WD 2011/ 015485PCT/ EP2010/ 060813 1 - COATED H GH STRENGTH FI BERS The
invention relates to coated high strength fibers and the use of such fibers
for maki goaoriaps4ssSuch a rope is particularly suitabl epCoEragplosesat i ons

5i nvol ving repeated bending of the ropes.The invention also relates to the
manuf acturing nethod of the coated fibers and the rope.

Applications involving repeated bending of a rope, hereinafter also
referred as bendi ng applications, include bend-over-sheave applications. A
rope for bend-over-sheave appli cat| ons |s within the context of the present
appl i cation 10consi dered t oCRATED it BERENGIHBERS, pi cal |y used in
lifting or installation applications; such as narine, oceanographic,

of fshore oil and gas, seismc, commercial fishing and other i ndustri al
markets. During such udge '”V?B%Tﬂ‘?@tesrt@fcéﬁ'ieéd“gfbﬁ%%bfmf%wth§Wé9\9’é

appl i cati oRgen ﬁtﬁﬁﬁs 'Fd?FP@ak'ln'ig 4 FpRUSHH a‘{rdﬂéllé 65#1|9M§my §lritaBR forbéﬁptlléatlolﬂgl | eys,
sheaves, etc resulting in rub bendi n e rope. Wen
15exposéd ﬂ@’obfd&feP?@q@uéﬂ@d"b@ﬁfcﬁ‘ﬁ@ORﬁ Tf‘PéWieﬁ@P” se wg@eﬁwhm | due to rope
and fiber q*ﬁd?ﬁ%tdr%@%éthé@ofth@%@té& @b&valandmek ipker nal abrasion, frictional
heat, etc.; such fafigue failure is often referred to as bend fatlgue or
flex fati gue Applications invelyiggrrertestoapdinar! edpre heeatrafiesalgol i mi t ed
service i fr@feWQ@ﬁs 8XRASS dpsiRafidrRainebe BERlbng- s‘%a\‘?é %Iu@é’hon@cﬂ%&' el y,
there is a need in industry for 20ropes that show i nproved performance in
bendi ng appENéRYeoHSaue PPRIGAtRNS DGR the Aeryext of the present application n or der to
reducepoanmppasieral lf@béa |da<a5t§ea%g $65&9§&£1lyng%ul.rt Ilfﬂrgg Brﬁﬁ&bﬂld’!u‘bﬁr nal abr aSI on
between the fibers in the rope, applying 'a specific mxture of polyne

fibers in tRBIGagRRS: §t1‘13rh?ﬁj§‘af'%e W@Wh"h offie 19 8 834 IR S€{3816945153 BZ
descri bes %o@ﬁ@ré‘hﬁ%ﬂmb%@ oﬂfer@r%%in‘éllr‘ﬁbfk@fb Doheg §ud1h Gs'é@ PhéRBdSfGRAt ai N a
m xture of high- performance | ene fibers an otropic or

t her not r opit@ 2pBey YerfSihBéYesapﬂ"ﬁaté’”ﬁa%P60F2ﬁ'Sﬁréqwﬂb’cﬁ’uﬁ@}/@@r duqes, | bjts: ropic or
thermotr Oplpguéysqsﬁé%vsé Y234 bi fR8ulfih @RI Bbbihdg KRd BERITRS bth®edpeamiras (ar am ds)
or pol yb| soxazol es (PBO are indicated to provide good resistance to creep
rupt ur 9 b§XPesedde syelt eaugatbpnding @ fleginged pr&bF%}éfagﬁue\Pm&péa?@dlflpﬂE 30fi bers
are nentionghalye r@ﬁhln?'f?orﬁ BeingPsid R abRsiochl Pi%ﬁoﬁa@héétb@tﬁ @E’é@%h@lﬁb but
to be prone to creep fail Ropes to be used in

bend- over $3biER/S OAEpIefeHed Bh%s banddRliGusRS flex &tigigh tenaC| ty polyol efine
fibers are known f1om WgaNRidLKRAGHARSRSAGHL AGRARE schibolliZARg/ 101032 t he

rope is constructed fromfibers coated (f d) conposition
conpri si ng SXRCSESi IR Fenvst PEBHAY Orsﬂef)i'%ﬁécqré@gw téJﬁEP 'é aﬁ@?ﬁﬁ%lﬁdﬂgﬁ’for

20  ropes that show improved performance in bending applications during prolonged

times.

In order to reduce, amongst others, loss of strength resulting from
internal abrasion between the fibers in the rope, applying a specific mixture of polymer
fibers in the rope strands is proposed in US 6945153 B2. US 6945153 B2 describes a

25  braided rope of construction, wherein the strands contain a mixture of high-
performance polyethylene fibers and lyotropic or thermotropic polymer fibers, in a ratio
of 40:60 to 60:40. The lyotropic or thermotropic liquid crystalline fibers, like aromatic
polyamides (aramids) or polybisoxazoles (PBO) are indicated to provide good
resistance to creep rupture, but to be very susceptible to self-abrasion; whereas HPPE

30 fibers are mentioned to exhibit the least amount of fiber-to-fiber abrasion, but to be
prone to creep failure.

Ropes to be used in bend-over sheave applications which comprise
high tenacity polyolefine fibers are known from W02007/101032 and
W02007/062803. In WO2007/101032 the rope is constructed from fibers coated with

35 a (fluid) composition comprising an amino functional silicone resin and a neutralized



WO 2011/ 015485PCT/ EP2010/ 060813 2 - | ow nol ecul ar wei ght pol yet hyl ene wax.
W2007/ 062803 descri bes a rope constructed from hi gh perfornmance

pol yet hylwoeofivdaesnss and pol ytetrafl uoroet hyl ene fibers. PChEP2@OO6SAN
contain 3-18 mass% sil i cone conpounds which are fluid pol yorganosi | oxanes.
5Thus, according to the prior art it has been suggested to use fluid
silicone conpositions, also referred to as silicon oils, to coat high
strength fibers to be used in ropes for bend over sheave applications. A

dr awback of such oil is, that when th e i S put under tension and at
i ncreasi ng QVEMS’@CHF&W@QWH@y%th!"?%waélwo? 963593 sieserigsi@Pe out of t he

rope, and {BHsUcRISASM high d@ﬁamﬁér&b%owﬁy%te fiPBrst Ry pde&ﬁ&ré?I%FdéfHWh@e 10The

object of the inventionis thereforeto provide a high strength fiber and a
rope made &PeSutlhe EOPRIcGA C@ﬂﬁa%ﬂ%nﬁss‘&sﬂmm C%@"‘i"‘r?ﬁﬁ"(f\%blarﬁrf giderti es for
bendi ng appbiverfahesioxaf¥ot her object is to pr OVI de a rope that has inproved
properties for bending appllcatlons This obje is achieved accordlng to
the i nvention with a hilgus BSserAiBade therrrigearté @&%Stl%%teﬂt@ésm lbidk ed

silicone pajiyoms corﬂ_&tfslt%ﬁ&dlstgre'fe?rré%irtgfa@rsﬂl%ﬂ ol e cdHt ﬂl@h%tr@ﬁ@tﬁ'ﬂﬁgrsqg%ﬁos' tion
conprising a cross-llnkable silicone poly

advant ages U§#d tHePepRf BENHPYH SQ??‘@@QF}HC?"IOB(%T% deswbaRle Of sHeB Al '%ﬁh%w@ean

i nproved alagipens Riteinast teRSloREnd BEINEIRERS tedRatrd, REsiliconBRdendaub pef such
fibers. Mreover, the use of a cross-linked, or cured, silicone coating

resul ts i n BUSHEEcRtioh e RRe: 9@6«5@“%‘893%@?966{'0@@599%thP§°qu RS{OFN@N%nd heat

resistapt. The objebiofidd rnwémloans tHeP@oféqarpmmeiwﬁ.ﬁﬁ&ﬁeﬂm tgnt
conpat i bi I|ty wi th high strength fibers, articular with HPP f| bers.

It has beedPPAMNP forﬁ’ﬁtm%?ecﬁ SHF'@;H hslhr%ﬁ‘?@gtﬁ‘ fpﬁb@?%“%'@‘%?%l RIRETIfS R a

coating comahdifl BPplkafiérs AnbihBKESledtiid 105260 ryTEEthat s/ iMRROVEBGRoPestiddd such
fibers has 25a surprisingly inproved bend fatigue resistance. The invention

thus al so R'RAENEBY 2RPIGEIRB" 0Nt ai ni ng hi gh strength fibers, wherein the high

strength fibers are coghgdojct B RhENES$ Scdordk§eb Bk lidveatich Qo ¥ WRyh-
Accordl ng to a second a F%PE(F:Y{% t he invention provides a rope corrprl sing hi gh
ap

strengflf f ishepgh figpresas @ﬁ%"'?@%'&?ﬂﬂ@ﬁ'ymef Whg qoaRg iserefeiddhi si ng 30a

cross- | i nkeghdel ftdn§ 8e8atiY dWMosition comprlsm% a cross Im%ﬁ]@élllé’&n\éa&ﬂ s of the
rope according to the invention incl he rope has hi h strength

ef fi ci ency, neani ng t hé"gefetrgesH tq%@a,t%@gh §tr%9r”éf'%ﬁr?\9éih? “PMGQHO”

per cent age o ah Meprold LTS 0@ brdtdctioR @Nthkifibbis Witknfd RipeSs mbbe olitresugh SO shows
good performance on traction (storage) and drumw nches, and can be easily

i nspect ed fiBersskigemoyepithe m@ecroswk%ﬁ/ce@48@@@?@@9@@89%@@3

20  coating that does not wash out and that is flexible and heat resistant.

In particular, the coating has excellent compatibility with high
strength fibers, in particular with HPPE fibers.

It has been found that when high strength fibers are provided with a
coating comprising a cross-linked silicone polymer, a rope made using such fibers has

25  asurprisingly improved bend fatigue resistance. The invention thus also provides a
rope containing high strength fibers, wherein the high strength fibers are coated with a
cross-linked silicone polymer.

According to a second aspect, the invention provides a rope
comprising high strength fibers, wherein the rope is provided with a coating comprising

30  a cross-linked silicone polymer.

Other advantages of the rope according to the invention include that
the rope has high strength efficiency, meaning the strength of the rope is a relatively
high percentage of the strength of its constituting fibers. The rope also shows good
performance on traction (storage) and drum winches, and can be easily inspected for

35  possible damage.



