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.

The pref er riger, drIEABlY AT to QDR | Ftd BPe, | Fef@tablye & wai§fb of itheSerogd-ilkeast 20
w % based on the tofal wejght of the coatlng? of the coating renains on

the fibors CBRINGIpA 18P0 uft TeReosan BR [iaHEIgHE! KR CoaR &P @ A1 1 ¢ he

degree of foss-linking is at

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



530% nost preferably at |east 50% The nmaxi mnum degree of cross-linking is
about 100% Preferably, the cross-Ilinkable silicone polyner conprises a

si | i cone Wolzymns4savi ng a reactive end-group. It was fowrou/EPR@/060813
cross-linking in the end-groups of the.gilicone polyner results in a good
bendi ng resi stance. A silicone polyner 10which is cross-linked at the end
groups rather than at the branches in the repeating unit results in a | ess
rigid coating. Wthout being limted thereto, the inventors attribute the
i mproved propertles of the rope to the less rigid structure of the coating.
Pr ef er abl y ¢ eréractabies-qan b3l @lade- group is an al kyl ene end group, nore

preferably a C2-C6 al kWh@Qﬁef@HQd Gég?rlééof &rﬂs@ﬁrﬁkﬁrﬁg}hkﬂa@fea"st"@"x@ﬂ% gf et Jdos a
vi nyl group 15or a hexenyl ener al vinyl group is_ preferred.

Pr ef er abl y,Wt%hQaﬁﬁdd%rbthPItﬁﬁla}’bq"@htsqf Itriec‘@@@”%d?f)tyj'f?e‘f’oaﬁﬁ% rerping g Mg fipers or
CH2=CH (Si G@@éf?e‘r@)(ﬁa(ﬁ'dﬁwa(tﬂé s&W&{tWBrerbrb\%rébly‘!H%@réer&mo%sillﬁklfn)é’% at

preferablyfromlOto pref erab from20 to 50. 20Preferably, the
coating cor?@ésmqsbﬁref%??'hﬁ 'eé‘ﬁrﬁoﬂ rﬁ‘ed“@?'ﬁ%@ JE9FfERT. Croﬁ?é'”lﬁ'r“eéssa@qqt]ker
preferably 1pasg. the formula: Si (CHB)3 0 (S| CH3H-O)m Si(CH3)3(2) wherein m
is a nunber nis a nunber from2 to preferably from10 to 100, nore
preferably from 20 to Steferadhy ergrra%ﬁ ly‘ka¥"ﬁé'|@8'é‘i Pﬂémébmlsﬁﬁérﬁ”ﬁﬁ'ﬁ? her

conpri ses golficrhafing alrysdtivé 8hd-GrRpSs it WaBkb i thhes &o8sfdindikald engi | i cone

polymer, the metal catalyst preferably being a platinum palladium or
rhodi um nSFRPSREENS HiRepe BP':Xf”ieh[ﬁ?PH%t”aﬁ IRBRANINIT R iIBIPPSY: A sfifoRe PAAIY st s

are knapn t@idhhg cedsklihrel Rahs efd ané, it thran AthBe BRAChEDINGRERYShiAPMt S a
mul ti - conmponent silicone 30 SW em conpri mqr;g]@a first emul sion conprising

the cross- IFHIKEH & less rigkidioatingWithout beipo timied eEdo. the kyenighvptiibyiecthad

enul si on coproved Bﬂ)pbhi%s‘éf%frobé Mﬁ@'le%sf‘rigw SRRRIro el MERbatyd the netal
catal yst. Pref erab %ﬁpt e weight ratio between the first

enul si on and the second &RIALY: 18 Gressrii '3&9&9@%'3?”@&‘3’%&” Y40,
pref erabl y di0 prefé@bid/0C 20, alRPERe S8PHBUST IR attichRPthe drdl k8% B2 vinyl group

15  or a hexenyl group. In general, a vinyl group is preferred.

Preferably, the cross-linkable silicone polymer has the formula:

CH,=CH-(Si(CH3),-O),-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.



WO 2011/ 015485PCT/ EP2010/ 060813 5 - The coating
conpositions as descri bed above are known in the art. They are often
referred wo 2a61/|@6485t i on-curing silicone coatings or coaPCm@EPemiosisohs. The
cross-linking or curing takes place whefi_the vinyl end groups react with
the SiH group of the cross-linker. 5Exanples of such coatings are
Dehesive(r) 430 (cross-linker) and Dehesive(r) 440 (catal yst) from Wacker
Silicones; Silcolease(r) Emulsion 912 and Sil col ease(r) catalyst 913 from
Bl uestar Sil i cones; and Syl-off (r) 7950 Enul sji on Coati n and I-off (r)
7922 Catal yst Emul si on ThEGRRTRSFAHASItIRES a%dﬁiﬁr@ﬁ@?b@(fvﬁﬁt agwn &t the

i nvention 'T$1e§/ Bt oftdEefe@a%0 hi @H&ﬁorﬁburﬁr@%%oﬂ@@@ﬁm@@oHé(%im@%nﬂ:lé?@r{sr' er for
ot her functional additives. Thus the invention also relates to a fibe

coat ed wit Hh§ ckqssdigking ﬁké@f'@tﬁk%?técep‘ﬁh%@ie VEWheNthgrounheaast with e %’datl ng
further corfaigwst ticradéliitdeye, sel ected from col orants, anti-oxidants and
antifouling agents. uch additives are known in the art.

