO,

[0031]  Ina prefered enbodiment, the TR and IR soe
hosen io yviekl » il dew o of te feid THMWPE
Glaments, DR, T DB of 31 kst 130, mare prefir:
abdy ot Jeast 250, even e preferably at least 500 yel eien
ponve prelerably a1 oass 350, vet even more proferably at leass
0, el cven more prefembly ot least 500, w6 even more
prelernbiy ot lens GO0, yel even more prelerably at beast 700,
mosl prelierably at kel SO0, [ was surpesingly foand that §
wirs possible w0 subject by Duid Glaswots comprising, the
LIEIBWPE of the mveoton i o bigher D than 81 wag
paigahie hersnlore, while keeping thi octirmenoe af Bireak.
nges at the same Dzl

[32] Comespondingly, when the fuid UHMWPE fla-
ments weo subjecial by o DR, equally o large wilh thoes
presioiely applied in the state ol 1be arl, e hriakapes oocur-
ring 1o flaid filamesms were poducel

[003%] The lengih of the air gap =2 preferably ot leas 1 mm.
manz prefeubly af least 3 pmm, even mon: prelerbly o ket
5w,y gvien e prefemibdy al bt 100w, ¥ e mins
preferahly ot lesst 15 nom, yot oven mone prefeesbly sl Jesst 25
rnm_}u:tzummmpqtfcmhi_l.'aihnn 35 men, wed s Mo
preferathy at leass 25 mm, el ovm mons preferably ol lenst 45
mum, mest predeebly atlesst 55 mm. The kmjth of the s gap
15 proferably m most 200 mm, mo: prefably o mest 175
mm, £¥en mors prefernbly 2t mest T3 mm, #2 ven more
prefierably o most 125 mm, yol oven mors prefeehly ar mest
105 mm, yet even more prebirably @ mest %5 mm, mosl
preferably ot mos1 T3 mum,

[1034] Coohing, also known as quenching, the fusd fils-
mints affer exiimg the nir-gap o fonm solven-contaning gel
filamenis, miry be perfoomed in @ ges flow: andfer in a liquid
conling bath. Preferably, e cooling hath contxins 8 cooliig
Tiggnidd th is & non-golvent for UHMWEE and mose prefer-
ably a coaling Bquid thet s ned miscible with fhe sl ued
Tar preparing the UTHBMWPE soluticn. Prefermbly. tha cooling
liquid Ouwe subeniially perpendicalar o the flaments ot
lisast ait b location where the Dusd Glasnents cater the conling
hath, the advantape therenf bang that the drraing condimns
can ke beter defined and comrolled

[M35] By air-gap is meant e Jenpth travcked by e Goid
filasnents befone the floid filoneste soe comvered into sols
venl-comaining gel filaments it g coolisg is spplied. or the
distnee berwesn the faoo of the spimerst s the surface of
the cocling Bouid in the liguad cooliog bath. Althoaph called
girgap, the almosphere can be different thon xir, c2. a8 &
result of 2 [low of a0 e gas Bke nilnegen or angon, OF 2§ @
resul af solvent evaporting from filaments o 2 combination
threnl,

joass]  As e hercin, the erm “ged Glamend™ mebers to @
filament which opon cocliog develops a contismos LEHM-
WPE peraark swellen with the spinming solvesi. An indicn-
tion of the conversion of the Ouikl filsmest into the gel fila-
e and the formatsonof the comtzmuons LFOWPE netwark
may ke the change in filanest’s tansparcocy upon cooling
from 2 temelicent THAMWPE filament o 3 substapieally
opague flament, Lo the gel filsmens.
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[0037] Treforably, 1he temperanare (o which the flaid fik-
s are cocid i3 a1 meat LW O more preforably at most
&0 ., mest prefershly al most §0° C. Preliombly, e e
peraare fo which the Fuid Glaments ang coobad @ oo Jest 19
., mon: prefersbly an least 5° C even mare peeferably af
T 140 L, mos prefembly ot deast 15 O

[#038] Ina prefeseed embodiment the solvenl-containeg,
el flamenis are drows in ol bast o deawing sep with a
drzro ratio DR ol at ket LA, moee prefersbly at Jeet 15,
wven e prfieably af keasi 3, yet oven mone prebirably st
Leags b, e preferably 21 Teast 10, The dearwisg (emperiire:
ol the: gl filaments is prefemably et 107 C.oand 1407 .,
epe preferably between 3° O, and [MF° T, even monz
prefocably between 509 O, and 1307 C., vet oven more poel-
exably berwesn B07 O, and 12307 O, mosl prefierably berseen
100 . and 1207 .

[0039]  Swbseguenthy to forming, e el Glamrs, saod gl
filomenis are subjected 162 @olvent removal step wherein the
spinsing eolvent ks ar least panily removisd froen the gel fike-
meemis to form solid 15usenrs, The amount of reshdual spin-
ping dodvent, hepeifier residm] salvent, kel m the solil fila-
etz afler the exdraction slep may wary within large limis,
prefecbly tie cestdual solvesd being in a mass percent of a5
moal 15% of the initial amoumt of solvent @ the UTIMWEE
sorbmaon, mare prefershly in o mess peroen of @ mest 10,
el pre=fambly in o mass percent of ot mest 5.

(O] T solvem removed process mary be performd by
koo methiods, for sxample by ovaportivn when o rela-
tively valatibe spinning solvens, &g decaline, & wsed b pre-
pare e UHMWPE sohition or by using an exirstion lqeid,
e.g. when parailin is used, o by o combination of both meth-
s, Suitable enesction lquids ane loquids thar do ot case
sisrmificant ¢hange inihe UHMWEPL netanrk steniseof the
UHMWEE gel Gbees, for example cthaol, sher, acctone,
cvelobeanone,  I-methylpentmose,  0-hexane, dichla=
someehone, trichlarotrfuensethane, disthoyl ether and dios-
ane of a mixtune heresf. Preferably, the extraction liquid i
chesen such that ty: spinning sefvent can be separsted from
the extrsetin lignid for recyching.