3 - The present invention therefore also relates to the
use of a rope of construction and conposition as further detailed in this
appl i cat iwe 2a81/85486ad- beari ng nenber in bendi ng appl i caPcomP20100608¢xanpl e
bend- over - sheave applications such as hgpisting applications. The rope is
further suited for use in applications where a fixed 5part or parts of the
rope is repeatedly bent over a prolonged period of tinme. Exanples include
applications for subsea installations, mning, renewabl e energy and so on.
The present invention also relates to the use of a cross-linked silicone
pol ymer in a rope for 3aRePHRSEBVBYRINEN drergferrialpatalajaetabgiuse ahe &reiqf t he

present i n‘é@ﬁétf&ﬂon EREcERBLitRE RTukthd dt8Bd #1 thRNPplicdtioR @k % 185d-bddtingope 1S
obt ai ned by applying a coating conmposition conprising a cross-I|inkable

silicone p(ﬁ‘l‘%m%‘?’ In b¢nding @%C%Ft?@ﬁ forexasmPIg PentreV AL R RIRIAPEES SUEMat o t he

rope or t h@lofsh@?ééphcéﬂﬁwc‘?ﬁ’é FIp@ i§ RIMPBSSitedRorTRY |rb§p;§liééﬁi§hs vehede alﬁXecﬂ"eat I ng
to cause cross-Tink |qg the cross-1linkable silicone

cr oss- | PnkiPAG oFRY B PEHE KePG ih aRRESEEADY LI PVt hiilongpd agnied Oﬁ’fé'm?ogé‘a'lﬁﬁ@ﬁm to

the ski || eghdprfesiplicatidhs F&@Q&e@hkﬂétﬁlld‘tu@hs thinggrehbwage@hbr@g ahaGermposi tion is
from20 to 200 C, preferably from5 nmor e referablr\)ﬁelzo to 150

C. The curing tenperat dPe PE$S0 'HV?{E'P”E)‘@Otr%'@thdWhef‘dﬁe HRecresfrinkgdt o be

ef fective. e goiyhier if W ropddr SRMAPRIVEMEN IS BRAB fti90e Pdsiiandehere is a ri sk
that the high strength fiber deteriorates and loses its strength. The

wei ght of the rope or t'%g‘efﬁrﬁ%?”é'”d@'ﬂt&”et@rf@aﬁ'?g e thegugh sigenad) TRffear 20by
curing1ps m@f%sl'éroﬁgalﬁéa 1524 g rﬂ}@c@é‘ﬂg%hﬁb’éltl@{ Cérﬁ@(léﬁ‘ﬁ@FO%kﬂMl&gﬁédn@g For

a fiber, the weight of the cross-linked coating iIs to 20 wt. % based on
t he tot aI \B@lyﬂ}ﬂr Qﬁertﬂl*?eaﬁﬂ“ﬁ%tlon qﬁﬂfa%}aaagyornp%ﬂomtome %Oelflﬁltheaf't}%?) dhe

pref er abl 'y cobtitRy Wph@RkioR mdyhR Gr&$ T-d. ) hedtinPRtdalge b@sd-ihienFEr thé c%’s@ﬂsed on
the total weight of rope and_coatin preferably 2 to 15 w. % 25The degree

of the crodBkqQigli ‘?@erPéV”!?é Bsnerpet-inidng ﬁFﬂ)éa'GGGPé’%dUGPd brang phessyitaklei ng may

be control Ingdhdds odn tb bR §kﬂ!é§%?§ow ?hé)fen’&déeathﬂerf@r dﬂﬁfnngl% %athbe heati ng.
The degfree of the cross-link med in ot
I

cont r ol'Ped CPAPABHPDHGIRNENIP %QQ tCh@r@RraplyéfP”b@Q Koh0 ﬁ@%&é‘ﬁ?@ﬁérﬂ@od‘? t he

degree of tigg ero%cdﬂn@hemgeﬂamfeBﬁo@@héme%d IV fI)rQHé@M\ﬁ?n%(t%cb-Eh#feE:ﬁ%e or the
fibers provided with the ( | east partially) cross- coatin |s

di pped in a?h%'ld\;@?lﬁur'”%gm§61%ﬁpeF@“%FRS’S@QP R IR ighthehibedyah seang

(mai nly nomgaEdete el and sk /s BRénger woul d di ssol ve whi ch are not
cross-1linked and the cross-|inked network would not dissolve, A preferred

solvent is hexane. By viBPgrigHY of e rPeper Be fibers befase pRd afterssoating fllpwed ng i n

such apgol \b?%bnng%]i%ﬁ‘né‘%'ugﬂﬁto%falchﬁ% t:ﬁéwlgrﬁbpﬂh% drd)si%lﬂﬁﬁﬂe@@éétin NF&rafidee,
determned and the ratio of the cross-linked silicone t

2011/ 0154831CYeiEPE {7 Geesinkedcoatingis 1et5?t2t0é’&tt°/abtl’%§d &8 ﬁheb@t% Aeldht gt tea.

fiber, preferably 1 to 10 wt.%. For a rope, preferably, the weight of the cross-linked
coating is 1 to 30 wt.% based on the total weight of rope and coating, preferably 2 to 15
wt.%.

25 The degree of the cross-linking may be controlled. The degree of the
cross-linking may be controlled by e.g. the temperature or the time period of the
heating. The degree of the cross-linking, if performed in other ways, may be controlled
in methods known to the skilled person. The measurement of the degree of the cross-
linking may be performed as follows:

30 The rope or the fibers provided with the (at least partially) cross-
linked coating is dipped in a solvent. The solvent is chosen with which the extractables
(mainly monomers)groups in the polymer would dissolve which are not cross-linked
and the cross-linked network would not dissolve. A preferred solvent is hexane. By
weighing the rope or the fibers after the dipping in such a solvent, the weight of the

35  non-cross-linked portion can be determined and the ratio of the cross-linked silicone to



The preferred degree of cross-linking is at least 20% i.e. at |least 20
wt % based on the total weight of the coating, of the coating remains on
t he fi berwoaniwvopssafter extraction with the sol vent. Mpce/Ere@bssesnd y t he
degree of cross-linking is at 530% nosj_-.preferably at |east 50% The

maxi mum degree of cross-linking is about 100% Preferably, the
cross-linkable silicone polyner conprises a silicone polyner having a
reactive end-group. It was found that a cross-linking in the end-groups of
the silicone polyner results in good bendi ng resistance. A silicone

pol ymer 10WH @Hrackablassss qel(‘f@l@é’!ft%ﬁ the end groups rather than at the

branches in the repeat iThg gistbired 884tk Sf LidsRliMKaRis Tt | &'agt APRLieNgt IeY¥ttdpout
being linmited thereto, the inventors attribute the i nproved properties of

Che Tope. t it BaTaEa P gPtal WHBUIGH J1oae<@ing 8 TisoRaaing romains on the fivers o

Pref er abl Y:roﬁé1§téF%Qﬁ§ctlloh %ﬁbh@s&ﬂé’rﬂ%@r‘éﬂ)rb\%ra%ﬂy Ak ki RREf A sBINRH is 40T €
preferably a C2-C6 end gro particular the end group is a

vi nyl g@ou&Ongosapwés@wpt 6?8@&4’ IW%’@@?@F‘H’I“ degrag ¢fyrosgriipkingiisabauét er r ed.
Preferabl y,qobfae cross-1Ii nkabl e silicone polynmer has the formul a:

CH2=CH- ( Si (CH3) 2-0) n- CH=CH2 wherein n is a nunber from2 to 200,
preferably from 10 to foefer Hlepqr@$8e'rrﬂfaply silicgRg PeYMET eEmPrisepadilispam| y, the
coating compRficr haing dirtft@ive @ﬁ%@sn@/agrf&ﬁﬁnhaM%SS Tﬁ@%lh@ﬁ@eﬁd nker
preferably has the formula: Si 0-(SIiCH3H-0O)m_ Si ( ).3(2) wherein m

i s a numbedrebpsf Perdiliaeas pP'b’B‘ﬁf pesplls ppgoqsk Randingsegistepein/1liqoge POlyMehor e

preferabl y WHids %Fbs&iﬁnl@ atZﬁc?éﬁf Qrfo@l@é Vathérhﬁar@@t&hé BEANCREPIAThE féb@af r\{1’ Grier
conprises a netal cataly for cross-linking the cross-Iinkable i cone

pol yrer, t FesUig e 'e@atﬂaudfso@t"pﬁ WIoRbpgng bfigs @emt&tth@.wm&ﬁ athipuigher

rhodi um nmhﬁropé&f)ﬂfpéﬁ'el{ oPlnatrbpaifd thB el ri@mr‘u@iﬁr@@ﬂﬁb)&é&tmg&c“ catal ysts
are known to the skil fperson Preferably, the coating conpositionis a
e

mul ti -conponent sili cor'f’ée fﬁ?'ys%et%ﬁ?%mlfﬁpliesqnﬁgﬂr%uﬁ'ﬁraé‘ta”é’llﬁ,u”lesqngrgr‘él&mr| si ng
the cross- lndik pRiferablyld CPOLaRPEYEBR] b?f’bdp“h%aﬁfc@%ﬁfle‘é’ﬂﬁ@jro%‘@ AViSE GRIG

emul si on conprising the cross-Iinka silicaone polyner and the netal
cat al yéf5 or a hexenyT group. In genegg, & WP I9IQKP is REET§lERYght " rati o between the first

emul sion and the seconqbr@r@wbw %ér§ssf KrikEbrRRAbN POV het Rashe W rmbRP: 30,
preferably 100:5 to 100 20

CH (Sl(CHs)z-O)n -CH=CH, (1)
wherein n is a number from 2 to 200, preferably from 10 to 100, more preferably from
20 to 50.
20 Preferably, the coating composition further contains a cross-linker.

The cross-linker preferably has the formula:

Si(CH3)3-O-(SiCH3H-O)m- Si(CH3)s (2)
wherein m is a number n is a number from 2 to 200, preferably from 10 to 100, more
preferably from 20 to 50.

25 Preferably, the coating composition further comprises a metal
catalyst for cross-linking the cross-linkable silicone polymer, the metal catalyst
preferably being a platinum, palladium or rhodium, more preferably platinum metal
complex catalyst. Such catalysts are known to the skilled person.

Preferably, the coating composition is a multi-component silicone

30  system comprising a first emulsion comprising the cross-linkable silicone polymer and
the cross-linker and a second emulsion comprising the cross-linkable silicone polymer
and the metal catalyst.

Preferably, the weight ratio between the first emulsion and the
second emulsion is from about 100:1 to about 100:30, preferably 100:5 to 100:20, more

35  preferably 100:7 to 100:15.