Exanpl e8 of antifoul i n§*agelss of &‘E?é‘r@af“ﬂﬁs Fradiehgeie@dpp ésrosmiinkepner

conpl exes, D@b@be@)‘lﬂb ‘(&Ht&?&?fr&ﬁ%&&ép@m@é@sCleé@% Emulsion 912 and
Wt hin the cont ext of resent invention, fibers are understood to nean

el ongat ed apleases thﬁ'&i@f% ifiog BlyggienSuisrnagi an P ® 787 hEmsisian nuch

greater thapawhglhhg sptcbftcbvgh@@%ﬁalys’fhﬁmts@fméml%t,v 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%@&'?@T‘HF? Cr‘i"f"n%"rtkéfjrﬁ“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 pBUF‘eéP%%'”SnWt‘Wé'”rF{]? £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,bou,t,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 strength fibers for use in the inventjon fibers are neant
35havi ng a fanyigihgnddnickpesse biag teimé'bRVtthé%”CWP%atﬁ?%TO@taglﬂ”& apulfigggent o,

2.5 or 2eveRan, alr®B6h, 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



WO 2011/ 015485PCT/ EP2010/ 060813 6 - 3.0 Ntex. Tensile strength, also
sinply strength, or tenacity of filanments are determ ned by known net hods,
as based w0 208T¥G482256- 97. General | y such hi gh- strengt hPpoiEpa®0iocosis | ament s
al so have a high tensile nodulus, e.g..@t least 50 Ntex, preferably at

| east 75, 100 or even at |east 125 N tex. 5Exanples of such fibers are high
performance pol yethylene (HPPE) fibers, fibers manufactured from

pol yaram des, e.g. poly(p-phenyl ene terephthal am de) (known as Keyler());
pol y(tetrafl uoroethyl ene) (PTFE); aromatic co

ol id
Cco. pol y(pa%roawﬁ@hmeame/ssrenéthoﬁgsaﬁmfémtrw (OB REHONEl Tha ety Fredaterarnass

Technor a0) jpy known methods as based on ASTM D2256-97. Generally such hlgh -strength
pol y{2, 6-di i m dazo- [ 4, 5b- 4 yridinyl ene- édroxy) phenyl enel

(known as P@Wmﬂ'cﬁ@lniﬁ(f‘fﬁﬂﬁ%h?\r%%g'gﬁ ter@'ﬁ@}%bﬁswa%td%w iy RrRiGEREHY

Zyl on0) ; 1t hergaBi 7HR0E of belH &t I6dsy $paNBR! ymers (LCP) as known frome g US
4,384,016; but al so polyolefins other than polyethylene e. g Hﬁ$olyners
lyhyen

and copél yners of pol yprapyplessé su ikere aiediigapsrinigiapee pe Rt ur ed

fromthe algyq f t%‘r@HaﬂQfaBQﬂré/(m%rﬁ pBRArPRdeLs %q] ipBly &&é@%e@ére&hﬂal‘aﬁl‘{dﬁ?t I on.
Preferred hi gh- strength fi bers however are fibers of aram des

or LCP. Modfoyeasefevds .H?Mtstraﬂl@r?ﬁtgﬂe@@r(%F%ﬁwwC;Qewmwéirﬁéoippppa
fibers. HPR Earébmfyl%néfsm%ﬁf&bﬁbn‘ﬂéﬂ@ﬁé@?ﬂﬂalﬁﬁn&é@) (kh&farﬁ 8s ﬂ“@&%ofré@fn ul tra-high

nol ar mass poI yl ene so_cal l ed tra-h ecul ar wei g
pol yet hyl e®&y{ %ﬁMHPE’)aZO' o-Ha¥ IRy Y Rneat A40- gﬁyﬁ@XYEa%@y'qn%(krﬁWéf%r ably at
| east 200, vy &Iﬂbqfh@hﬂbﬂmé@% bb%ﬁko%%le‘? (PBO?%Bwﬂ%s'Z%/ﬁﬁ]@)&thNtﬁo%?& There

is no reason for an up limt of tenacit HPPE fi bers in the rope, but

avai |l abl e ﬁ'ﬂwéﬁﬁfﬁi}ﬁp'&@ﬁrﬁ/ﬂ-ﬁé aé#”?‘%‘é{emt%;g a{S A8t 0ABRIt alsorelvelalps ex.  The
HPPE fi ber %ttﬂir%nﬁ%ﬂ%trgléﬁegi‘gtrﬁiﬁ%doﬁln@i’gﬂh&@@p&ynﬁbrs of p@proppsie. ArsdV t ex,

preferably at |east 100 or at |east 125 Nte PPE fiI bers are al so
referred t SORRINGIiGNE efdlarsUsaBERSI¢Er IcBhBeRPRY; Efersast pplyngrs cpR beaiged in

enbodi nent ;thd Rpe Pl ikVBBS. Prafdiea hrghpﬁrea@ﬂmuéw@ovb&/ek B fideyEHtHm@PE are one
or nore nmultj-filanent yarns. HPPE fi bers, filaments and

nul ti - Pl aRelyerapides or ‘be prepared by spinning of a solution of UHMAPE in

a suitable solvent int mcgﬁbrefén%rffoewe%@vuémrrﬁ&ez:efddwrﬁuémf @PpE)during
and/or after partial or conplete renoval the solvent; that is via a

30s0-cal | edogs) HEBIEHWPWQQFBPSE%%%M@@PO%& %ﬁ'trﬁgs BIedg freB) Ylira-BIghdRORIHMAPE i s

wel I known rr‘iésstd&%/eﬁ'ﬁ/léanQs@@él%mltraﬁH@h'n%l@&ﬁé?rv@éi{ﬁﬁ pbiyethyIRBE QUSMWPE
publ i cations, inclu EP 0205960 A, EP 0213208 Al, "US 4413110, GB 2042414