[00E] Tl process aocarding o the veution further conos
prises derving the solid filaoents doriog andfor afler said
removal of the solvent. Prefombly, te deving of the salid
filzamuents s perlorisad i at least one donyving slepowith e dow
rario LR of prefembly af least 4, Mose preferahly, DR,
is ad Beast T, evin mooe preferably at least 10, yel even does
pruferably a1 lewst 15, vet even more prefirably af least 20, vet
v e preferabby at least 30, mest preferabhy ot least 400
Mape preferably, the drwieg of solid Glanents is performed
i @t least rwo seps, even mons prefembly in at least thos
sieps. Profirbly, el drawing step is carriod ouf #1 2 daffer-
ceil tesnpemiuee el = prelizably chisen o schiowe the
desized drenwing ratio without the cocurmenos of (amest
breatape, If the drowing, of salsd Glaments iz perfonmed in
e Tsan oee step, TR, ;i caleuloed by msaldphying the
drzrey mtias achareed Tor each individizal solid dervimg, step.
o]  More prefeably, each solid drowing step i camind
oun) by dewevizeg the zolid filsments whale pusing them coo-
Gnusausly over a kngihofat least 10 meters theough a drawing
oven comprising drving rells, such G e cesdence time in
ihe oven 55 3 mest 10 minutes. [rawing in the oven can be
il azzrrsesd et by thee skeilled pomson by sdjusting the speeds
af the driviog molls supporting the filameizs, Prefembly, the
solid filamuents ane pessad in the oven over a hengzth ol @l ket
S0 meters, more prefembly at least 100 meters, most prefer-
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ably ar kam 200 meters, The nessdence me of the solid
filanzents i the oven i@ prelembly o most 5 manes, nore
predorably al mas 3.5 minuwies, even muare ._'.!.r':ﬁ:r.lb'l:.' a1 Eet
1.5 mimmes, yet cven moe prefesably at most 2 mines, vel
v e prefembly ot mast 1.5 eentes, most prefembly 21
punet 1 mimube. The Tempeesure in sid oven mey also hove an
increasing profile prefershly between 120 and 1559 C,
[043] By nesdence time is beoein onderstood e s
speenl by @ covss-gection of the solil Mamss i the oven from
thee moment it eoters thioves uatil it exits it. B was surpos-
imply fousd that 0 sharer residencs Time wos peeded to
nchieve the same draing rateo for the UHMWPE flameénts
in the provess of the invention than it was possible before,
Therefome, the efficiency of the process of the Ivenlion was
improved i comparizon with the elficicocy of knoan pro-
ey Toe producing pulynao e fibre.

[(44] Inapreferred embodiment, at hesstoos drmving step
is carried oot at 2 temperahure baving an neressing profile
barasset aboue 120 and about 153" O Opdicmally, the process
of the imvention may akse compnd: @ step of removing, the
residual spuning solvesd from e THMWEE fibees of the
v, prefembly, subd step beisg sbaeguent io the solsd
siretching step. I a preforred embodinent, the nesdoeal spin-
ning sofvent Jefl in the UHMWEE fbee of e wventicn is
remnopved by placing 2aid fibre 0o vaomemed oven 3 a -
peeraiuse of prefermbly at most LAE® O mors prelermbly of at
manst 1455 O most poefersnly of af most 1357 C, Prelimabdy
the oven s kept ot a empomaturs of an least 3P O more
preferably it ezt 707 O, most preferably a least 907 C. Moo
preferably, the removal of e residunl spineing sobwol
carrid ol whiks keeping, the Gher ul, e e fiber 15 pre-
vemied [reen lackening.

[0045] Prefomably, the UHMWPE fibre of the imeention at
the ezl af the solvem remeval Sop comprise: spinaitg sol-
vl im an amound of below B0 ppon. Maore prefernbly said
amount of e spisning sehvent Is below &0 ppm, sven more
preferably below 300 ppen, must prefershly belowr LK ppm.
[0E5]  The bnvention farher nelates oo gel-spun TEB-
WEPE [ibee hovieg 2 tenside strenpth of ot beast 4 GPa and a
croep rote o5 measured a1 T0F . under o losd of S MEa of
al mast 51077 s More prefersbly, the creep mie of the
UHMWEE fibire accoeding to the imvenition bs 5t mast 21077
s6c", even mone prefierably s1most 131077 o0, el enc
siare prefembhy al mest 0.8x 1077 seom !, yet even more pref-
crably ot most 021077 gee™", most prefembhy atmas 000
1077 seet, The tensile strenpth of the UEWVWPE fibee is
preferably ar hast 4.5 G, mose preferbly 20 bomst § GPs,
ewin nege proferably o Jeast 5.5 G, mos prefembly at beast
&GP

[8047] The UHMWPE fibee is for example obainable by
the aboree gel-spinming process. Preferably the UIIMWTE
fitire is obtained by the shove method, bt oty methods of
mapufachuring may ake be fesibe,

[0048]  Crel-spun UHMWEPE fibeee with bigh tenacies and
impeoved creep rositines ang koown for example from EP
[.609,954, EP 0,205,960 BL, BP 0,269,151, J7 5-T0274, U5,
Pt Mies. 5,115,067 anxl 3,246,857, A sammary of the Dbres®
tensile srcagih ond crocp robe valies ap reporied by theaboas
cited pofionemes asd 1he cosditiors defined in il selerences
ey which the crevp cates were mensuned are given m Table
1. The refesred inble farher inclodes the creep mies and
iensile strenpihs of the TTHMWEE fibres of the mnention
(Frapple 1) deteomimed in acoardance with the measmmement
techrigues and under the same conditions of temperanire and
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loed 2 descrbed in the cited referenoes. A i can be soen
from the referred ble, nome of the fibees of the dicd relc-
ences possesees 1he cambinsdion of high strenpth aed low
cregg, of the UTHMWELE Gboss ol the UCFELIC.