35preferably 100:7 to 100:15. WD 2011/015485PCT/ EP2010/ 060813 5 -

The coating conpositions as descri bed above are known in the art. They are
of ten refwoned/ms48as addition-curing silicone coatings @CTEPa10/060813

enmul sions. The cross-linking or curing 4akes place when the vinyl end
groups react with the SiH group of the cross-Ilinker. 5Exanples of such
coatings are Dehesive(r) 430 (cross-linker) and Dehesive(r) 440 (catalyst)
from Wacker Silicones; Silcolease(r) Enulsion 912 and Sil col ease(r)

catal yst 913 from Bluestar Silicones; and Syl-off (r) 7950 Enul sion Coating
and Syl -off (r) 7922 CJF‘&IC?%”QE‘FRJ”I‘%QSB'Q”‘F?%H?%W@:@P%Y%@e kpowgin theart.

advant age (Tfhe#/ Be d)ffb\ﬁerﬁfe'rr‘éﬂ tb 8s hBdtiort- &ﬁ?nr@rs(ﬂﬁ;éné bé‘éﬂﬁ@s%f l:ééii‘ﬁ@%nﬁ@é?&& be used
as a carrier for other functional additives. Thus the invention also

rel ates to IRefTassrinkig 0B aUNIS tAkeS RipessWben hrinysend gigHes prect g thecaileli ng,
wher ei n t heysipAdfithdcrbsg-il@y, contains an additive, select ed from col orants,
anti-oxidants and antifouling agents uch additives are

known i A the art. Exanpra@risf Oéﬁlﬂth‘&ﬁpngﬁgarﬁ&?@ﬁ‘?§'v9@é?’@ W@?S iket)aee copper

and copper mwb@@aao (da?élyét) o i adkensficéed; s%&%&@%m&p@gmﬂgnd
Wthin the context of resent invention, fibers are understood to nean

el ongat ed apleases thﬁ'&i@f% ifiog BlRgiehSheeneaRi ‘EW PURHi R 7APHERSISD nuch

greater thapawhglhhg spncbﬁcbvgh@@%ﬁalys’fhﬁmls@fmémI%KN tHHmgi ncl udes a
nmonofilament, a multifilanment 20 yarn, a ribbon, a strl or tape and the

li ke, and can have regﬁlfﬁﬁih%radv?rﬂt@%Pfaihe&VGEEQ%@&'?Q"HF? Cr‘i"f"n%"rikéfjrﬁ“PP"E%rs al so

i ncl udeg acphwveakbd ¥s afcaPRY f@ R furcOom] Raditisy. Fhud MR IRRAYEK also relates
Thus, accordln% to the inventiogn the coating of a cross-linked silicone
el

pol ymer can? BdPapgnatedivigha crossfipkeddinoge pBUWeéP%'”SnWFW@”ﬁ{]? £P3tinganent

yarn. Moreay®fer céfthins lah aAUSi0e, 33| RFRAHHIMBAbradts, BRtokia®8bih@AnkifBuligovi de a
strand i ncl udi ng high strength fibers, wherein the strand is coated with a

cross- | i nkéde${ i cone pol ymer. Fibers having the form of nonofil anents or

tape-like fibers can bgugh a¥d@fivdsie khdved in tRelbrt! BRINGSES ¥f dMissilidg hgdres i n the
range of 10 to several thousand dtex, preferably in the range of 100 to

2500 df'ex, aﬁ%@é'%F@P@PﬁW‘%ﬁ?é@%@ﬁf@oﬂp es,\metel RyritienasiangdidMamae ns cont ai n
a pl urallt%og,bouﬂ,dsanents having a titer typically in the 0.2 - 25 dtex
range, preferably about 5-20 dtex. The titer of a nultifilament yarn may
al so vary wdely, for Wﬁ‘r‘ﬁ)‘m oPRigHH afdhe presgRtdnvantion divgmrite ypdsstopdto j s

pref er abl y phdhntdiéhdaBtsodids G idkinitdRn B A d HiAendt® ifndHsRInGhiddM reS@P- 3000

dtex. Wth high stren%th fibers for use in the invention fibers are neant
than width and thickness. The term fiber thus includes a monofilament, a multifilament

20 yarn, aribbon, a strip or tape and the like, and can have regular or irregular cross-
section. The term fibers also includes a plurality of any one or combination of the
above.

Thus, according to the invention the coating of a cross-linked silicone
polymer can be applied on the filaments, but also on the multiflament yarn. Moreover,

25 itis also an embodiment of the invention to provide a strand including high strength
fibers, wherein the strand is coated with a cross-linked silicone polymer.

Fibers having the form of monofilaments or tape-like fibers can be of
varying titer, but typically have a titer in the range of 10 to several thousand dtex,
preferably in the range of 100 to 2500 dtex, more preferably 200-2000 dtex. Multi-

30 filament yarns contain a plurality of filaments having a titer typically in the 0.2 — 25
dtex range, preferably about 0.5-20 dtex. The titer of a multifilament yarn may also
vary widely, for example from 50 to several thousand dtex, but is preferably in the
range of about 200-4000 dtex, more preferably 300-3000 dtex.

With high strength fibers for use in the invention fibers are meant

35 having a tenacity of at least 1.5 N/tex, more preferably at least 2.0, 2.5 or even at least



35having a tenacity of at least 1.5 Ntex, nore preferably at |east 2.0,
2.5 or even at least WD 2011/015485PCT/ EP2010/060813 6 - 3.0 N tex.

Tensi | e swoengtts548al so sinply strength, or tenacity of PCrareewscEle

det erm ned by known net hods, as based og. ASTM D2256-97. Generally such

hi gh-strength polyneric filanments also have a high tensile nodulus, e.g. at
| east 50 N'tex, preferably at |east 75, 100 or even at |east 125 N tex.
5Exanpl es of such fibers are high perfornance poI yet hyl ene (HPPE) fibers,
fi bers manufactured from pol yaram des | y(p- phenyl e

t er epht hal 2rf Yé§x- (1] L@ﬁamt@ggiﬁe@rﬁ@ﬁmew Stwgﬁl péfquaplﬁwrfmm; a%}etfzwm
aromatic C%E)Ckhb!\ﬁm%tr(&fé‘, Q@bé(s(e@dfn@@é‘ﬁ%)d&@@fﬁ Gendsmps RAGTIYH-8RSgth

t erepht hal am de)) (known as Technor a0);
pol y{ 2, 6- diPPkM$AS flamentpalge have Bighitersie madelus, agoatdeant R) VS BieeallN enel

(known as Ja@hz,@%t7506ba6pem%tyée%ﬁl¢2@N/t@xbenzobl Soxazol e) (F’BO) (known as
Zyl on0); thermotropic |iquid crystal polymers as frome.

uS
4, 384, 056 but al so polEramefesifd SB‘frhféqer% ﬁr&rf‘ %PV@C{FWP%@O%G%WG%W&J’_WHHS

and copol ynBes, fifer® fHanifeRyEMém p&y%%nﬂ@é@'eggatpb@(bspﬁgnyfe'nQ@ér@plﬁ‘fﬁ@l‘dﬁﬁd”et)Ur ed
fromthe above referred pol yners rope of the invention.

Preferred KEYNNSEs oA ®)mobiied ammayle%ﬁ)éﬂf%b@@r@atlcmpéyawdswawam des
or LCP. Nb;éarﬁélﬁgr@réh@@ zfJohﬁd.ﬁhe’aw%nbItQJepmélfamrd@}mfkﬁombwb&wo%@) ( HPPE)

fibers. bers are herein und t ood ers made from ultra-high

nol ar nass PIWIZETIdeRe4 -4 o elryidieyiena 1-4(h9-gyawrepleatenssgewn as
pol yet hyl engs), anylérﬁwzf@werﬁlﬂ)b&,omwégl(wo@tkn@wnIa%aaaon@)&hem&ﬁogrcabl y at

| east 2.0, nore preferably at | east 20 or even at least 3.0 Ntex. There

i s no reasdfuif &FVSE}J] pGIMW@FS (LCH) es spowfiamia g (b3 4138mE 165 i plsoiReolgding ope,  but
avai | abl e fotgttsant paNedd)ldné 1§ ehdPhogoRiaes biXd éépleﬁérs @b@éﬁ/pr@p}ﬂ@n@ ANd ex. The
of

HPPE fi bers al so have a high tensile nodul us, e. | east 75 N/ tex,
pr ef er abl y cafbjnefans qfd@e@rm%!iu‘cw'é@f’ frPﬁBthRVaP@Xe rthqu;i F?Q'lﬂ@‘?@ Cgp feasedin

referred tehagpBiodheTREEHiYS. Mefeyet MidreftRnbtnoiess halfdver areditRbLsf 1erebE,
enbodi nent, the HPPE fibers in the rope according to the invention are one

or mordd rrulpplyﬁfqm"ﬁ‘ﬁ%?ftL%r ns. HPPE fi bers, filanents and

nul ti-filament yarn, CasbgreRirRRaLEES etm higPl gefoRBafe pﬁ)lﬁ;‘ﬂ’lﬂlﬂirieQPIP@fE UHMAPE i n
a suitable solvent into gel fibers and drawing the fibers before, during

and/ or af t #Pei§aFPPEIfbgFs Qf%r'?ﬁfeé'i ENqessaQaie Qﬁﬂt{%%”@SPvr@mU'tr%ﬁ@ meayia a

30so- cal | eghgglpo %tW@n@Qalﬁé@§I%‘éi%ltreﬁﬂlgh$rﬁbléﬁud?gvéi§ht%o@@ﬂhVﬁah@ﬂJl@MV\WﬂW\PE i's
wel | known to t he skKil Person describ i N nunerous

publ i cat i orf8d "AKEE AdeRRFItEP! BiieaY dep. Areferpbly 2 ppgh?. @) morgpraieiablyi @) leass 2042414

A EP Q@OOWorEgven%PIéAQVQQMe% Thef®ishd rédddmfofbn uEPé’r lintt Addreagdr Fi ber
Spi nni ng Technol ogy, kaj i ma, Woodhead Pu Ltd E)1994 | SBN

1- 855- 731831PFE Bhfds Ianh?é‘?F@r QWL@’@”@?I? Eger§|t,)§}l<@lly,ar%q)f|te@e§|ty,@ ’F‘B%traé’togw fer ei n
by ref er engaN/tex. The HPPE fibers also have a high tensile modulus, e.g. of at least 75 N/tex,

preferably at least 100 or at least 125 N/tex. HPPE fibers are also referred to as high-
modulus polyethylene fibers.

25 In a preferred embodiment, the HPPE fibers in the rope according to
the invention are one or more multi-filament yarns.

HPPE fibers, filaments and multi-filament yarn, can be prepared by
spinning of a solution of UHMWPE in a suitable solvent into gel fibers and drawing the
fibers before, during and/or after partial or complete removal of the solvent; that is via a

30  so-called gel-spinning process. Gel spinning of a solution of UHMWPE is well known to
the skilled person; and is described in numerous publications, including EP 0205960 A,
EP 0213208 A1, US 4413110, GB 2042414 A, EP 0200547 B1, EP 0472114 B1, WO
01/73173 A1, and in Advanced Fiber Spinning Technology, Ed. T. Nakajima,
Woodhead Publ. Ltd (1994), ISBN 1-855-73182-7, and in references cited therein, all

35 incorporated herein by reference.