A EP 020054¢ hgying Eﬁe't'?&“ﬁ? P at lggst 1@p@j¢r¢§ly-p§leg§t 2.grorerprafgiaihcaideast ver
Spi nni pg TQ@&%\@E)& 15t 3.0 N/RRKBidré®s no/eashieRd alfy {)er lilitbf R4y of | SBN

1- 855-73182- in references cited therein, 35i ncor por at ed hereln
by "ot er ondiFPE %@MW&%M@?@%&W@MWG of tenacity at most about 5 to

6 N/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.



-7 HPPE fibers, filaments and multi-filament yarn can al so
be prepared by nelt-spinning of UHWAPE, although the nmechanical properties
such as twopaeittyssse nore |limted conpared to HPPE fi bePsTmed@obyosihe

gel -spinning process. The upper limt of_the nol ecul ar wei ght of the UHW\PE
whi ch can be nelt-spun is lower than the 5limt wth the gel-spinning
process. The nelt-spinning process is widely known in the art, and invol ves
heating a PE conposition to forma PE nelt, extruding the PE nelt, cooling
the extruded nelt to obtain a solidified PE_ and drawi ng the sol i difjed PE
at |east once. The prodtd¥E fikersediamenieand mylti-ilamenyanseiesalso hpgrepared

EP1743659A¥>€/ rﬁ@!ﬂ-éﬂ%rﬁ‘rﬁ@oﬂ NS, 3itB6UJMEthE It cRYniEA s MR- sulf HE'MN%@W re

under st ood to be pol yethyl ene having an intrinsic viscosity V,
nmeasur ed orﬁ"%@l"@!tﬁ%ﬁomﬁarééé%ﬁf:ﬁ Eaftbei%ﬁé‘}?e@fthz?tgel"éﬁ'ﬁﬂ'”g PERCEES- @ﬁéﬁf’@?bbl y of

bet ween abqt o tNHoIEBuIE! Weight dlifid DBIMWIVE SBRHI dak DeSm@t-SRASY Idvdr Han@b ar
mass (also called nol ecul ar weight) that can nore easily be determ ned than

act ual Aol Mt GPIFRINIEPTIOLESS: e HIFH-SRINNTgEecess és ‘é’@@b’r@l"w@rﬁ)”\el cal

rel ations hat wmvblve@mbnwa ﬁée&hpm tb%nehté PE rh§t @ﬁﬁ@ﬁi@mte O m@R] ar mass
di stribution. Based on the equatio ﬂaee EP

0504954 Al Fogligthe §¥t“8166|'7'%it sbiain Béobﬂjftﬁq/%ﬁ eﬁmd qrewmtfeﬁ 3%1'196'69 &35 kg/ nol .

Pref er abl y jedshenddIMEBrdcesislhéifdhe®elgy Bt Ew] 2B858A 1 And BP$74388DAPNMMIEN anch
per 100 carbon atons, and preferably l'ess than one branch per 300 car bon

atons; a brREhEROEPral¢dereindietsFengai n br anch usual Iy containing at | east

10 carhgn 20atoms. The JHWEHE iBohy&tiph ense e$y|@h8ﬂév.ﬁ@awtrrh§@ to 5
nor/c, of one or nore conononers, such as al kénes J/l ene, butene,

pent ene, 4-Visepsilyl (Pe ae arrasyfedyt sakdion in decalin at 135°C) of atMﬁaséﬁ Venmrsterabivt | t he
UHMAPE contahgvedn SaB@ut'8 Q{H)Wélll P{tﬁis‘?& \ﬂ?édéltﬂs d t%§§ur9 fc%m&ér rﬁésé @fRet 0.3

per 1000 carbon atons, rel atl vely s groups 25as pendi ng side groups,
pr ef er abl y calleg m@m@iﬁwelgg@ ay carsyere aa$lv bérdeiﬁﬁ@mdéfr*ﬁfa@ﬁi% anass

combi nat i onpimdibghiks M, %Qq\h" arﬂgrecér@%gvérglsérﬁﬁlﬁ&ﬁ?elat-%g Heﬁ/\yéb‘?n I a‘ﬁHq\ﬁ group,

or too high an anmount of r{i;r oup however, negatively affects e
pr ocesddof bﬁﬁwqhg"elﬁn@étssiepﬁme ﬁﬂ§nq4@e{§?(1ﬁ$ dlfttﬁfélltlgﬂmdm*‘eth@ﬁamtg@nd‘dmfal ns

methyl or Sliwd @iy 0rRu omrgsmr%ﬁ'i@eiydlr@&vhmb pRIdEaIeAL R, dhe amount
of side groups Is nore preferably a nmost 10, 5 or

at nost 3 @é@utﬁﬁ@wgdmlbqu@@mthe UnhveE I’saImearpolypﬁqumapratfflpﬁﬁeihgmonet he
rope accor fﬂ)‘ré]ﬁ:htp%rtl@@cér%ﬁﬁfdn%n aH@}Sreff(%PéBIP%ss%’ﬂ{ M oraAEH erasmtean%n

general ly less than 5 mass% preferab ess an 3 rrass Yo of customary

addi ti ves, aiqnes adangh or-sige Qi@ﬂt e, Ch@ﬁbbr?ﬂmh waualy conieipigg 2t lsPy Hheasborf | ow
Prondt 85S, ofdrfs. TFB%nWﬁtfﬁ@éﬁebﬁa;ﬂfuﬁh@ﬂécﬁta‘?@hM 5 nﬂi B ond Ut mé}eso a

m xture of two 35or nore different poP/ hyl ene grades, e.qg. ffering in
|V or nol acormgaamgiss syqhas alkanes “VDDQIMPP@1MWWtEPQ(ﬂimPW@8m®ne@r- 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'h@ﬂ‘%)e@bo@ﬁ@abéh%ﬁébMV\é%Ep@'hté'ns,& seleantitng a | arge