(48] Preferably, the UHMWPE fitres of the ivestion
barve  menboluss of 3 Jeset 1 GPa, more prefienibby olo ke
130 ¢il%, e mowe prefambhy of at e 160 GRS, vet even
fiyd Uit ;rﬂ.,."fuﬁh]y ol ol beast 1960 G, masr ]1r'¢|-ll‘:"ﬁh.|‘!||' ol at
feast T20-GPa. Without eing boand by any theory, the imven-
lors allribotad the ncresse in modulus o e permossible
hxgher IR for the UTIMWEE fibres of the imvention
[asn]  The imvention alsn nedaiess b oy comaining the
UHMWPILE fibers of the irention.

[Ei51]  Twas ohserved e after precessiog the ULBIWTE
palymer used m the process of the invention inf an UFM-
WEE fiber, the &b difference for the TTHMWPE contaired in
ihe UEBAWPE liber iveresed., Althoagh this offod coubd gt
have been explaimed, it was surprisingly lvund thar this effect
Lonrrbued 1o achieving a liber witl imgnoed cresp mie and
tersaibe streapih properties.

[0952] Inapreliared cnbodinent, the UMW e of
rhi imeenticn coatain an TTFRWPE lastng o A6 difference of
At mast 657, mone preferably st mass 607, oven mank pocior-
ably a1 most 357, yet oven mone prelerably #1 mest 307, yet
even more proforobly a8 moest 45%, vet even mare profembly at
st 4 el even mare prefimbly atmest 407, vel even more
prefembly ol mosl 367, moa preferanly ab mos) 357 providad
thart By 18 a1 et 18°. Preferably, soid &5 differsnee &
beagn 5%, more prefersbly al b 15, oost preferably al e
35, Prefembly, said &8 dillirince bas the ahove mentionad
values provided e & o, & @ mest 167, mone preferably o
most 14, even more prefernhly 21 most 12%, most preferabhy
A st

107 Preofirably, By 5 82 least 2%, mose preferably ot least 45,
it jreferabhy at least 67,

[0053] By fibee is bensin understuod a0 elongaied body, Le.
g hedy boving 3 loygth mch grester iban s fransvense
dimwemsiang, The fibee = nsed hervin imelnle o plumlity of
filaments having regulas or evcpulbar cross-sectivos ad hav-
ing, contimuous andfr discontinnoes lengihs, Withm e eon-
ext of 1l imventicn, a yamn & uodersiood o b an elooeatd
body comnprizing confinams andor diseontinoos fibres. The
varn secording to the invention may be 2 twisted or a braided
yarn,

[054]  The UTIMWEE fitwes of the imeenbion b proper-
T3 which make them an inteneting, nsaterial for ase i ropes,
corduzes and thie e, prelembly ropes designed For ey
duTy eperations as for exampk: wewing, manine 2nd offshon:
operations, Hewy duty operutions may forther inslude, bt
nat restrictod 1o, meher bandling, mocrng of beroy weacls,
muering of drilling rigs and peodocbon platdforms and tha
like. Most preferably, the UTIMWEE fibees of the inventicn
arcused in appBcations where the UHMWEE Shres arc axpe-
riencestafic tensen. By salic tension is herein mean that the
fihre in applicativn alwsys or mos of the time is under Tasion
irrespoctive 11 i Tension s at constant Jovel (for cxample a
wieight hanging frecly in 8 mope comprsing be fibee) of
waryang bevel (Sorocameple 1f exposed o thermal expansdon of
waber waree midice ). Faneples af highly prefaral weed wilk
static temsion 15 Tor example many medical applstions {for
cumnple cohles and suures), mocring ropes, and dension
reinfrecermenl dliments, a5 the reduced croep of the present
fikres leads fo highly improvad system performance B e
and similar applicatios.




US 2010/0286728 Al

[55]  Therefone, e irenbos pebce W popss COMMTRNG
the TITTMWIL fhres of the imeengion. Preferably, a1 beast 50
magz-%, more prefembly an least TS mase-%, cven more
prelierably at least 0 mags-2 fom the total mass of e Dbocs
nsand b ennneafactane the rops conizie of e THMWEE Oboes
secording to the bvention. Mot prelembly the rape cansisis
of the UTIMWIE (fhres of the iovention.

[0056]  The repnaining rnss peroeniags of e b i e
rope accanding, W e ipvention, may contin fibne or com-
binatGea ol fikers werde of olber materials suitabbes ke making
fibnzs s for example metal, gliss, carbon, nylon, polyesies,
agmmid, ather types of polyolefin and the like.

[0057] The invention further rekstes o composiie aticles
comtaining the THMWPE fibses sccordieg to the invention.

(58] In a prefiomed embodimem, the compesite amticle
wonldios af lEEn s moeo-layer comprising the LIFIMWEFE
fibees of the imeention. The term mono-lyer refers foa byer
ul fibsers 1.2 fibers in one planc.

|85%] Do fortbesr prefemed embodimenl 1be mons-liycr
# a unidireciional mono-layer. The serm onsdirecizoea]
meno-kavir refers W& layer of unidinoctionally ariensed
fitsrse, 1., fibess i one plame thal ane essentially orented in
marallel.