WO 2011/ 015485PCT/ EP2010/ 060813 -7 HPPE fibers, filanments
and nmulti-filanment yarn can al so be prepared by nelt-spinning of UHMAPE,

al t hough wbeornmabhsai cal properties such as tenacity arePoDEP2010/06ESe
conpared to HPPE fibers nmade by the gel7spinning process. The upper limt
of the nol ecul ar wei ght of the UHWAPE which can be nmelt-spun is | ower than
the 5limt with the gel-spinning process. The nelt-spinning process is

wi dely known in the art, and involves heating a PE conposition to forma PE

melt, extruding the PE mel t cooling the extruded nmelt to obtain a
sol i di fi ed PE, and dr aMiF figgss. §k{ﬁ”ﬂ%ﬂt$ ?%”Wﬁ'f&@m%ta/@f” BHEASO P ergpRtRdess i s

nment i oned @yGnelilghifHd draFaMP B RN d(ﬂﬂtﬂ@@r%%ﬁémc%r&ﬁeﬂi’és%ubﬁ%gﬁé}%%ﬁ& 8@
herein by reference 10UHMAPE i s understood to be pol yet hyl ene having an

i ntrinsic Ve §gited cemrareddo FERS et A BY e ITSPIANIAR PEIGERS- e MPBEY of at

| east 5 dl fighit dpirRf RbRBUNY WélgmeUHW@PE wWhicA@ndR Héit-8punl iBidWer $heh the
viscosity is a neasure for nolar mass (al so called nmol ecul ar wei ght) that

can nore eé@'tl"vthbteeG@k%ﬂ'ﬁﬂ'%@foﬁﬁnTﬁ%mﬁTSpWI”@rprﬂ%ﬁ ipuidghrdners infhee Mh and

M There arg, §wmo@4be§mt.hg%ai5 EShBéditIhSto BEHNE PR rhft, @saﬁudwg thbFRI e UCh
relatlon i s dependent on ar mass distribution. Based on the equatlon Mv

= 5.37 * 162°NoNh¢ fxteiﬂe@sr@@t terbiEipa $sldiigd Pranddrawing ”(‘ﬂ pQJidifisd g
eqw val ent |dfat M%eofrhabm&s@%%&ﬁ/oﬁea e.gPhetre1aBhycA1 Aey EPM¥¥E50A1 a,vrha;mear

pol yethyl ene with | ess than one branch per 100 carbon atons, and preferably
| ess than @ﬁ%‘”ﬁ?@ﬁ@ﬁedp'é‘?re@dly BRFYBR- at ons; a branch or side chal n or chain
branchigsual I'y contai niyivetre igadtierdfdol B@Bo@@lﬁ&l@ﬁ@ haviRg ah iMl@ic

pol yet hyl ene ma%/ further contain up to 5 nor/c, of one or nore conopnoners,
such as al Wissesty|(|\caspensyresmn S%upemrédeqfémaéﬂm%‘i CADH@tlﬁ%ﬁtééWQeWéf%@blbctene
n_one embedhgRabn abbt S AMAEARPNHANS iRl 2 AERUIE forPhhEhal Bt | east
0.2, or at least 0.3 per 1000 carbon atons, relatively small groups 25as
pendl ng Si @ellezjmglsgularpwegetbmﬂtyaramre Qasﬂalbmetegmtms thaagiual aldigpasshows an
advant ageo%%raﬁ‘ﬁéf@r’sqlﬂé'l\ﬁ)rénefM h*rﬂ&é&?%@@érg A& B8RidE DeBl@Ra9-andqR,, | arge a

side group, or too high an amount o roups, however, negatiVve y

af f ect 45t hdupsushaslation isrtigRERENt P Eradar rEass ﬁr'féUtkOéaEQﬁed qrHke eRpaPE M.,

pref erably sopnt %4TW]1WEE§%¥'E@65®TQBX|A1§bﬁ"w SMJHI wo%‘i@rb% e%%%hﬁt%'l\)f get hyl
si de groups. The ambun rou IS era at’ 30nost , hore

pr ef er abl y agputftpitkodrool- Bredgrably, thﬁéiH'\éW}B’Er'S ﬂ@O@ardelWéfwl%ﬂedwﬁW less than one
The HPPE T iBe{h deh 10016 ?rb&%to?rﬁ‘sc%@b%@eréelytl&% théﬁ’@rﬁ'&? r‘éﬂcﬂrﬁé{r Jodrdahigyy contain

smal | amounts, general | ess than 5 nmass% prefera | ess than 3 mass% of
cust omary &Y |a\/f§§nCthI@I'ﬂ&d§‘aﬁh@ﬁ chaigi bjamfsusueﬂseia@fﬁaln@g@blelastz& earbeivl or ant s,

flow pHeMLENS,. T%‘J?meérrflﬁ)l;}é'fﬂWn% rﬁ&ﬂfuﬁﬁeraco%'td?rghﬁtcpﬁ?hmrofBH@QPmoFHJt al so a

m xture of two nore “di ff erent poP/ hyl ene gr ades, e. differing in
|V or nol arCOWQQQmGESquhbﬁﬁta”éﬁﬂes “V@F)@(Mfﬂ@1MWWtEPQO41@PW@8m®ne@F- and/ or
type and nypRgg of conononers or side groups. The rope

according to the invention is a rope especially suited for bending
appl i cations such as bé%@ﬂ%e@po@ﬁ@abéh%ﬁbMV\é%E comains A sellantitng a | arge

%2”‘;? gr € pgefer%ly'a@i’e%*st 3.9, BMatiisastbistPhB0d LArb6R hloAis) oPRRAIVEY sARINgHARET ONS.
25 as pending side groups, preferably a C1-C4 alkyl group. Such a fiber shows an
advantageous combination of high strength and creep resistance. Too large a side
group, or too high an amount of side groups, however, negatively affects the process of
making fibers. For this reason, the UHMWPE preferably contains methyl or ethyl side
groups, more preferably methyl side groups. The amount of side groups is preferably at
30  most 20, more preferably at most 10, 5 or at most 3 per 1000 carbon atoms.

The HPPE fibers in the rope according to the invention may further
contain small amounts, generally less than 5 mass%, preferably less than 3 mass% of
customary additives, such as anti-oxidants, thermal stabilizers, colorants, flow
promoters, etc. The UHMWPE can be a single polymer grade, but also a mixture of two

35  or more different polyethylene grades, e.g. differing in IV or molar mass distribution,



50f the rope is nmeasured at the outnost circunference of the rope. This is
because of irregular boundaries of ropes defined by the strands.

Pr ef er ablwo 20h@1s488e according to the invention is a heacyAgaty/063pe havi ng
a dianeter of at least 30 mm nore prefgrably at |l east 40 nm at |east 50
mm at |east 60 mm or even at least 70 nm Largest ropes known have

di aneters up to about 300 nmm ropes used in deepwater 10installations
typically have a dianmeter of up to about 130 mm The rope
according to the invention can have a cross-section that is about circular
or round, BOH/CaIY®E 2RA NYBILSAET IMOMEEL Pl BIE IMPEBHI ng that the cross- section

of a tensioned rope shaws rgpd é(%kﬁrﬁtf% thé’Vr%ntld?ﬁs%VrGBe é%&%ﬂ?b@ﬂed&ﬂrthe
nunber of primary strands) an al nost rectangul ar form Such’ obl ong

cross-sect |b6ﬂd'TSaP%|fC@P%nﬁ %Pché@ bﬁﬂdﬁgﬂeﬁ{pay%ﬁpm'cat'or@ Atrae p%‘v[lng)a 5798 he
| arger to tdkh@‘ne‘té‘ﬂaé et 1ise B hih is(Ritabe Writet@inRingy dpplidaBdns. iTReldifndtange of

froml1l.2 to 4.0. thods to determ ne the aspect ratio are known to the

ski | ed5pet°§3‘r“? ropg isgRedRyre atike QH@LOSH%'%UF?@@CQ piehe (s dbisds PRGSFBAS of the

rope, whil ﬁ’rré@i‘!?d?'b'&gn(ﬁé?%sro@ﬂﬁ)ets@iéﬁneo%y Rk seandd. Ohdibrapkl Mirpse actordiRgs Ve
tape around it. The advant a&j a non-circular cross section with said

20aspect r&19 §versioptine haawr yE%F@Ih%‘”@%@i?'ﬁ@te\ﬁﬁé@@e@%éo\m'ﬂtrﬁo@i rection of

the cross ?ﬁ‘éﬂar‘aﬁ@ dt fedRBU@ g lat Iedst SEMM, Gt Radl 0BGk, 8Rewthh dtheassheas, | ess
stress differencés occur between the fibers in the rope, and |ess abrasion

and fricti dAEICSHIORES bWt BaverdampPlersigp ?%@Hh%‘?%'@ﬂ" B‘éﬁ?& Usgd inydREMMAIE. The

Cross- ggct 'n%'f'allah&fset&él%lg/ H¥RE aalardsterstug dtdveuofscahput 1.3 - 3.0, nore
pr ef erabl y about 0. 25In case of a rope with an obl on

cross-section, it is WEP%FWQW@&@t%ﬂ"ﬁ@'qnﬁ@”ﬁai%a&fo% Sfeél(?ﬁfhth?b'ﬁe by

the di anet %bo@tfmr%ulbpé'ﬂ‘éuﬁ@ﬂﬁlt giso SR 98|08 ThosRBecli@Naidandy thitehdedss-ound rope,
sonetines referred in the industry as an effective diameter. In this

document t FECHBrGhe tensieRadgPPe FRotsa dnlteset cotal s eypaifoperdingoe fige of a rope

W th an oblnrbeE bOsIA¢6iramiy) asARh@ht St rilar ot SABE oRBAY BfossBEctfonbers in
t he rope are further coated with a second coati n? for further inproving
I

bendi ndSt atfYREOYAFSIANASREFITBUS, RN Katoao! thelassple be SAlleh¥ampIse(d bef or e

construct i QidtAto haghtrra@@, inQhe PAHgR of B PP R &01 I@Iéth'oHs kSdAOMFHE tHelRdectar e
known and exanpl es i ncl ude coatings conprising silicone oil, bitunmen and

both. Poly r@t&fl‘fﬁr’féo‘%é‘é@‘eébﬂ?‘ij H@rspg %@@%Wﬁ'udﬁ%%ﬁﬁwgﬁh%ew%ﬁth VO
2011/ 01548%&@%&%%@%&6@8Jv@nne%eegrﬁglmé: Rpe t&t] or aT@?tlng9%|M|%ﬁ abl'y

contains the second coatlin Yoin a dried state re
preferably?2 dperive @B@ aé%’rﬁ‘fjé‘i h8e aavaniagg @ 3JtonrHiEuSE 61988 S%@@f‘l"‘ﬂ@ said

I'n onezgnb@gg 'ﬂétloqé tHé’ﬂ@uMg‘v‘@%ﬂé bé At h&Ha.thd WRItH BiR&tibH bf IR CrdREeUieS
synthetic fibers made of olynmer ditferent from HPPE. These fibers may be

50f variouds %?Wﬁ‘?th§dY'@t§tﬂ'r§thQ5‘r°fﬁ%Fk$rf?@Vﬁ lesrress dHEeraneen §CpsIPPpYaSHy | ene,

nyl on, ar amidfibers in the rope, and less abrasion and frictional heat occurs, resulting in
enhanced bend fatigue life. The cross-section preferably has an aspect ratio of about
1.3 - 3.0, more preferably about 1.4 - 2.0.

25 In case of a rope with an oblong cross-section, it is more accurate to
define the size of a round rope by the diameter of a round rope of same mass per
length as the non-round rope, sometimes referred in the industry as an effective
diameter. In this document the term ‘diameter’ means an effective diameter in case of
a rope with an oblong cross-section.