di ameter e.gedbly Iae@e%rst@ Wﬂt'léas%'stpfé%@od eérbsﬁéfowo%m.w ngsﬁ%nl gh&Rt1 ons.
The di aneter 5of t rope I's neasured at the outnost circunference of the

rope. #his aisspeﬁ@aglggig aspups, preferably a C1-C4 aIkyI 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,



i rregul ar boundaries of ropes defined by the strands. Preferably, the rope
according to the invention is a heavy-duty rope having a dianeter of at

| east 30 won2ommniedspr ef erably at | east 40 mm at | east SOCEMEP2@D/0b@ast 60
mm or even at |least 70 mm Largest ropgs known have dianeters up to about
300 mm ropes used in deepwater 10installations typically have a dianeter
of up to about 130 mm The rope according to the invention
can have a cross-section that is about circular or round, but also an

obl ong cross-section, meani at the cross- section of a tensioned rope
shows a f| &fepb@e aﬁgé‘lumbéfogi%w”@ﬂ‘@ﬁ%%ﬁ'%g@Hp% he nunber of primry

strands) an al most rectiaagybscdoRling todHE thveRlicNe aGbes 8seRflly SitebBF ef er abl y
has an aspect ratio, i.e. the ratio of the larger to the smaller dianeter

(or width t§n#iag gaplicatienssuchiag bepgd ovgrnﬁ@am appligatianspArgpehayingeiaigRis t o

det erm ne t@gnaePEg atst 96 A iskiR4ble 6 dehﬁm&i@nbin@%p@%a%@rﬁ‘s TAB dRFAdTRY €
i ncl udes neasuring the outside dinensions of the rope, while keeplng t he

rope tadt, OBFhee{PP%PS ”f‘?%‘f?%/atvv“ﬁHPtﬁb)Séﬁrc&Hﬁ%@P%Ofttaﬁéo% dhisds becauspg

advant age Qledu|d?®oukddriedlofFopet AenAs theRtrhdd) PRt @bROMINEEE ab@difg tos t hat
during cyclic bending where the width direction of the cross section is

paral I'el " t ¢ heerfiontha ArrectytpreRSthaving asdiamgter of %ts'%a%l?’pé@ﬁ 'P1ef er ences

occur bet veedtetabsy aftlléé%wommtamarspmmna@dleb@tseo AR, 3pbwh #Méhst 70 Gihonal  heat
occurs, resulting in enhanced bend fatigue [ife. The cross-section

or of er abl y LAEESSHIPPSS [SaR4N Raie GRBPLeEtRto aboyt 3003, roRGSAISER T HemiAerabout

1.4 - 200. m?s‘ﬁéllétl&?ﬁl?%@élly&]arv@%%é%ét@rérrU&tb'a%BGt 30088 section, it is nore
accurate to define e_size of a round rope by the dianmeter of a round rope

of sanme mass per | engt AN@EORGRECABING IQURRINVEION Capha e Aesosseestionshal iy the

industry agpait @tligedl vEndliANBEan obbnh RicssAREHTE Rleahhg thathe cdsanet er’
nmeans an effective dianmeter in case of a rope with an obl ong cross-section.

30Pr ef er abIS§Ctiantd artepionaqldoee shows 2 flaitaned; ?lvaﬂ 196 eV eblerPRIIPY PR M coat ed

with a secenhbepstprivgary @frarfdé?bh%fmésﬁf%&éﬁgﬂﬂarlﬂﬁﬂﬂeﬂ& Babhga@ss%@tbncoatl ngs,
whi ch can be apglled to the fibers before construction o he rope or onto

the rope affeeraply has apaeeestugiede. Be sationdipe Rreerdxhemnedier damgiee (Qoat i ngs

conpri si ng wsdith |t<§3ﬁ§i?htq4ah@) i the! FEye 7 BoROt. D to 20l Mefh%abaﬁ@et@mﬁ@@tr@%bbag is
al so known, possib m xed with WD 2011/ 015485PCT/ EP2010/ 060813

silicone oF?t'O qrﬁé‘”?‘ﬁﬁép heskdpdBepoRaH AP w&'ug%m@aswatth%@uf&dez 5-35 wt %

in a dried grhaistonsMpiee Bpef ehirNey mblﬂﬂa fo‘é@@atﬁ%ﬂaﬁﬂeﬂﬁ HQ-wARdiMg Sh of the
second coati ng one enbodi nent (T] the present

i nventi on, a@H%S'Y%E@eﬁ[RLt”Héﬁ‘ Th%éﬂw’é@es%f@tmql@ulﬁr &8s seliga "\6"1*‘ 290l ymer

di fferept faspsotrhifs tHH’ﬂGﬁﬁhd Wéﬁfdf BertiYg @ﬁer@@fﬁe M/%Fth @#&:tl@ﬁ’bf’!ﬁ@rcr&élsb@%rﬁ for
maki ng a fiber, includ |n éoo ypr opyl ene, aram d . g. ones known by

the trade raRRald tode Wit eq%mféfﬂeasf@avwﬁ%ﬁre@f d'fisstﬁceﬁaf:%wémﬂe@ne

benzobi soxaFofikdrs (neth8 rofN8fd l636WBradiontdha flictRES HeAMBcRirs, £duihg®
t her notropi c poly ones known by the trade nanme of Vectran O) and

PTFE ( pol y@@p@%eplhgpgéthp@ﬁejrhe 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