[O0&0] Lo et further prefered embodisnent, e comgde-
ite article 15 moli-lened composite article, codlalmeg &
plurality of unidirectional nena-layers the directinn of the
fibees i ench moncelayer prefisably being rotmed with a
ceriain angle with respect 10 the dirsction of the Fores m am
adiacent mono-lver. Prefembly, te angle i2 ar leass 309,
ppge praferably ot least 45%, even mone preferably 21 least
757, et peeieruhly ihe angle is aboot 907

[oDéif A mono-Fower may further comprise a binder mate-
sial, 5 Eald the VHMWPE Gboes sogether. The kindes mates
rial can be applied by varoes techniques; for example 25 2
filir, a2 o tensverse bonding strip oo Fhres (esmeverse with
respect i the wni-drectional fikers), or by impregnating aod!
or embedding he fibers with a medrix, o0 wilh 2 solulan of
dispersin of matrix mateeia] in 3 Houd The amesnt of
binder material iz preferably less than M mass-%6 bagad oo the
masz of the layer, more preforably bess than 24, s preles-
ally bess than 15 mossaS%. The mono-layer mey foriher come-
prise small amantz of sexilwry componenis, sl may ced-
priz piher hres mode ol materale goitsble for moking Ghoes
soch as Ml opes ensmerated horcinobove, Prefersbly the
reinforcing fHres in the mone-lavers corsist of the THM-
WL filwes of the Ementian.

(062 Multi-layorod compoene ssticles proved very nseful
in ballistic apphcations, g body amoor, belmets, bend and
flexihle shiekl pamels, panets for vehicke ammormy acd e
Tike Theemefiome, th imvntion alse relates to hallistic-resistan
agticles as te oo cxmmersied herimbowe contaimng the
LTHMW PE filbres of the el

[0063] The UHMWPE fibres of the imveniion bavig a ow
amenist of pessdual sabvent anc also suitahle foense in medical
dlevioes, eg. subures, medhcal cables, implants, surgical nepaar
proxlucts 1= lika.

[0064] The invention thersfore forther relbtes 1o a medical
deviee, in particnlar g a sungical repair prodost mnd mare in
particulzr to 2 suure and k@ medical coble comprising te
UTIMWEL fibees of the invention.

[065]  The advantagee of e senire sl the medical cble
according to the Tammion i thes due io their exoellent fensle
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propertses and further due 1o their kow croop miles, Uwse
proabcts showed a gocd retention of their mechunuc] poop-
cxtivs i the omen body,
[0066]  The mumber and e thickness of the Elaments m 1he
LIEIBWWEE fibre aconrding o e imvenlion can vary xiet=
savehy, depending on be applstion i which the fibses arc i
b gl For ceamnple, in case of homoe-duly mpes for use in
marine orcfshon: apertion: pocfezably fibres having at least
150H) eltest, e prefernbly of 21 bt 2000 chiex, most pret-
erahly of al bl 2500 dex anc:wsed. When the fibres anc usad
i mwsdicn] devices, preferably M Ser 18 an moen 1300 drex,
papge pirsfiarably 24 most 1000 diest, most grefembly at most
S dtex.
[0067] Itweas also observed that the UTIMWIE Gbres of the
inverstion ghowing the above mentioned unigue combination
of meclameal propemies are suitable fr ose in other appli-
coions ke forexample, fehing lizvs and fidhiog neis. gronnd
fetd, cargd et sl curing, kitse lines, dental Ooss, Termis
moquet siringgs, Sanvad (g, et eamvis], nomwoven cloths
amd other vpes of faobeics, webbing=, bantcry separsos,
cupacitrs, prosgure vessels, boses, mutomolie wquipmient,
power lrassmission bells, building conetructon meiernials, oo
and stob resistanl and incizon reskan aicles, probectivee
glos, composie spoms equipmenl such & g, helmess,
kayaks, connes, bicycles and boal bolls and spars, speaker
cones, high perfiormanee elecincal issulation, radomes, and
thez liker. Themelioe, the mventen also relaies to the applica-
toits enmnmeraied shove containing the UHMWEE fibers of
the: ipsetion.
JiE]  The invention also mlates to the use of an TTHM-
WK as that used in the process of the Emanlion i@ fpisnieg
process o prodoce ULIMWUEE fibers, Snch UHMWPE &
cpsracterired yy a difference in the phase anglhe sceomlmg s
Formula |

by, gy ~Dia Lk

ol almoast 42°, whirsin & -, is the phase angle b an aagulss
frequency of (U00E mdiees; and &, 35 the phase angle al an
angular Feguency of I redieec a2 messired with 2 fre
guency sweep dynamic cheokogical techaigne at 1507 C.ana
10 sohution al UHMWPE in paailin oil, provided that B is
ar most 18%, as well ss embodiments and preferred sub ranges
af the UMW PE as described sbove. Inaneenbodiment, the
spinning progese it 8 mell spicning process, whenein 1
LFIMWPE fibers ane spun from 3 mels of the UHMWPE ara
gl spinming process as described above. Mope poefierably, s
spinming process is o gel-spimning proce:s wherein the UHM-
WPE [ibars s spun from e sehuticn of the UHMWEE an
solvent saitshle ba dissalve e LTHMWPE. Mest preferably,
the gel spinning process =t peocess of the imention.
JEi69]  Hereinaficr e (pures anc cplaimed:

[M0TH]  FHE L Shows o cross sectivo of e desmeter’s
plate system (100 provided with lgud-lock used for fre-
quency Swiep dynamic thelogical messmements. e
ooty of the upper (101) and Jower (102} plates ensures
that the environouent {5040 5 nes in direct contact with the
sk samphe (200 positonsd botween ke plates. The pamtic
bath (300} weals the disk annaple o b conviroament, alas
ensuneg & eafuented atmosphers (400) witl he paraffin’s
WIS

Jiei7I] P 2: Shows the varsatmon of the phase anglo & %]
chamctesisiic 1o UHMWFE gmde GUR 4170 (soll by
Ty within the angular frequency o [rads | ragge berveen
(L] md's and 100 cad's.
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[B072] PG 3: Is o schematic representation of the devies
used Tor ercip messurements. The illustrations {17 and (1)
repaeseni 2 instamoe ol e yurm length {2060 o 1k hegining
of Thes cxperameni fnd 2n instance of the cloogaled yam afver
@ cartann fime 1, respectneety.