30 Preferably, the rope and/or the fibers in the rope are further coated
with a second coating for further improving bending fatigue. Such coatings, which can
be applied to the fibers before construction of the rope, or onto the rope after it is
constructed, are known and examples include coatings comprising silicone oil,

bitumen and both. Polyurethane-based coating is also known, possibly mixed with



(e.g. ones known by the trade nane of Kevlar O Technora O Twaron O, PBO
(pol yphenyl ene benzobi soxazol e) (e.g. ones known by the trade nane of Zylon
O, ther mwoOnopiwas4ssl ymer (e.g. ones known by the trade mamEPed10Newsts an O
and PTFE (pol ytetrafluoroethylene). 10As.the further synthetic fibers, PTFE
fibers are preferred. The conbination of HPPE fibers and PTFE fi bers has
been shown to inprove service life performance in bending applications such
as cyclic bend-over-sheave applications, as described in e.g.

W2007/ 062803A1. The PTFE fibers have a tenacity that is si nrfrcantl

| ower t han StiRNG-PBRENE reRa RrefeszRly aRNtaiBe thespsord £eating wé2 cott Wihintd 8ied o t he

15static t QRACINIdre PhefbRBIy %Qop@'@&rﬂéthQbﬁl%SNt%t Sran&dEdentiicegfigy. pref erabl y
have a tenacity of at | east preferably at least 0.4 or at least 0.5

N'tex, in order to preleeie ?ﬂ“@%démﬁ@t Qg PIsER IEPliony UMarRBei WIS mi xi ng wi th

ot her fi bengaRA/sQhtheld 1 ﬂrti&s MABE ofRkbReher diffBFeRt frSmMMP PR a%@8e f‘r@érs@rﬁhytbbo
limt of the tenacity of PTFE fibers, but available fibers tP/pr Caln}ﬁ: are of
ORa¥'@

t enaci t? ofof é@ﬂ%@@'y&%atﬂtaﬁm &@k'n“gr?ef'qﬂTFt@IW'B%P%IVWQBYIE%F Iy
el ongationy gs%né%rk‘?@{ﬂmtb?%e tr8ddhANE bf kE\Ady &, NedchRérald R drbrPes, BO

Properties of PTFE fibefs and methods of making such fibers’ have been
descri bed i(PPIYRIYREYIS0R bRRANLISONRZARSe i PRASULIONG WI—"’“@B’Q@%B@“%\P‘CZW 55853, US

3953566, %ﬁ%ﬁ@&cphﬁw@l@%%s%ﬂ&w By BREEARZ ankel 6 @Y 19 ant PTWRdeEr St 0od

to be a pol yner rom 25t etraf | uoroet hyl ene as nai n nononer.
Pr ef er abl y (PRIHEIHBIOYRANYIRWHt ai ns | ess than 4 nole% nore preferably |ess

than 249r 1 nol e% of ofRere mn@mgrn&retlerrsérsarsrree fidr8 Bes preferred. The
chlorotrlfluoroethylene hexaf | uor opr opyl ene, perfl uoropropyl vinylether

and the |ikembppien pEHIGRR dparsiapd L& Yook bas bronshowads ImRsPysesrvicaiiien hi gh

mel ting pO'p@Ffo@rﬁHﬂch'rrgberﬁf N@é@llbétﬂin@éucw\@é éﬂllgﬁeﬁ&oi/ér-s‘hbé\rélé’édl|}éatidr“iBO§§' bl e
to melt process in solvents is very

limted. Pﬂpezrftresérr 3 gav\@%(}%ro@%%‘\% JBP@JIFW'bﬁﬁd@Vﬁ)? ERAGY NS i xt ures of

PTFE and OBIggﬂr'&arHﬂyMo@ehﬂén SRIPOPE Rbsrs P PHG hbtaalB etk @Fe RBAIRLURIN tBTRE i nto a
precursor f for exanple a monofil ament t ape or sheet, followed by

si nt er il pg- Isfati t%&é@%thﬁ@o&q é‘ﬁgeﬂwﬁrﬁoweﬁJﬁE fmepr@mrﬁ@y Prve el o at

el evat ed t QRAEES.Y GSferdDl &t 1642@4Sordt RodshOIS N/bé&' padrdief th Pretvaﬁt Bre&km@bs one or
nmore nonofi | ament- 35or tape-like structures, for exanple sone tape-Ilike

st ruct ur es TP@ISUERT NARYGING, ’V%WW'FW“GW@GM’WWI‘%'&'BQWH'Eﬁ*ﬁ@@.d?r@&)@m 10

- product. ré’EBﬁférM®egmﬁbﬁihbxemM§ofirarrter.aere%lﬁ%wanabréimré@@@br&grr n the
process applied for king a precursor on agy plied post- st ret chi ng

condi t i ons ArapiiRReHY Oéléh@%traé@“b? Nﬁq’Flf_rhﬁerTé:rEsf'Q%?rty\%? k}ﬁvﬁeﬁr‘sﬁ'o'&ﬁt'@&bl e

producbg haysredRMdtld @§hdrhdBat ndePPfibaBout 1.2 to 2.5 g/cnB. 5In a
further enbodi nent of the present invention, the rop e conprises a core

menber around which fi B&pﬁrt@s@fﬁﬁgﬁd%rs e helhads PUE?‘F%SWWWG&S R&ee nenber

is useful waen deécribéd Wﬁ!rﬁ@r@ué B@ﬁllcbtf&sbfnéﬁuam FE506uBs69 Al BBBB5EEEN LA
obl ong shape _and retains i uring use. The rope may

Do ther S conBasien hasaaTRY . DEAudsrt ent iohee0dhen s Tometal 1 ber o
preferably in the corepTFhiIyE adimRMtodbStoA/APEIBEPMHEIS FrBFE the center

25 tetrafluoroethylene as main monomer. Preferably, the polymer contains less than 4
mole%, more preferably less than 2 or 1 mole% of other monomers, such as ethylene,
chlorotrifluoroethylene, hexafluoropropylene, perfluoropropyl vinylether and the like.
PTFE is generally a very high molar mass polymer, with high melting point and high
crystallinity, which makes it virtually impossible to melt process the material. Also its

30  solubility in solvents is very limited. PTFE fibers are therefore typically made by
extruding mixtures of PTFE and optionally other components below the melting point
of PTFE into a precursor fiber, for example a monofilament, tape or sheet, followed by
sintering-like processing steps, and/or post-stretching the products at elevated
temperatures. PTFE fibers are thus typically in the form of one or more monofilament-

35  or tape-like structures, for example some tape-like structures twisted into a yarn-like



of the rope usually has the highest tenperature. Wth this enbodi nent, the
heat generated and otherwi se kept in the center of the rope is dissipated
especi al Iwofasf018486ng t he | ongi tudi nal direction. For appriEPati0ossiher e
the sane part of the rope is repeatedl.ypgexposed to bending, this is

especi al | y advant ageous. 15Preferably, the mass ratio of the HPPE fibers is
70-98 Wt %to the total fibers in the rope. The strength of the rope highly
depends on the anpunt of HPPE fibers in the rope since HPPE fibers
contribute nost to the strength. In enmbodi ments conprising a m xture of
HPPE fi ber redvgt &Tﬁgrf'bﬁf%@r@r%‘”&i@ﬁv%§eﬂt%'ﬂ pPR®SitS yirpeRAINEOR Vl%?rr@‘?%§ descri bed

above, the aﬁbﬁ‘éd#b?m@f(m@ B%réé@&frf’ﬂbgpémyorbﬁ)@ibd %blst JtRY®liry cohfifiond Xt ure may be

at rope yarns made from fibers stran from rope yarns, and/ or at

the final roperoRhaR stes ol Eﬂ_Fﬁﬁ@grS BFrEeseYi %‘ﬁ‘?@ %9@%'&%‘? densitipgin

foll ow ng fy palnbg@fg@g@@qggépb/@nﬁope constructions. It is noted that these
enbodi nents are for illustrative pose only and do not show all possible

m xture$ within the scHpfihet ﬂ’é‘bﬁﬁ“@@@h@f th‘ﬁ{?@ﬁ?”tdﬂve”ﬁgn i@ FRPeiPBEIS PNt

di f ferent taYd%@énféfntﬂ‘ekQn%ruﬁdWhﬁ:hff%F@Qe'bPél@e@'I"h@l%@né/tﬁlfcﬂon Whl@afc@&emﬁﬁhbl@ﬁ are
made into strands and the strands are nmade into the final g’ﬁosme rope.

In a furth&u%dmeﬁém de%%?@ﬁh@tdb%bsﬁa#ﬁoqsan%ﬁa'@pﬁ?m&?awm@@g ARFRDf

fibers, i.ene@pbiréinshitQRBay@ditinguserde fromfirst fibers and a second rope
yarn is rrade 30from second fibers, and so on. The first, second and

optional Iy further ropdh§&nesmay Birhatieontaip esmalnerndypliyeperss Yl ar e

made iRApo tnlil@,ﬂaIffib@ﬁ!;I pfeSTRBIg lirt ﬁerc%ﬂ,ﬁ Thls embodiment is advantdg@o@s §iHEd thelcenter
enbodi ment, each rope yarn is made froma sin pe of fibers. Each

strand is IPaH® rpp%%l@"xlhﬁ@ﬁ@wﬁtﬁnr}e@éreyw%sthlsgmbgﬁwr@éeﬁ hgglde from

di fferent igeReragid éddbﬂﬁ@rwe%ﬁﬁﬂ&hé Bérfet &@nd ropalis GiosPaRY fe@pé&ﬁ?@ fast\O
2011/ 015485PCT/ EP2010/ 060813 - In a further

enbodi nent 2lasgriee lopgiddiag! ng%P”sEQFé}P@ECQQP@S Whers the éﬁ’i“%tﬁ’értﬂlﬁ*@ "8P€ 1S bers and

Sone rope Yéﬁééﬁeowe)ﬁfo%@(ﬂ‘ﬂﬁb@fd%gfmﬁhﬁsfe"sﬁéﬂlélw(hd“?éntﬁ'gétﬁjstype of fibers. The
rope according to the invention can be various constructions, 5including

| ai d, BPaided, parall ePr§i@iably: £\6vBass, ra%ﬁ”ﬁﬂ'@ﬁ%“ﬁ@@ isK-Wonktertddited ropes.
The nunber g ﬂHer'ﬂlﬂdﬁe fdbet Tiee ét@é?@tHT@Mhé‘l'cﬁfé @Y d¥phedRs Yon til%lémb§ntgﬁlll¢*l3@ ly at

| east 3 and pr eferably at npst to arrive at a conbinati on of good
per f or manc dbafsdn ggsr@p%ﬁlnﬁﬁﬁﬁfgcftq?f%contrlbute most to the strength.

In embodiments comprising a mixture of HPPE fibers and other
fibers such as further synthetic fibers as described above, the mixture of the fibers

20  may be at all levels. The mixture may be at rope yarns made from fibers, at strands
made from rope yarns, and/or at the final rope made from strands. Some
embodiments are shown in the following to illustrate possible rope constructions. It is
noted that these embodiments are for illustrative purpose only and do not show all
possible mixtures within the scope of the present invention.

25 In one embodiment, different types of fibers are formed into a rope
yarn. The rope yarns are made into strands and the strands are made into the final
composite rope.

In a further embodiment, each rope yarn is made from a single type
of fibers, i.e. a first rope yarn is made from first fibers and a second rope yarn is made

30 from second fibers, and so on. The first, second and optionally further rope yarns are
made into strands and the strands are made into the final composite rope.