10As the further synthetic fibers, PTFE fibers are preferred. The

conbi nati on of HPPE fibers and PTFE fi bers has been shown to inprove

servi ce |Iwbeopdanfssmance i n bendi ng applications such a®CEEPRI10/060813
bend- over - sheave applications, as descrgbed in e.g. W2007/062803A1. The
PTFE fibers have a tenacity that is significantly | ower than the HPPE
fibers, and do not have effective contribution to the 15static tenacity of
t he rope. Neverthel ess, the PTFE fibers preferably have a tenacity of at

| east 0.3, preferably ast 0.4 or at least 0.5 Ntex, in order to
prevent br é&'Féi)fFﬁgO'bfT hf3|r<b@r%fefﬂiﬁt?'¥ngoﬂi@ﬁ%|merf§00'ﬂﬁ QFHGIR 25T WP IFa B8% and/ or

during ropatdihég. préﬁ‘Bn%'b%/ tr% rBfe E&RSIAE 10915 i, SRREEeddnBicbatiig.t he tenacity
of PTFE fibers, but available fibers typically are of tenaC|ty of at nost

about 1 Ntex. The PTFE @rreo@weoq"ysnhcmth@pwa% InMenEPL HREIPEIUHRAt br eak t hat

i s higher tivamesRobthefic ﬁ%'?&mfab@%iﬁ olymer different from HPPECITPRSEE fib&S nfdy R_RTFE
fi bers and net hods of maki ng such F gers have been descri bed i n nunerous

publ i caPi o Yariayg Pelimey seiekisies srYing a fitgs indeding BOlYRISPYEBI KEION. AS8WH 1561,

US 6117547,¢ n&éé&m%@ﬁ%ﬁ}?r@e tr5de-FarR® by RBViar @, THHRSBI@ advdréh 88 @cpol yrrer nmade
from 25tetra | uor oet hyl éne as nmi n nononer. Preferabl , the

contai ns | dRAYRNEANERe ReNZEPisOXRRL) (e 8f @resdinpwndyshe Hﬁ?\e parge OfLEYfB'I‘ @% of ot her

MDNOMEr S, Skt oBEpiBToBYhRARs.g th'e@'kﬁb\hh bl u PRIMAnRNS: vdresa @) wak eamrepy | ene,
per fl uor opr opyI vinyl ether and the like. PTFE is generally a very high

mol ar mass %Y?W@Wor%ﬂmeﬂﬁ)gh mel ting point and high crystallinity, which

makes hp virtually i WDSA%%é)fuﬁhérOsyfﬁ&iehcﬂbé}@elﬁFE ASeraRtSprcfdrredArg® its
30solubility in solvents very limted. PTFE fibers are therefore

typically ﬁﬁ@l‘@'r@yo%ﬁt'ﬁﬁ"ﬁ ﬁ@ermq@p&ng erphasbegnshopnia HapTPye serise life

conponent s pREb@arcEeh B&{dmg"'ébpﬂl@étlvns%ﬁcfPJ?Eythb@n@o@ér%!éé@épﬁl|b5’lﬁfns aPr
exanpl e a nonofi | anent sintering-

i ke
processi ng 968€PHsd imAgy W%@Zf%g@@%% H_hﬁéf Tf ﬁé"bﬁf%m)’@tastea@c”élt'é@}é% ed

t enper at ur gfynificd ity IHivBethsn 8leeHPBE Sib&ParkRdd MotiHave l@ﬁeétmé RoRkibGi tBthdTor €
nmonof i | ament- 35or ta’}t)e i ke structures, for exanple sone tape-like

st r uct 4P es stakicdenagity At Be soRea Neverhaless\ibe FITE hessprsirrablEpovr o faneosn o -

- product. aPBE&dsh&é@rw@ﬂl@éémM\@eléé@f(o@wne&olhmémo F!ﬁ/emrtsibagng?afthe
process appl ied for making a precursor_ fiber and on ap ost retching

condi t i ons fibggssiriag hapdiing; Mg wih @Wé'her%@?%orcdawngmﬂ RRkeg-yThes stol e
product s hayscdensid igper imitbhdeltangsy of Paﬂa@ﬂber}, &ttaoal%bfe mew@plcéﬂw a

further enbodi ment of the present invent ope conpri ses a core
menber ar o@FRICWRNRAY 1Of Bb’i“@s"a%b@%? Ntered. heﬁTe':' chdﬂ%ﬁ Tfyﬁt?ﬂ%rr‘\a‘ﬁl aneiengaiPe menber

i's usebpl whBRakkthdt$s Klgsdritesh ﬂmaﬁéfHFbF%hmlsd does not collapse into an
obl ong shape and the rgpe retains its shape during use. The rope nmay

further contain ther naPF‘%Peéttﬁ?dh@frF\'?éc'bﬁfso%}dsme@Ge?lOdea*i@@@lﬂ%l f'blei'fb'é@V@
pref er abl y pebn tB&:ribed ¢ nﬂiér@u@ﬁ@&féhmt incRidig \FEMNOSUBBeY A 1S UBGB 56883, ¢ant er  of

Lhe rope us%g(l’ﬁlb}é US5OE51h561 U% 6117547 rg]r)]g UaSt gé8€603¥\” h this embodiment, the
eat
PTFE polymer is understood to be a polymer made from
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



generated and otherw se kept in the center of the rope is dissipated
especially fast along the longitudinal direction. For applications where

t he sane weaenoiiafis488e rope i s repeatedly exposed to bendiPOl/EPRH1056(833

especi al | y advant ageous. 15Preferably, qphe 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 anount of HPPE fibers in the rope since HPPE fibers
contribute nost to the strength. In enbodi nents conprising a m xture of
HPPE fi bers and other fibers such as further synthetic fibers as described
above, t he PRddCh P FEffiberreognerrily $1aye ranaineo@eitadererdieg QN theHEosaskt ure may be