[00T3] FlG. 4 Shews a phot of the creep rate [15] oo a
lerarittunss: seale ve. the glongation io peroenlage |%)] clar-
actergte b te varn of the Comparative Experiment.

Jr7d]  FIER, 50 Shawe the: BMR specinem of the THMWEE
(zrade GUE 4170 from Ticons) used in e process 1o produce
the fiber of Fxample 1.

[on7s]  The emion will he farther explained by the fid-
kwing examples and compariig EXpeaEst,

Mdurine:

[OOT6] TV e Intmnse Viscosty s determined aoconding
1o fethid PTC-179 (Hercubess Inc. Bev. Apr. 29, 1982) &
1357 in decalin, the dissaboiban time being 16 hoors, with
DEPC as anbi-edast 1 an acont of 2 ] selution, by
cxmapalating the viseosily & messural i dillersnt concen-
trations o wend COBCENTraling,
[0077]  [Dtex: Abars” titer (diex) was mssunal by werghing
100 meiers of fiker, The dex of T [er was calculwied by
elividisng the werght in milligrams so 140
[0T8] Tensile propertic:: wensibe nength {or sirengih) and
tensilic pusdnlis (or eodulus ) are defined and determimned <n
maltiblamenl yarne &2 apecified m ASTM DEESM, ming o
nomannl gagge length of the Ghoe of 500 mum, @ croashesd
spend of 50P%Enin and Instron 2714 clamps, of vpe “Fiboe
Cirgp D¥5618C7, (o the basis of the measunad sirecs-airen
iz the medhielus is determined as the grodent between 0.5
and 1% strain. For calenlanon of the modolus and strength,
the tensile [oroes messured are divided by the titne, as deter-
mined by wephing 10 metres of fibre; valoes in GPa ans
ealesloted assuming a density of 0,97 glem’
[0079] Side chains: The wmounis of eyl groups come-
sponding o ethyl side proops, and Dfmnlh}'lmign:‘mlps
cantzined by 1be UTIMWPE were desernamed by prsion “H
Isqqual-HM R, herealer for simplicity [-NME, ax Rk
[O08D] a) 3-5 my of UHMWEFE were added to 2 00 mg
1.1.2, F-erachalamactbanc-d, (TCE) solution conran-
ing 044 myg 2 G-di-ver-burvl-parncnesol (DRPC) per
grm TCTE. The pariny of TCE wess =09, 5% and o T DEPC
M,
jE%1]  b) The UTIMWIE sabation was placesd in 2 sinn-
dard 5 mam B3R tuibe whicl was then heated in an oven
a1 a Temperature hetween 14071507 C. while apitating
uead e LTHROWEE was dissolved.
[BuEE] ) The WMME spectrum was rocondsd a1 130 O,
with u higgh Uikl { 2400 MHz) MME spectrometer using
am 5 oo imverse Probebead and st up a3 follows: a
pagnple spinroie of betwoen ML5 He, the observed
gmeleus—'H, the Jock nuclous—H, a pulses sag: of
9F, a meladation deliy of 30 sec, the pumber of sans
wa gt to 100, o swesp width of 20 ppm. a dgial
resalation For the NME spectrum of Joser tham 0.3, 2
o4zl pamber of points i U sequared spectrim of 64 k
andd o lime broadening of 0.5 He FIG. 5 shows the WME
spaTrn of the: TTHMWPE af Example 1
(053] d) The recondead sl istensity (arhitrny units]
wi, U ehemnenl shif (ppm), hereadfior spectinam 1w
caliheimod by seming the peak comesponding 1o TCE 1
541 ppm (mat shesvn 1o FIG 5} The TCE peak can be
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distingmished casily, said peak baang the brphes in the
ppm moge hetwaen 5.5 and 6,3 1o wnd speciaem 1.

[engd] o) Usder kdenrical somple preparation and expesi-
menial conditaong a9 described in al<d), the specinnm,
bercinaficr spectram 2 (not shawn), of an LLOFE (LT-
LPE (26BF14 from Sabic) continng oaly ethyl
hranches and =nd groups was recanded.

[00%5] £} The positicas of the three peaks, 1. o tph,
corresponding, to metbnyl groups of the ihy] sede groamgs
wiere desermined fram spectrum 2, The tbwee peaks biang
thee higehiess m dhe ppim eanges of the spectrum between 0L
and .49, Baid pesk positions wene detemrused ar abour
(.53, akoug (R85 and aboa 086, respociively.

[0086] g} The three peaks comespooding to methyl
groups of the eibyl <ide proups an specirum 1 wers
wenrified as ke peaks 2t the positicns delerminad i )
eiEg spectrum 2. In FI1G. 5, said peaks s (101, (182)
and [103].