In a further embodiment, each rope yarn is made from a single type
of fibers. Each strand is made from a single type of rope yarns. Strands each made

from different type of fibers are made into the final composite rope.



Preferably, the rope according to the invention is of a braided
10construction, to provide a robust and torque-bal anced rope that retains
its coherwooylidusisng use. There is a variety of braid typgEPaomsiach
general ly distinguished by the nmethod.tfhat forns the rope. Suitable
constructions include soutache braids, tubular braids, and flat braids.
Tubul ar or circular braids are the nbst common braids for rope applications
and generally consist of two sets of strands that are intertwi ned, 15with
different patterns possible. The nunber of strands in a tubular braid may
vary w dely. Especial | @furthﬁée’ﬁh%é\e”bﬁo@?rr‘é%‘éam%OWt@ﬁ‘dS&Fﬂﬂ“@ﬁefrf’mt he

strands ar %né%lpfétdf\n%dé aT-nG'sBmetrBSe shY bRt RI e FRMe MWLM d1Phdre\y and
the braid nay collapse into an oblong shape. The nunber of strands |n a

br ai ded roﬁ@eréccor ding to the invention is 20preferably at |east 3. There

is no upper limt to t|Tﬁe%ﬂ@)ﬁfco@ﬁn%rﬁé‘ﬂ%nt@ntd&ﬁ%%f'\/ercﬂfs%hbl‘ﬁﬁ:tlbﬁspes will
general Ly have no nore an 32 strands. Particularly suitable are ropes of

an 8- o 1@%4‘%‘8'%‘9@'%@@@6”@t(WUE:WV@ﬁ) arg, Wi FeRsaliesiopsirtedropgs-oiicabl e

conbi nat i omyribet Gfrb%r%hwlrﬁﬂé réRShaY Q@@Qaﬁy@m@&g%lﬁ?Pstgéﬂéﬁally%'ﬂ%a@)taﬁa@& nmade
economcally on relatively sinple machines he rope according to the

i nvention ®KEBEVA ”ﬁ’séﬂ)ﬁsré?laﬂé’ﬁaéﬁ CRAINGLIAN PhEPqIREricERRMe %ﬂdtﬁ‘sﬁé’ﬁgt h of
one turn ofpaufdci@gd in a laid construction) or the braidi ng period (that
is the pitch length related to the width of a braided rope) is not
specifical ly critical . Pgie@kl berape pesading toatha inyealien ingT peraidRs are in the

range af frcemtfiction, 48 pfdviRSa fobBstdndTBrigBE-bafant&Erdpe Rfat ré’tafh's&@%bhér@ﬁcyj engt h
or braldlng period_may result in a nore 30l oose rope having ﬁher strength

ef fi ci ency dUBRd UsthiTORTS i§ 2 V@Esly b B YRR KPRYYe carh perasplty G!ﬁ'”@ﬁ'ls 8&DY Too | ow

a lay |engtfe ﬁétﬂéﬂahéilfé}ﬁnsﬁﬂé kP, BRKdtle ESkuEetdrantideysduthBedids, Pr ef er abl y
therefore, the |ay %ﬂh or braiding period is about 5 - 15 times the

di anet er ofURYRs %B% angdiakbrigidst Bybianpr girculer krpide are e epshreTEN Hraidhe rope.

I n the ropgoaeseuphiRetde dndeehBMaN bkt N BVERAS b &9 tha® brd iRR rfAdeaNdS,
35al so referred to as primary strands, is not specifically critical. The

skilled® peﬁ"é@rﬁj'ff%?ﬁt pﬂﬁar@@PP?%?%J@W@I‘T@Z@ﬂﬁ’@@d@f&*“bm‘i@ra'dé‘éqye\(ﬁry sui tabl e

constructi qidely. és@e&@mf e ihived 8fkstRintia dsigh, aimd/dr Witsd stk Qe RllatheRi di ng
period respectively, such that a bal anced and torque-free rope results.

In a speci dNnghedulashraidmayheve ﬁ\h@H‘?"l"6ﬁreeﬁ'%41th§rqrﬁ'ﬁr"§ﬁys‘iql'§9ﬁ? i@t sel f a

brai ded ropgiongrsBbgs.ably, the strands are circular braids made froman even

number . . . o
The number of strands in a braided rope according to the invention is

20  preferably at least 3. There is no upper limit to the number of strands, although in
practice ropes will generally have no more than 32 strands. Particularly suitable are
ropes of an 8- or 12-strand braided construction. Such ropes provide a favourable
combination of tenacity and resistance to bend fatigue, and can be made economically
on relatively simple machines.

25 The rope according to the invention can be of a construction wherein
the lay length (the length of one turn of a strand in a laid construction) or the braiding
period (that is the pitch length related to the width of a braided rope) is not specifically
critical. Suitable lay lengths and braiding periods are in the range of from 4 to 20 times
the diameter of the rope. A higher lay length or braiding period may result in a more

30 loose rope having higher strength efficiency, but which is less robust and more difficult
to splice. Too low a lay length or braiding period would reduce tenacity too much.
Preferably therefore, the lay length or braiding period is about 5 — 15 times the
diameter of the rope, more preferably 6 -10 times the diameter of the rope.

In the rope according to the invention the construction of the strands,

35 also referred to as primary strands, is not specifically critical. The skilled person can



50f secondary strands, also called rope yarns, which conprise polyner

fi bers. The nunber of secondary strands is not |imted, and may for exanple
range frowo@otii3@s with 8, 12 or 16 being preferred i nPCTaR@b/060823 | abl e
machi nery for making such braids. The_gki.llled man in the art can choose the
type of construction and titer of the strands in relation to the desired
final construction and size of the rope, based on his 10know edge or with
hel p of some cal cul ati ons or experinentation. The
secondary strands or roggﬁﬁarns cont ai ni.ng polyner fibers can be of various

const ruct i 6R'$ct wfabls cap Lol Ha'fjWébEPé%qdr?é@”P%p?é‘d t@lﬁ fagtor &r BHHRG uct i ons

include twiggtisdrdshb&hvely, Q&Hh tﬁétsé)babérﬂied%drt&ﬁﬁé-fr@é r& @8ultd. | ke a circul ar
brai d, can be used. Suitable constructions are for exanple nmentioned in US

5901632. 15The rope ach@GP?@'@@WH@Q%?EW?HW”E%G%‘ RERRSY irand Risalh

t echni ques Af9idas psyEb PreisraBly PRStrbh @R Ak NEF brfald@,%aiie fidHe af @2én R@mber
conmposi tion _conprising cross-1inkable silicone polyners may be applied to

the fibers ChRRFPHEay Hrends: @'Stod%aﬂ?‘ér%éllaf"ﬁgwét‘iﬁﬁpﬁ@f'%p@y’é‘% $-i Red

silicone pPALMKRF of @'&Qn&ﬁ?@tréﬂb% i€ hbEinstedBdhdRafBdexbbR BndoRém G'EB@,zcoat I ng
conposi tion conpris cross-1inkable silicone 20pol ymers may al so

appl i ed af ¥ & H@ o a%gewa§r%w ingfigveal avajlablg mﬁch%mf@émab@g|851:feb&a518app| y

the coati ngrhgQRNES hiah G tH art &é?ﬁcrﬁb@éé‘ﬂwe&?;&@@@oﬁ@rudﬂ@ﬁ‘aﬁb‘ﬁté‘r'ob@l'é%tr@hdspn
strands assenbl ed fromthe rope yarns referable that the coating

conposi t i ol fekatigRAp thelasged ﬂ@'ﬁpﬁﬁwt'%?'&ﬁ gz¢ erth%?)%e Pasedbersbisuct ed. The

advant age Qhowletige bwikiAsIp ROEHEE BEIOUSLHEIr @EPSHh&iatidnt h t he coati ng
conposition is achieved in the rope 25irrespective of the dianeter of the

rope. One preferred et BECEANIARGITGIR OF BPE YEBIRSHON G PRIYRESReERGA™ f i ber s

conpri ses tR&fSheRS c%st?\mﬂbb(é %@a@ dé@éhdlﬁ@oﬁﬂmirbd fdbeC SORIHIST NG a
cross-linkable silicone he high strength fibers and/or the rope

and subj ectCPﬂ%}rLtCH‘én%f‘eHd%ﬁW'@ﬁ%f‘Herﬁi %raésoé)r'iﬁﬂﬁﬁ’ rQRSE Of 6pyEst!tfe R FSHSEr at ure of

120- 150 C typaif, W (xea! SNehbROSHERIIdDhE Brefof ERMSpIe hitheshed ihiLEsg1BGLY Mer on
t he rope and/ or the HPPE fibers. Al t hough the applicability of the fibers

of thel!Pnvention is mai HPWWF’F‘W&"W"'@)@ invgpfion cagibgdradrseid iWnh are known

for high stté&mrr\gmasfdrtagéénblﬁq@% RbE Froi 65Nrﬁeﬂf|’ﬂ>%rss¢ﬂ9%09tf tdwdow@ntlon In
particular the fibers can be used in the manufacture o such as a

fi shing netcomPf'S'ﬂ%§r°§§éﬂk%W'\anﬁé’P'ym?és ey begralied tl‘?éh%gli)?ﬁéﬁ@' PEEURdve a

better knotg ﬁirrh%ﬂéﬂa'ﬂn? gf‘ﬁﬁg Ia@rdé@@iﬂl?é(ﬁgll(fohg%b@mer VWAd then the fibers may
2011/ 015485PCT/ EP2010/ 060813 - - The fibers can al so be

woven or otbﬁé?%es'@tO&@o@ﬁbT%anan%P@@P%Slﬁ*%?q”a%%ff@rcr%ﬁsr'mé?'@ﬁtS'"s?ﬁﬂ i cati ons,
such agoi n poflerd Ry aNOTROYRNed b the RPE8hebAforRMERTS AR03R8 WoadbiEMPr oved

to apply the coating composition on rope yarns assembled from the fibers or on
strands assembled from the rope yarns. It is preferable that the coating composition is
applied to the fibers before the rope is constructed. The advantage of this is that
homogeneous impregnation with the coating composition is achieved in the rope

25  irrespective of the diameter of the rope.

One preferred method of making a rope comprising high strength
fibers comprises the steps of applying a coating composition comprising a cross-
linkable silicone polymer to the high strength fibers and/or the rope and subjecting the
high strength fibers and/or the rope to a temperature of 120-150 °C to form a coating

30  comprising a cross-linked silicone polymer on the rope and/or the HPPE fibers.