at rope yarpglidieembkinglalgré&irsor fiBkr éﬁd&ﬂéﬁ)h@@%stfsftr%f@hf%n}d%% and/ or at
the final rope nmade from strands. Some enbodi nents are shown in the

fol | owi ng t®PaIENfdensiies GHEI5 ES'Ibérsr(‘@ﬁé’aé\b\ﬁ§?Wu%‘{”iaék‘?s(?m(l"{thi Ravggteoditiehdt t hese

enbodi ment shafRgh of ahdut Yt bts %/@npur pose only and do not show all possible
m xtures within the scope of t esent invention. 251 n one enbodi nent,

di ffereft types of fi bé"r%fuétrh@rP@Pﬁ‘ﬂﬂ‘eﬁh@fdh%lp?eéﬁ'ét'Q‘éﬁnﬁon ThR S FOMPAERS ar e

nmade into %tdo@é‘ﬁm%nﬂ)'éﬁaﬁdﬁﬁd%mrf%‘érsaér@ bhRgE. "I"Hb‘éohélﬁjcflbrﬂﬁrlth ‘é%ﬁmﬁrﬁbﬁmﬁef ope.
In a further enbodi nent, each ro yarn is made froma single type of

fibers, i.dsusehylivhep 'W'%H@S'?Qrthatlt © H@?&éd@wﬁtm}a@ﬁemt%@? SbloRg Saa%%@%d rope

yarn is na(ﬁee L rOBINS R @ALpd Hlfigsuseand so on. The first, second and
optionally further rope yarns are made into strands and the strands are

made into the final coﬁﬁ%é‘?&eem?bfﬁ’é‘her contain thermally condugtiyefibesy sy as

enbodi Agnt méiﬁlcfibefsoﬁ%fé/rabw i helFRFEE Thrs%t%o%é\ﬁ'l@a&\béﬂ%g%ui tiREs the depfeh
strand is nade froma single type of rope yarns. Strands each nmade from

di fferent (Offe rape Hsysdy Sagihe highrst famrsraties: Vithdhis esthodinand thepeat wo

2011/ 01548 9R(d a2 M A&k Xept ihkhe center of the rope |s dissiphted @spatidIyesst
enbodi nent, sone rope (}G{lar ns or strands are nade from one toﬁ)e of fibers and

some rope yangdhelongiy ?ﬂ!lg'r%?t@”nﬁ%f@pPPWPPWhﬁﬁe the same PRE obiherPBRISs. The

rope accor Gégthtddly EXRsENUEHEIMY, ﬁﬁ@ls@péﬁlalwaddvﬁhtﬁgg&ﬂﬁ ructions, 5including
| ai d, braided, parallel (W|th cover) Wre rEv\{)e i ke constructed ropes.

The nutber of strands PR 9wéyr61§énm/aﬁq> @fcfh%i‘rpf ihess B 70Rf Wi G tgdiferal |y at
| east 3 andotprdfesy iRhe/ rope. TRSEtrekRin éthé‘Fdd vrﬁ?%rﬂy dé\o&ﬂ%hﬁl@é amaumfofgm
r

Pﬁ\r,];(r)]{ rgzcﬁlggrggn ﬁ]aeffgagé@ggﬁ%fPaECfJfleerrseconﬁ)rrltﬁJteemost to’thé st?enrg(t)pe according to the
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.



10construction, to provide a robust and torque-bal anced rope that retains
its coherency during use. There is a variety of braid types known, each
gener al | ywoizstiimgissshed by the nmethod that formnms the ropeI/EBaéakise3
constructions include soutache braids, qqubul ar braids, and flat braids.
Tubul ar or circular braids are the nost 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. Especi aIIY if the nunber of strands is high, and/or if the
strands are rel ativel ylt#&fuithet aebedimgnha sOme4PRE YRS ﬁ%ﬁi@”ﬁs /et Made E8Me;  and
the braid rRY Rl dr@iBER dndlsBnitopdlARY of BRRRIs aT@%a@H%ﬁ{tmfor%Jré@ﬂﬁe dfh a

br ai ded rope according to the invention is 20preferably at |east 3. There
is no upperPfiSit to the nunber of strands, although in practice ropes will

general |y have no noreTh8adpe3tcdtdiR e Ine lﬁ@ér‘iﬂo‘hlﬂaﬁrde%f%th@bﬁoﬂstﬁﬁ&ioﬁ@pes of
an 8- or 12-strand braided construction. pes provi de a favourable

conbi naPi oMnd 'Q%‘ﬁ@cpﬁaiﬂegnﬂarﬁ@K‘é"t”h%V@r)E Bn%é’ﬁﬂ r‘?p&ﬂikﬁl@”s%‘@e%@ﬁeﬁe heade

econom cal lnyinfpRr bedt@hby B the SdgEh8y %6hh@%delﬁﬁ§[ﬁ% @é?ié@all GE R NEnd O the
i nvention can be of a construction wherein the |la Ieng h (the | ength of

one turn ofPrefer@PlyMdqsh 1@, tp grriyedd Asombination pf QROthf%fOHF%”C&i%@ §R8Ri%hd (t hat
is the pitgaduepaib. related to the width of a braided rope) is not
specifically critical. Suitable lay | engths and braiding periods are in the

range of from4 to 20 Free@dYhBedPemBewrding tathe invspion iaohpdraded ay | engt h

or brahdi ngoR&Ficash, H@]érdv%@tbl fobli& a@adﬁ@:ﬁ@e%@laﬂ@é&rc?@ﬂl@ath@t‘éln@ﬁls f&bﬁé}@ﬁcyﬁt rength
ef ficiency, but which is |ess raobust and nore ficult to splice. Too | ow

alay | engtC'H”'?n&1 ussr- dinarens ap@re et R lree v, @@ﬁ%@?'ﬂ%fa'iydBStWﬁéﬁhe(bP)éf erably

therefore, tﬁdﬂme{r@m trhmm tAS r&ﬁeaeditme BEsHrAetidns iRdY soutachd Drdiddres the
di aneter of the preferably 6 -10 tines the di aneter of the r ope.