[00ET] k) All thi other peaks in the ppm range botwom
{5 and 0,59 woere considened as corresponding to methy]l
sl gronsges, I FIGE, 5 these are (00L), (O] and (203],

[B8E] i) The decoareabutimn of the peaks wis performed
uxing a spamlard ACT sofrwmre produced by ACTH] abs

jI0#%] i Theaccumledetermnation of theaneas {A, .0
st grovgr, hreafier A, snd Ay pep s b herealler
A of the dimveluna] poika iz, to methyl
groups of the eibyl side groups acd s the methyl end
groups was perfonmed with the same sofiwane, Henein,

Ay -iﬂ:.
=1

wherein A, are e sreas of the thres peaks determined in g)

whesein n is the tninl number of the peaks whth arca A that are
clifferent then 1he peaks corresponding W melky] groups of
the etkyl sde provpe, In FIG. 5, A, ane (U0} whene 115 from 1
1u3mal).m[4uj}ntnn:j i from 1 & 3.
[Oid] &) Theamoumsof methyl gromps of the etiyl sidi
groups and methyl end groupa per thanssnd carbem
aloms were comnpined s follows:

A
H —
micihd gorige. of fhe ool cads groupre 1 'i'l +;:—th:
il
I ="
LL 3

saether] eied pEGps = pﬂm

[0091] whensin A, is the aren of the poak given by the
CH, groups of the main THMWFE chein, heing the
highest peak in the entire speetrum 1 and lecated in the
e Faege of beraesn 1.2 and 14 {pot shown in FHG. 51




US 2010/0286728 Al

[0092]  Ad Memsmements

[0093] A 10w % sospension of UHBMWEPE powdier iy
paralfin oil (Zhell Onding 68) and stabibzer (DBFC, 2 @)
wag prehested at o temperature of 607 C. 15 grame of s
prebsaned suspension was mixed lor 5 manuies o o mads-
cxirucder (plarg 15 mil Mico-Comypiunder with standard
sorow sel] al A semperamee of 2107 O, the screws modating at
a speed of #l o, The mixing was performed under nitropes.
[o084] The abtaned UHMWPE solition wos pressed tar
10 minustes at 1507 C, 000 & squors plate of 7.3 grmms, with
dignensions of 1106255 mm and a thickness of 1.6 mm, The
plage was sohssquently allowisd e cool m open aie From the
pleic, a dis: smmple was st baving o dismeter of 15 mm.
[0F25] Froguency sweep dynamic rheological measare-
ments were perliormed in shesr at 130° oo an ARES (TA
lnsirements) rheameter walk parallel plabe geomeirics of 25
o dimemeler. The mezsireents were cuerbad ot ina stain
comlrodled maode, e wexn is applicd oo the sample. The
rresnmesier was equipped with a plate systan provided with a
Tigquid-lock filled with parafiliz cal (FILE 1), & high resolution
actuzter and 3 200 prame targiee (force rehalance] trans.
ducer.

[0096]  Fafome b start of the thenlogyoal measarements the
rhesmeters oven wis preheated fo 1007 O with 2 flow of
nitrgen gas [froed coovection owven). The dise semphe wos
Iexcdiesd At JONF® ., afier which the plaic-plate distance wag
redizced 1o aboat 7-8 mm. The o Temperanene 'win sobses
ggoently set i 130% C and the aven was allasad ampilrhrne
After ahoal 5 mimes ensaing the equilihmiion of the aven,
the plae-plase distance was reduced to 16 mm. After 1
minute T disancs was reduced agaim 1o 2 mm. Subde-
quently, the disunce was reduced again in steps of 0]
me'minwie ankil a plsic-plase dismince of 1.6 mm was
achieved.

[00%7]  The measanmmints stacted witl o times sweep expori=
il foor 5 hoars with 2 sirin amplinede of 2% sl
o frequency of 0.1 r=dis. The Gme sweep cxperiment was
irtended to melease the msple from the residual stresses baill
during the imital sumpls preparatio,

(rg]  Immedisbely after coding the time saeep oxporis
pent, the froguency sweep experzmen was sarked. The fol-
krwing settings fior the rhevmueter wene usal:

JEF]  The freqmency interval of the [ogomcy sasep
vk between 100 md's and 0001 md’s wib 3 egoally
spaced Frequencies per decade amd decreasing fre-
QUETICY

(@1 Tempersture 1507 0.

[0181] Initial Smic amplitude (7 ) % of the plate-plan:
dislimee;

[01@2] Aupe sirain mode so O, alkeving o masimeam
torgo: off 1002 % om, o minimon torgque of 0.5 % em stk
2 simin adjustment of 4% of cusrent srgin. baxman
allcroced straan amplifude wae [P% of the plaie-plate
ik,

[003] Ao lenses aeode was set oo OFF,

[01LE] The time ond frequency ssocp eXpenments Qe
starclard messsuremenis being desoribed in the ARES rhesen-
elier's aperating, marmal.

[0LB5]  The phase angh: & chamoteristic to the TTHBMWEP R al
o pasticular angular Froquency w wes dhsrisid sccoedieg io fhe
thearetical deserplion detmled in “Rielngy Prisciples,
Memrurdmenty and Applications”, 1994, VOH Publishers,
e [SEN 156081 -3740-5, o papess 121-125 fonoulas3.3.15
to 3318 meloded g reference herein. The warinbon of e
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phose anghe 5 [*] chametensise w UHMWEE geade GLIR
4170 {sobd by Ticona) within e freaquency o [md's] moge
hetween DU md's amd 1M rad's 1& shown m FRG. 2,
[0I046] Creep Measarenems

[10T]  Crecp tests wen: perliomeal with a deviee as sche-
muntically represented in FIG. 3, on untwimed varn ssmples,
b, warn willy sehsizaiially parallel Slaeos, of abous 1500
mum length, baving 3 e of aboun 504 diex and consisting of
4 filaments.

[B1E] The yam samples were slip-foee clagped berwasn
o champes {1000 and {102) by winding cack of te yam’s
ends siveral tanes aronnd the sxes of the clamps and thon
Tensoringg the fres enids of the yarn o the vam's body. The [mal
lengih of the yam belwoen the clhumps (R0 wis abour 1HE
.