Although the applicability of the fibers of the invention is mainly
described for ropes, other uses which are known for high strength fibers, are also
within the scope of the invention. In particular the fibers can be used in the
manufacture of a net, such as a fishing net. It has been shown that the fibers of the

35 invention have a better knot strength compared to uncoated fibers.



processability when making ropes or other articles out of the yarns. Better
S5processability nmeans that the yarn containing the fibers of the invention
noves snowohlby/tibssugh t he machi nes used for maki ng thePcomP01a0608i3tt! e
damage occurs to the yarns where the yapns conme into contact with the
different elenents of the machine, such as rollers, eyes, etc. Thus, the
yarn can be nore easily braided or woven. 10Preferably, the coating
conposition is applied in tw steps. In this preferred method, a first
enul si on conprising the cross-1linkable silicone polyner and a cross-1inker
and a second emul si on EBﬁﬁP@§FﬁQaFﬁéﬁde§§quH@ﬁMﬁ%a§$¥F@@%E)%6@9ner and a

net al cat alysics #rRiifBr&RGpplldd@onHRAcRRS naextide fibers are dipped in this
m xture. The coating conposition_ is then cured. 15The di pping of the fibers

into the coating compoMoreQysr s fibrss @bihg inKentionshayean iNbEPVest oduct i on

process. TQ&xﬂ%&ﬂMﬁ&h@@nHﬁﬂﬁ@&§pé§oﬁ&ﬁbﬁéd&%§%dtvabW@ﬁmaBeﬁ@ﬁSt one draw ng
step. The drawing step may take place after the dipping step

The net Pod PERAES? "vam@an% tthﬁ\)’é‘m FHainiag tha Whers ot ﬁé"rveewpmpw a step of

post - st r et Ghidaehiy MouhitRB A chihE QDS f@ﬁﬁ@klﬂ?ttmﬁrobé@bﬁid tfe 9bMBge Bcurs to
alternatively a 20step of post-stretchin Such stretching step is

pr ef er abl y Uey3as Wﬁﬁreatf‘eéﬁ@é‘&f)@& ipteFeRIRS ‘M'FréthﬁlﬂfP%@Tt&ﬁ”ﬂq{ES fEPei ng poi nt of

the (I owestmamBinel sigh ds loferBNdy@si dctTHisSthandam &ah%m%téa%mﬁbrarm ;orpref erabl 'y
at tenperatures in the range 100-120C. Such a post-stretching step is

descri bed i¥?V&10. EP 398843 Bl or US 5901632. The present invention is

descrihgd further in d@?e%’bﬂabi/efr@rdobn% sSmpRRAPhSSied ORAdEsd. iethisxanpl e A
A rope havi ngf a di aneter consi sting of HPPE fibers was

produced. RIsEEMEthesr 3 IR Rewisiormomskising the grees-titkablagiicons ealymgeprider ed by
30DSM i n t %Q:r&&tlhﬂ%érl AS sedohg pRSiER é&ﬁbr@h%efc%sﬂlﬁﬁﬁolé@h(ﬁb I¥ner 1760

dtex, 20 turns per neter S/Z. Fromthe yarns strands were produced. The

strand con@ff Gcteighraiglyst prsMixgde ThRFRS, ané@rmﬁf@rwﬁ iRregrin HsMINYEM t he

strands a rmpRRoYRTy GInfisbafied is ﬂ;@ﬁcn%e constructl on was 12 strand brai ded
rope with a braiding period of 10 e. about 7 tines the rope

di amet dP. The average BPesieriy Cgttrfeefﬁtﬂ?]'”& th@weamqg@%'t@@ ”L'?yéf!%l‘@”e VO
2011/ 01548%8@5@ E—B&@%%l@@@&&ﬁ process. The production process of the fibers involves at

least one drawing step. The drawing step may take place after the dipping step.

The method according to the invention may also further comprise a
step of post-stretching the primary strands before the braiding step, or alternatively a

20  step of post-stretching the rope. Such stretching step is preferably performed at

elevated temperature but below the melting point of the (lowest melting) filaments in
the stands (=heat-stretching); preferably at temperatures in the range 100-120°C.
Such a post-stretching step is described in a.0. EP 398843 B1 or US 5901632.

The present invention is described further in detail referring to

25  examples.

Comparative Example A

A rope having a diameter of 16 mm and consisting of HPPE fibers

was produced. As HPPE fibers Dyneema ™ SK 75, 1760 dtex was used, delivered by
30 DSM in the Netherlands. The construction of the rope yarn was 8 x 1760 dtex, 20 turns

per meter S/Z. From the yarns strands were produced. The strand construction was

1+6 rope yarns, 20 turns per meter Z/S. From the strands a rope was produced. The

rope construction was 12 strand braided rope with a braiding period of 109 mm, i.e.

about 7 times the rope diameter. The average breaking strength of the rope was 22.5
35 kN.



- 14 - The bend fatigue of the rope was tested. In this
test the rope was bent over a free rolling sheave having a dianeter of 400
nm The rwpeowzds4ssaced under | oad and cycl ed back and fPomERezaoo¢EsI3 t he
sheave until the rope reached failure.igach machi ne cycl e produced two
straight-bent-strai ght bending cycles of the exposed 5 rope section, the
doubl e bend zone. The doubl e bend stroke was 30 tines the dianeter of the
rope. The cycling period was 12 seconds per nachine cycle. The force
applied to the rope was 30% of the average breaking strength of the tested
rope. The rope failed ahﬁéﬁnqgﬁguﬁﬂEWPﬁ@thé$3§“thé%§ﬁﬁﬁgm1mpewas

A coating GRAPS&ErhifkR rbﬂ‘fﬁﬁg éﬁéénérhﬁﬁn@ bRAetbt sidooanml $hé)Fbp%Q/Vﬁ%r¢|§de@|9 a
reactive silicone poly prefornmulated with a cross-|linker and a second

emul si on cé‘ﬁﬁ?"'@’f’%@”%cgﬁ'qq Qﬁ?ﬁ@”ﬂé‘l’%’)’ﬁ@rO%H‘easr}?@t’%ij”‘iﬂért‘%myﬂreachﬁ@ fqilupes ¢

emul si on WagcRMRRIME YO8 p?d&icb@%&st?én@mﬂaﬂ%t@érﬂ'b@gdlﬁg'89c%§1bﬂﬂe 3%&9@0 0
wt % of di net hyl vi nyl -term nat ed di_net hyl sil oxane and 0-5.0 w

o et hyb, ﬁ%‘%%%ﬁ%%r%@éﬂ“@‘? P@@pa%@e( e b4 pend steks BB @sﬂqmﬂg}?r The

second emulosiranop@sTHartyerRd sdried wiaiol selbfdsf é?ﬁ*ﬂel%ﬂw Elai gk fordd e
30.0-60.0 wt % o?w%ll rretﬁ/ Im\?lp;érl -term nat ed S(f es??l oxane anda?dg"pl atinum

catalyst (%8 ro(gpﬁNa(srii)O"/qgfthe @&?r§99§feaEWQIS§’PBQW Ofﬂ‘}?et%tW §@P%nul si on and t he

second enul sion were m-mgdo@éfaﬂemé}htgggmdcﬂmgfcy&eg 1 and diluted with
water to a concentration 20 of 4 wt% HPPE fi bers,

delivered by DSM | n the Netherlands as Dyneema (r) SK 75, 1760dtex, were
di pped1pn th@npRat i ng conposition at roomtenperature. The fibers were
heated in an oven at a tenperature of 120C so that cross |inking takes
pl ace. A rope having tI%C(?ﬁﬁ%C%@H%%'W%%W@%Weﬁéreﬂé@m?B@HG'F‘HFS'%‘WQWW

experi ment Aed&wasiiebespsifde @Wr%h@t&%ffﬁ@cﬂd@?ﬁnﬁdr%ﬁﬂ% setb®) &andiohat i gue

of the rope was tested according to the sane test nethod as conparative
experi nent CATPTHRI @@tygorpedpqﬂ)gae@qqde@ meied gatglyehiThe fiEs) muision was an emulsion

It can be R8HHRYIEAMRW CHAINgRNTRFM 86.080. OC\WZP@f GinleH ViR ERInMafedand
exanple 1 that the bend fatlgue resi stance of the rope _was S|gn|f|cantly

i mprovéddl 3oByethHEIeraIeAnd; ke d Wi Pfdhrﬁsthabaﬁtwyd@ﬂ?aéﬂ%qn@é BBl e B

HPPE fi ber 5’959’E|rﬂu‘+’§6rﬁdoéﬂhg§)3h4e| s‘écérﬂﬁe%l‘s*&ﬂ@a@@ﬁerﬁ@&&s{ ReSMle(ffom Déw’ 5,
1760dt ex, were dipped in i ng ition containi ngﬂa i cone oil

(Wacker 35&00Ng bR O- @%Qtwt%gqfdavethwﬁwrt@ma@taﬁmr@et $eKANE@NIR r ope
havi ng a dipgimt@rcatly st Sy D AGBREIHFEREH0LRANEH2 first Enulsié atl hEs¥esnd

produced fromthe coated HPPE fibers. The constructjion of the strands was 4
X 1760 dt exXMuROR Weresmiyed ahgiveiohgyasio op o akdibiqdwiswater B coresnpriiuced.

The ropg copgtpucti on was a 12x1 strand braided rope wwth a 27 nm pitch.

The average breaking strength of the rope was 18248 N.
HPPE fibers, delivered by DSM in the Netherlands as Dyneema ®

SK 75, 1760dtex, were dipped in the coating composition at room temperature. The
fibers were heated in an oven at a temperature of 120°C so that cross linking takes
place. A rope having the same construction as described for comparative experiment A
25  was produced from the coated HPPE fibers.

The bend fatigue of the rope was tested according to the same test
method as comparative experiment A. The rope failed after 9439 machine cycles.

It can be seen by comparing the results of comparative example A
and example 1 that the bend fatigue resistance of the rope was significantly improved

30 by the cross-linked silicone coating.

Comparative Example B
HPPE fibers, delivered by DSM in the Netherlands as Dyneema ®

SK 75, 1760dtex, were dipped in a coating composition containing silicone oil (Wacker

35  C800 from Wacker Coating) at room temperature and dried. A rope having a diameter



5The bend fatigue of the rope was tested. In this test the rope was bent
over three free rolling sheaves each having a dianeter of 50 nm The three
sheaves wepeoarmssged in a zig-zag fornmati on and t he ropeTwR301ploases over
t he sheaves in such a way that the ropgshas a bending zone at each of the
sheaves. The rope was placed under |oad and cycled over the sheaves until
the rope reached failure. 10l n one nachine cycle the sheaves were rotated
in one direction and then in the opposite direction, thus passing the rope
six times over a shave in one machi ne cycle The stroke of this bending was
45 cm The %9 &M MgSPER]UsEd {1ag the §@@6ﬁ@§ty Rielibaraciierrensijuatian offke sfrapdse

appl i ed todia x opsd aeg BAUerRipet hRtar @y @%mﬂhé%érﬂﬁ aSForpSW\%Ts*br@cfucheTH@pe
15The rope failed after 1313 machi ne cycles

HPPE fi ber $OP&ieQnsifastion Visp &k Ti strapf or %@PPM@r%smm/m@@nﬁhq gyerage 75,

1760dt ex, \Qﬁ‘éeﬁkw@%ﬂeﬂﬁtw@f&ﬁb tobe weRatgbag Nconposi tion as described for Exanple
201. A rope having the_sane construction as described for Conparative

experi ment B was const riti€{eqd fatigye BERG reRg gt tesinds It Bistted herapgevasane way

as Conpar atgeMEovX #d BeBrolHysheaR& dathRdingfat ®améRBar sGR. mRe @iteb es.
It can be seen fromthe results of conparative exanple B and exanple 2 that

the bend f&PPYES Ye58 ARRIRIEIN GrZi9-Fa0 forpation-andsing fore Wamplrged oMsF ifed by 25t he

cross- | i nkefesidsiis oih £@aY tmtrreqap@hgga%enangeaw&ét%%%h |o\' fhléas%sv@ frhgone
coating. Conparative Exanple havi nqﬁg di anet er

of 5 nm wadoRs Wamielaeed V'&ﬁﬁri‘iﬁd@”ﬂl%@?g oY@ tf‘%é?%’eﬁyjnﬁé fQPetrﬁ@C tAB¥¢-ands

as Dynegma |{ bie FacHine cﬂ@@@éﬁéaveéﬁh@r@r@@%hbHé‘%jir@&loﬂfathI@eﬁWtﬁé‘ds was 4 X
1760 dtex, 20 turns per neter S/Z. Fromthe strands a rope was produced.