In the ropé“%t‘?ﬁé’rrﬂfj%ganﬁé'aﬁ W@'anVétM'?rcPﬁ Cretdardside AP SiPSO FOPRRN Hr3idhds,

35al so ref gsirgge bgp@gncmsldmrg\éngﬁalnge@k%.stIoswme@@ﬁwahuga{ahMreqmehw@d The
skilled person can WO 2011/015485PCT/ EP2010/060813 - 12 - sel ect suitable

const r (et i §AE diffaeent|PaftemsPopsible dBf BYTPRATEPS Stranpfs ip @itehulardyeidmayvapy ai di ng

period respggdly. \Fb¥ciaBUehellupibefoPatnas &chigh kiRl Fuke SFRRIsTAPRIAtREN! T S.
In a special enbodi nent of the invention each primary strand is itself a

br ai ded roffdn: the &fufasbrajd maydaye phelew spiE: 8ne E“lﬁltﬁ?'dmaé[ PHapsedBiofdom an even
number 5of obREGRAAFY, strands, also called rope yarns, which conprise

pol ymer fibers. The , . . . 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



nunber of secondary strands is not |imted, and may for exanple range from
6 to 32; with 8 12 or 16 being preferred in view of available machinery
for maki rgo=xotlnibsai ds. The skilled man in the art can ehoaEPeowiersiype of
construction and titer of the strands.iqfp.relation to the desired final
construction and size of the rope, based on his 10know edge or with hel p of
sone cal cul ati ons or experinentation. The secondary
strands or rope yarns containing polyner fibers can be of various

constructions, again depending on the desired rope. Suitable constructions
i ncl ude tws§le§bPLFt?B'§rC§”Stﬂlﬂ'°% s Ipif & Berdadoieedyranddyigs faciar ebriding cul ar

brai d, canpRRodERPectVeiyt %h&h&t@&lér\t‘éﬁ'a‘hﬂﬁorﬁﬁ@f@@rro@r%@@ltse nentioned in US
5901632. 15The rope according to the invention can made with known

techni ques for assenbl imgsae%ﬁ@bpfimﬁ%efsb\ﬁé'?vem'%%ch Priveary §%enchig itself

conposi ti on wreiaBd 'réiiengré?ér% - ihe R8RSR drt@aNsraRR AR fFonBY ebén ARRbéed to
the fibers and be cured t orma coating conprising a cross-Iinked

silicone péf Wda'é{r%faf‘%r@btoﬁ@”?q B@Pé’aﬁ%ﬁywﬁé"hﬁﬁﬂ’é’”??}?@y@eﬂﬁ%s ™&e coating

conposi ti OMmuABEPH s%'cBﬂdeﬁy 8fands i9Kkehinfted] AhLRBE fof QREMPIRBESgERIM B t8 B2be
applied after the ro as been forned, It is of course possible to apply

the coating' &ﬂ%@fﬂgaﬁmemf%%d (Parieys 05%‘@@%P€EP°PF‘§'M feh@aking speh biaidsn

strands asseplkfdd ffafnh tHeeart &REchbRES the té/ée bﬁcoﬂé@u@.batahe tith @t thehReraf@at i ng
conposition is applied to the fibers ore the rope is constructed. The

advant age dt re[IaHiog 9 Eﬂetq%tre%mﬁge?féwgow GV @@QW‘SIHO% PASqhRN BiSat i ng

conposhpi Oknb§led§O beNREINEIP of §6mé eRBuIgRIHs' R eREEARatn. t he di ameter of the
rope. One preferred nethod of making a rope conprising high strength fibers

Comprises the steps of THBSPSATNETASIEHAE PhigPE JARSLODIAIN & BPRPRIRGES Gan

cross- | i nkalge vaiidusc@RsrRaAbisRIgainQichBAdiRg BR tii deaitel Fodel Baftsbignd/ or the rope
and subj ectlng[ t he high strength fibers and/or the rope to a tenperature of

120- 150 C tC8N§'BicHPRs iBelHEs HySiedHbersy buialkg %Ea'é%weﬁloﬁﬁ%réssllkﬁac%rﬁé dbol ynmer on
the rope amdi@rcahhe BRESitBRY sonstidtidasiare fohexamMé hieakbhdd i UE 59018301 bers

of the invention is mainly described for ropes, other uses which are known
for hidh strength fi bel8e TeReACEPEING PG inverionsashe rBada Wih kit i on. I n

particul ar té&hﬂ.qfubbﬂfr%sgaﬁblhh@ 2428 fom 5&%%@@?@%%% g@nwsmoﬁuch as a
fishing net. It has been shown that the fibers of Sinvention have a

better knotcog‘lpf'gﬂ%@??sé(Hﬂ'f?é}l%ﬂl"i%emb@ﬁr%ﬂ’aylbﬁép@“ed 'Wﬁ‘e fibers and be cured
2011/ 01548 3PfeImERZRtiAg 64 ﬂé?ng% a bss-linked silicone poTymer anﬁhﬁeﬁf {heatbarscagy al so be

woven or ot herw se assenb o create fabrics for different applications,
such as i nbednadqiple a W%Pe%?oat'ﬂﬂéomp%ﬁ'@ GAMRIiSNG; RRssnitnkabie Shewean | npr oved

processggbi |doFyYnéﬁ§‘ﬁ1%y AR DR PR Bt th @ FdpRThad bk kme@Ult istdf cbii@e YBEdISle Bet ter
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.