10309]  The clamped vam sample was placed in s lempera-
mare-coneralled chamber (300} al a weenperannne: of 70% O ey
amaching one of the clhmps to the sealing of e chamber
(301} and the: olber clamp o f connterasight (3000 of 3162 g
resulting in 2 load of 600 MI% an e yarm. The position of the
clamp (1007 and tha of clamp (102} can be el on e scale
{600 marked off in centimetens snd with subdivisions o mm
with the Iedp of the indicaiees (1001} and (102L).

[0110] Special care was makon when placing the v nssle
said chamber o ensune that the scpment of the yam besween
e clamps does nod touch 2my components af e dioic, 50
thiit the expesiment can num fully fricron fiee,

[1111] An elevaior (4007 undermeath the coumterweight
was wsed 10 rase the counterveight o an initial positicn
wherest no sbickering of the van occars and ne ol load is
applied to the yam. The imital postion of the coimierweizht
18 the: parsitan whesrein the length of the yun (200 agoals th
cligtanee Between (101 ) and (102] a5 musiaumed oo (6
[0312] The vam was subsoquently prilosded with the full
Jead af 60 KB during, 10 seconds By loovering the elevanoe,
after wiiich the load was remaved by mising, agam 1he adeva-
tiar bex the initial position. The yam was subasquenthy alkrewed
1o peliax for @ period of 10 times the prckomiing time, Lo 1080
spennds,

Afier the prokusling sequencs, the full lood was applicd
again. The eclomgation af the vam in time wis folkowed oo the
senle (R0 by resdingg the position of 1l Edicasor (021,
The time sesdad for said indicator to adwemes 1 mm W
recordid for sach cloaganion of 1 o usiil the yam broke.
[0113] The elospanson of the yam &, [in mm] at a cortam
time £ is herein understood the diffense: berween the length
of tha vam betvween the clamps 31 1l e, Le L), aod the
ienitial lepgth (200} 0f the yarn L, between e clamps, Thers-
Fe

&A1) [in men]=Ligi-Ly
The elompation of the yam |in perceninges| 1=

Tiri— .
£iriin %] = J—'xlm
e

Thecreep rnie [in 1/s] iz defined as the change inyam's lengih
per time siep and was determingd sccndiog W Formila (25
AL
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Ay =) 1
&y = K

PELE =

wherein g, snd €, ane U clongations [ %] o mwomeenl £ and
a the previons moment -17 and 1, and 1, , ore the time (in
secomds) needed for the yars w0 reach the clongations , and
€, ,, Fespectively. The reep mlo [ L] =68 then plodied o0 a
losgarithanie: seale v, U eloognian in pasotigs [44] = for
sxomple shown w FHG. 4 for e yam of the Compamive
Faperiment. The: prininum of the curve in FIG. 4 was ilv=n
s s Tl creep rate valos chorsoieristic W e investigated
L

COMEARATIVE EXAMPLE 1

[0114] A 5 moees-% sohatiom of 8 THMWPE in decalin was
i, said THRMWPE having an 1% of 21 dlfy as measared on
sobutions indecalin 2t 1357 C, The UHMWET beed 2 Ab of 467
Laar iy ol 145,

(18] The UHMWPE solulion wis extruded with a 25 mm
vevin serew exinuder equappesd with o gear-pumg o & tempaen-
ture setting of 1907 C. through a spizmers having a mumber n
f 344} sprinkales i an air stmesphere conbaining, also -
fisy il weater vapoes with o mbe of about 1.5 gfmin per hole.
[M16] The spinkales hod a cineskar coas-section and con-
sistied of 5 gradual decreise i the inital diameter from 3.5
g 1 s adith a cone angle of 607 followed by a sectionof
copstant diameter with LY of W, ks spevifie geometry of
the spinhohes minsducing a draw rario in the spinperct DR, of
1225,

[ET]  Fromm the spinoenet the Duid fhres enbeeed 2ir gap
of 2% mum and ings a weser bath, where the fusd Sibaes wire
taakoem -up o gxch yate that a botal dew mtio of te fhiad LHM-
WP Ehupems DR g, af 277 was achieved.

[0118] The flusd fibres were cooled m the water hath 10
Form el fbres, the waler hails being keptat about 207 C. and
wilserein o waler flow wis being provided with a fow rate of
abet 50 literasomr perpendiculsr 10 the fibres colering the
bath. Froam the water batly, the gel fibres weretaken-up imoan
cven at @ temperature of 90° C. whendin sobent evapamtion
acenrred to fonn sl fikres.

[0119] The solid fibres were drmwn in G oven by applying
2 drew mtio ol akour 265, during which process mos of the
docalin ewaporated.

MNov. 11, 2010

The tolal stretch eatie DR, (D8 DR, oI 00
amaugted 277w b6 B=Ta24,

IEAMPLE ]

[ 2] The Comparative Experiment was repeated with an
UFIBAWPE (CiLIE 3170 from Ticona) bewing an T% of abou
34 dlig and a A& of 38° for &g, of 145

EXAMPLE 2

[e121]  Exanple 1 o nepessiad with a Fraid deaw ratio of
545 and a draww razio applicd o1k selid fbros of 26, Thesame
geometry ofihe spinnoret a3 in the Compamative Example was
el

EXAMPLE 5

[(i122] Fxample 1 was repeated with & Anid draw ratm of
%50 and a draw resio opplicd 1o the polid fhees of 33, The same
pevanetry of the spincerel &5 in the Comparstive Example was
e

EXAMPLE 4

[0123] Example 1 was repented with a ued deaw mtda of
544 and a deaw patio applicd 1 the solid fibnes of 36, The
spizmeret contained spamlioles having a pradas decrease m
the initzl disgneter from 3.5 mm 1o 0.8 mm with a cone angle
af 60 fillomed by & section of constant deameter with LD of
100, thiz epecific peometry of the spinheles introducing a e
ratin in the spmneret DR, of 11,