The rope c@ﬁg?ﬁ"iﬁd’("ieﬁ'i*P'\t\H&‘Sé’aﬁQS”Letrpﬁ?la'xﬁmsd%@r 7 Spavadn toﬁeéf‘a?*?'”ﬁrﬁyﬁ'fat ch.

The aver agenbrsgaké Bﬁlh%ttfeﬂﬂiﬂb hva@f45td?ﬁ‘ THRR§ cSpekidd s se-EBﬁdsS;Bér&ﬁ'éthlne
construction was x 176Q dte he bend fatl gue of

the rope w&¥C %Q}eef@rqerﬁp[ph@ @éﬁ% roRgyVass3036 ebing Avataded %@l‘éﬂ&ﬁt@”g %€ r ope
failed aftegpe3d47 nmachine cycles. WO 2011/015485PCT/ EP2010/ 060813 - 16 -

Exanpl e 3 ,
The rope failed after 1313 machine cycles.

Example 2
HPPE fibers, delivered by DSM in the Netherlands as Dyneema ®

SK 75, 1760dtex, were coated with the coating composition as described for Example
20 1. A rope having the same construction as described for Comparative experiment B
was constructed. Its bend fatigue was tested in the same way as Comparative example
B. The rope failed after 2384 machine cycles.
It can be seen from the results of comparative example B and
example 2 that the bend fatigue resistance of the rope was significantly improved by

25 the cross-linked silicone coating compared to a non-cross linkable silicone coating.

Comparative Example C

A rope having a diameter of 5 mm was produced from HPPE fibers
delivered by DSM in the Netherlands as Dyneema ® SK 75, 1760dtex,. The
30  construction of the strands was 4 x 1760 dtex, 20 turns per meter S/Z. From the
strands a rope was produced. The rope construction was a 12x1 strand braided rope
with a 27 mm pitch. The average breaking strength of the rope was 18750 N, The
strand construction was 4 x 1760 dtex.
The bend fatigue of the rope was tested in the same way as

35  Comparative example B. The rope failed after 347 machine cycles.



The rope of conparative exanple C was coated with the coating of Exanple 1
with the exception that the concentration of the m xed emul sion was 40%
sol i d basw0.20flilas5486pe was di pped in the coating conposi PCOEP210/06E3M3
tenperature. The 5rope was heated in aRgaven at a tenperature of 120C so
that cross |inking took place. In the bend fatigue test of
conparative exanple B the rope failed after 3807 nmachi ne cycles. Exanple 4
10The rope of conparative experinment C was coated with a first emul sion:
Sil col ease(r) Emul sion 912 and a second catal yst enul sion: Silcol ease(r)
Enul si on CM‘ 3913 (available fromBluestar Silicones). The first and

the second enul sion mﬁ‘he%ﬁ@@‘ﬂn@re\&ﬁb@%mbl@"(ﬁ Wa@Eoé&@@mﬂtﬂtl@@Qoéﬁhb@? ed with
water to a concentration of 4 wt The procedure for applying the coating

was the safsaa®lq hWE'?Sﬁ%‘aﬁ?ﬁSP%t'%‘ th the concantration o the mixedenbatien Mag fEe t est
of conpar aisplEoaEANPhErdBe iR diia ih #ld QstiAd &&hpé&% m@&h REmSHEIRS The

Experinments 3 and 4 show that al so when ap lp pe, the cross-1linked
silicone cderg ygs beatehd Imnentat grieneei@giure o ?ﬁoaﬁ ﬁoﬁfﬁ’t&v‘&? “H?E'ﬁ@lt?ﬂf place.

20performance over an yngRalRd faRpe eLRRBGHBiraNR: SXAPK B tie rofpe\f‘éﬂed
2011/ 015485PCT/ EP2010/ 060813 -17-  CLAIMS 1. A high strength fiber coated

with a crogier 3¢ enading @688 pol yner. 2. The h| gh strength fiber according
to claim1, which is a high performance 5pol yethyl ene (HPPE) fiber. 3. The
hi gh strength fiber according to claim2, wherein the fiber is nade of

ul trahi gh r wei ght pol yet hyl ene (UHWAPE) having an intrinsic

viscosipy of at | east 5’h€|r6&dﬂioﬂfﬁé'rélﬁ@ekﬁerﬂﬁéiﬁ'd@a@&oalé’@w@w adirstThe hi gh

strength fiber according to any of the preceding clains, wherein the
10degr ee offMYIPYL JipelRaseP ngnuisw@ Hra$da ?%’F@%I C%tﬁ‘\y?tc‘?m‘és'ﬁﬁl Silteleasa®at | east

20% pr ef ershlisoRCatBasH 13N ilable FH %é%'fbr%ﬂfc%ﬂgé)hﬂﬁé hef arreersdisiy to any
of clains 1 to 4, wherein the coating co ising the cross-|inked silicone
pol ymer is eMg&@mg.reﬂplxed at a weight ratio of 100: 0 and dituted with water to a
concentration of 4 wt.%. The procedure for applying the coating was the same as in
15  Example 3.
In the bend fatigue test of comparative example B the rope failed
after 1616 machine cycles.
Experiments 3 and 4 show that also when applied on a rope, the
cross-linked silicone coating of the invention results in an improved bending

20  performance over an uncoated rope (Comparative example C).



applying to the fiber, a coating conposition conprising a cross-I|inkable
15sili cone polyner; and cross-linking the cross-Ilinkable silicone polyner.
6. The hiwyb2etwasgsh fi ber according to claimb5, wherei rRCTEP2€006613 | nkabl e
silicone polyner conprises a silicone_pol.ymer having a cross-1inkable
end-group, preferably an C2-C6 al kyl ene end group. 207. The high strength
fiber according to claim6, wherein the cross-linkable end- group is a
vinyl group. 8. The high strength fiber according to any one of clainms 5-7,
wherein the cross-1linkable silicone polynmer has the formula:

CH2=CH- ( Si (CH3) 20) n- CH=CH2( 1) 25mhere@hgﬁﬂ§s a nunber from2 to 200. 9. The
high strength fiber according to any one of clains 5-8, wherein the coating
conposition further conprises a cross-linker having the formula:

Si (CH3) 30- (Isi cH3Ad)igh steinodHes coptednethad ¢ioss- E'%easwe%ﬁaowerz to 200.

3010. The hixgh st rmapGidh dtichgth f%@?@éc@‘rd?ﬂg tcIARY1, WHchok adi 6@‘fo5m8ncé’mer ein
the coating conposition furth comprises a plati numcatalyst. 11.A rope
conprls?ng hi gh @PW@WQFHeﬁHB%Ekﬂmﬁreferably i ncl udi ng HPPE fibers, wherein
the rope i g provirdgd, gNétﬁé C%thcf@)@F h(ﬂ%r&ﬁ’%ﬂb’dlﬁhﬂﬂ v%e%@%%‘ﬂtieﬂl%@ﬁa&é 5 cone

pol ymer. WD 2011/ 015485PCT/ EP2010/ 060813 - 18- and conprising high
strength fibers, uprebabrae P?J@H%?@Hﬁﬁ@emWhEeﬁpH@%%PEMW§W§1ﬁ"?H@S§trand is

provided With a gRabdif)breOBRS 55dIRMAerRliRESnldebdRctaBsirgone pol ymer. Use of
a high strength fiber according to any of clains 1 to 10 for nakln% a rope
Ser

Wi th i mpr oded. berldp RigTHErglidPeasor e © okl s Prcadigholar e HIPHe T
accordipg to any defreelorcislinkify d30thE @FosBBikkéDsifconk PoIyitkr R4t leddt PBYN0d Of
maki ng coated high strength fibers, conprising the steps of:

preferably at least 30%.

5. The high strength fiber according to any of claims 1 to 4, wherein the coating
comprising the cross-linked silicone polymer is obtained by
applying to the fiber, a coating composition comprising a cross-linkable

15 silicone polymer; and
cross-linking the cross-linkable silicone polymer.

6. The high strength fiber according to claim 5, wherein the cross-linkable
silicone polymer comprises a silicone polymer having a cross-linkable end-
group, preferably an C,-Cs alkylene end group.

20 7. The high strength fiber according to claim 6, wherein the cross-linkable end-
group is a vinyl group.

8. The high strength fiber according to any one of claims 5-7, wherein the cross-

linkable silicone polymer has the formula:

CH,=CH-(Si(CH3),0),-CH=CH; (1
25 wherein n is a number from 2 to 200.
9. The high strength fiber according to any one of claims 5-8, wherein the

coating composition further comprises a cross-linker having the formula:
Si(CH3)30-(SiCH3HO),, -Si(CH3)3 (2)
wherein m is a number of 2 to 200.
30 10. The high strength fiber according to any one of claims 5-9, wherein the
coating composition further comprises a platinum catalyst.
11. A rope comprising high strength fibers, preferably including HPPE fibers,
wherein the rope is provided with a coating comprising a cross-linked silicone

polymer.



a) applying a coating conposition conprising a cross-linkable silicone
polymer to the high strength fibers; b) cross-linking the silicone

pol yrmer . wWormetimas#sst maki ng a rope conpri sing hi gh strergTiEPRétoas6sS]13
conprising the steps of: a) applying.ggcoating conposition conprising a
cross-linkable silicone polynmer to the high strength fibers; b)
cross-linking the silicone polyner; c) constructing a rope fromthe coated
fibers obtained in step b). 17. A nethod according to claim 15 or 16,

wher ei n the h| gh strength fibers are HPPE fi bers.
. A strand comprising high strength fibers, preferably including HPPE fibers,

wherein the strand is provided with a coating comprising a cross-linked

silicone polymer.

13. Use of a high strength fiber according to any of claims 1 to 10 for making a
5 rope with improved bending fatigue resistance.

14. Use of a high strength fiber according to any of claims 1 to 10 for making a
fishing net.

15. A method of making coated high strength fibers, comprising the steps of:
a) applying a coating composition comprising a cross-linkable silicone

10 polymer to the high strength fibers;

b) cross-linking the silicone polymer.

16. A method of making a rope comprising high strength fibers, comprising the
steps of:

a) applying a coating composition comprising a cross-linkable silicone
15 polymer to the high strength fibers;
b) cross-linking the silicone polymer;
¢) constructing a rope from the coated fibers obtained in step b).
17. A method according to claim 15 or 16, wherein the high strength fibers are
HPPE fibers.