EAMPLE 5

[124] Fxomple 4 was repeated with a foid deow ratio uf
615 znd a draw eatio applied 1 Tl solid fibnes o1 32,

IDCAMIPLE &

[#125] Example 4 was repeated witl a fuid deow matio of
753 and a drew satio applied s the wolsd fibres of 32

[0126] The fibres’ propenses of the Comparatns Exampl:
and of e Examphes, e creep mie, tnsbe swength, aod
imsidalies are smmanized in Trble 2. From said @bl il cn be
pion that by imonesing the DR, fbers with befler
mechanical properties in terms of strength and creep <o be
produced, Said tble further shows that by wsing the sane
processing papnmeters bl the UHMWEE acoonding, the
ivertion. Ohirs with improved mechanical properlss ans
tained &3 compared with fhers nsde from koown polyeth-
viencs.

TABLE 1
UIWFE Ehess of
Fibres of e ¢ited documenis Fample |
|pperted uzisi [trameciinna] Usis]
Belrmer=end ool itk Tarudbe Temmale
Tanperatur wrezpih sircigil
[ksasnced C. Lot O vl GPa Crocpwales Gk
EF b 50855 TOE, b i oFlE 197 s 41 dl=brTle 4.
EF 0,303,500 TLIFC ISR kgiamt = DoEhonr <ii O Ebon
e MPa
EF 0.260,151 S¢S M MPa 5w IO e a7 b L=l T
TP 0TS S T MPa LE=10% 1% 17 T2l e
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TABLE 1-continnsd
TTHMWFE fbees of
Faaes of e aned demmmets Exsmple 1
[roportod ueik] [zl red units)
blcspranert conditiom Tetzule Tersike
Tt peraim slreith stk
Dhamrsas " Lomd Cmop vale TiFa Lrecp vk G
15, Par. ¥n. 5105067 TEL WAal L8 i 100 1 L18 EP Rl 1
GiFa = i MPa
LS. Par Mo, 5240057 L. Mef A1 e PR G T T | 2wt L
(iPa =930 MFe
TABLE X
TS Sbediilus 'i.'rl;l.'ip-nl.zr:
s TR, D, DRay Dope MRon @GR 4GP 00 ')
Cmnp.Ex 30 123% 14 e 2K Maoad il 9.1
Ex i a0 1a35 BE I bk M AN 1 d.l
ExZ I LEIS I MS M e A% 175 a1
ExX I8 LIS RS 35} ] LLE5 433 18 R
rx A W Rl IES R ko (-~ TR A1 ot -1
Fx % wh IRl oMb 615 v 19680 53 et LINE]
Exd M) 19 3n4 TSR 2 e RS 2 i)

1. A process Sor producing gel-spun UHMWEPE filiees hay-
g high tenacitics and inproved crosp ressians, the prooess
comprisang the seps of

a1, Preparing a solunan aof an UHMWI'H i & salvesd., said

UMW IR having . mirasic viscosty in detaln af
135% . of ar least 5 dlig;
b, Spinmirg the seluton of sep a) tmough & spinnenst
comtaaning muhiple spinhels o an air gap W fonm
o filnmees;

c. Couling e fnid filaments w fonm solverd-conbrining,

el [Elansenis; and

dl. Rusmnoving o least pasily thie remaining solvent from te

gel filaments to form salid flaments befior: or during
drwwing the solid [Hamems;

characierizsd in ke the THROWTEE & chiracterizad by 2

dilfiersnes in the phase angle acoording e Fomnula 1

b, ooy Dy
al al mcet 427

when:in

in

By gy 18 e phase anghe al an angalor frequescy o (el
radisecs and

Bygg B The phose anghe al am anguler frequency’ of 100
ralisen

2 messitred with a freguency swesp dynamic theologscal
technique ot L3070, ana 1056 sabattan of UHMWPE m

paraffin oil, provided that &, i3 o7 most 155

2 The process of ¢laim 1 wherein the UFMWPE is char-
acteriead by a difference A4 of ot post 407 provided that & .,

is a1 s RS,

3, The process of clam 1 whesein

DR, a TR g s DOR, DR, is at lewst SH00.
4, The processolchim 1 wherein T, L DR, isal

Temat 1M

5. The procesz of claim 1 wherso the solid filameots are
drawn i o beed one stop with 2 solid draen ctio DR of
o leasy 4.

&, An UHMWEE fbre having 5 tensile strength of ot lest
4 G anel a creep rbe of 28 most 521077 sec™ us mesenred 21
FOP . mnder 2 Joad af 600 MPa

7. The fibre ol ¢laim 6 wherein the crocp Fe is at mosl
B0 s

&, The filtre ol chim & with a tersile strengih ol b 4.5
{iPa.

9. A rope ponprising e e of claim 6.

10, A compesibe asticle comprising te fibee of cluim &

11, A medical device comprising the fhee of clyim 6.

12, The medical device of claim 11, wherein the modical
device i n subane or & medical cable.

13, Use of the TTHMWPE charscterized by a dilference in
ihe phase anple seconding o Formaula 1

Mm'&iw

of at most 427,

wharoin

By oy 5 ther phoeser angle at an angular frequency of 0001

rodfsee;, sl
By i5 e phose angle at an sopular frequensy of 100
radf s

25 eneasuzed with o frequesey sweep dynamic dheolegical
technigue a1 1509 T on 2 L% sofusion of THMWIE in
parattio otl, provided thal B, 15 35 mast 187

i & spinming proce:s, prefermbhy 2 mell spianing process or
1 gel spinning process, mnd most prefembly o gel spm-
EH, PO,

14. Use of @ fibse sccarding 1o clno & in an application
invedving satic tension of the fbee.