5processability nmeans that the yarn containing the fibers of the invention
noves snoothly through the nmachi nes used for naking the ropes and little
damage ocwOnsifwms4sie yarns where the yarns cone into comRCamP2ewobosihe
different elenents of the machine, suchzas rollers, eyes, etc. Thus, the
yarn can be nore easily braided or woven. 10Preferably, the coating
conposition is applied in two steps. In this preferred nethod, a first
enul si on conprising the cross-1linkable silicone polyner and a cross-1inker
and a second enul sion conprising the cross-1linkable silicone polyner and a
metal catalyst are mi xd8 fiPiE cABFEChEY Hentdoterwies gsearebled fppeeaten this

m xture. Theye8adr d¥br&ERERBRdatibA) sU§h hdpnemieLd. 15The di pping of the fibers
into the coating conposition nmay be done during the fiber production

process. The producti o95pQyEEdRe Bt?erﬁ REthEiiMenEon BRAYY IR ENRIPVE%ast one drawi ng

step. The gysuakiubilty RRemAaking E8pdd GHothdfahiRles! diR offihBRamS. BERS-
The nmet hod according to the invention nay also further conprise a step of

post - st Pet PFRGE§SINEY mepRmingt thearueoEnED e fvifeerwfathallwgngqrbrﬁovezﬁ

al ter nat i vehbofhiZ@edRP thé maeRihes L&A ©hnaking ik Fo@@@anésh{ﬂ@ d8fnkgé eBdungtost ep i s
preferably perfor med at el evated tenperature but below the nelting point of

the (I owesthenares HEgrerihe yABRCeMedntoreneaMifsihe-dHissent elareaisPigs ;. pref er abl y

at tenper atcBel Sudhl® o198 0etd 2fHus, REGAMACROSE mdtd &isibRfbetRP 1S
described in a.o. EP 398843 Bl or US 5901632. The present invention is

descri bed M%EPher in detail referring to 25exanpl es. Conparative Exanple A

A ropeqpavi ng a di anet erefefabl/othemBoatity &sthsdstionnadliebitPivd 4O, $n RS
produced. As HPPE fibers neema TM 75, 1760 dtex was used, delivered by

30DSM i n t IREeTRBEdBEtNedga firstRmuisinsIompsising Aha eropsrinkabisesiNeepn PR EIes ard 1760

dtex, 20 tydsssPRikeMBIELS s&ohd e'ﬁ*i%ﬁ E&n;’fr@s"r@thé%l‘@@d@kéﬂﬂé §|I|<§Hrfé r The
strand construction was 1+6 rope turns per meter Er om t he

strands a rRAp& Mas! ‘fﬂtﬂm}@é?jm'xPﬁeT?%ﬁ@e@@Héof Frlfcfttieﬁar\ﬁ/éjéppff '%W%lﬁ‘ﬂ‘“ﬂfﬁal ded

rope wth gnhbrcabthidenessitied i9hed@8ream i.e. about 7 tines the rope
di aneter. The average breaking strength of the rope was 22.5 35kN. WD

2011/ 018485PCT/ EP2010/ 0BB8IRING of dhe. fibers into the coating composition may be done
during the fiber production 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.



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 mm The rope was pl aced
under | oamioand/ayssed back and forward over the sheave eoTiHP2al0m6c0S0pe
reached failure. Each machi ne cycle pr.gduced two straight-bent-straight
bendi ng cycles of the exposed 5 rope section, the double bend zone. The
doubl e bend stroke was 30 tines the dianeter of the rope. The cycling
period was 12 seconds per machine cycle. The force applied to the rope was
30% of the average breaklng strength of the tested rope. The rope failed
after 1888 machi ne cyclT&§ bengslighpbthe rope was tested. In this testAhe EpeiwWag

conposi ti Ofbeﬂ{a&e%@d%rr&ﬂng? §iiBva hbling b diaHete SMM0RAARN THé RpedvdsSi&dddv e
silicone polyne reformul ated with a cross-linker and a second enul sion

conpri si ng Ugdes 'P’T’Q:é%CWWIk aaﬁaora/aﬁée%ﬁr theagheaye Hntiliterope reacheminidion was

an emul si O'Ea%H%dcﬂfPub%yf:lé%dQ@%%é‘t’rdi@ht%ﬂf—ﬁ'rdigrﬂ%eﬁ&ng g@e@oﬁ%gf% osed
di met hyl vi nyl -term nat ed di met hyl _si | oxane and wt % of di net hyl,

met hyl h§dr 6@%8%“%%%6&(@%6% fforter Yhe deieplehand stekearas 3hgnes thediaestend

enul si on W trno&uthel o%hr@%ﬁénbéb&a@ 1o QLEDARRVPFRAhING GeIBL Bhdord afMild &D. O
wt % of di nmet hyl vinyl -term nated di met hyl siloxane and a pl ati num cat al yst

(Syl -of f (e "F’@QZ"@&O&@ 9fstf‘eE?"rﬁ]ag?QWk'W%eFQtPﬁtr@ﬁ?@ﬁé‘PPeand t he second

emul sion were m xed at mew@é@ﬁnedgﬁérqggg n*?acﬁmla czags_dl luted with water to a
concentration 20 of 4 W% fibers, delivered by DSM

in the Netherlands as Dyneema (r) SK 75, 1760dt ex, were dipped in the
coat i nggcomRagipld Pn at room tenperature. The fibers were heated in an oven

at a tenperature of 120C so that cross linking takes place, A rope having
t he same construction zfsCQ?«E@%PPrBQ‘BF'W%‘rW%WﬁB?r&?lfR?@ %fd'ﬁé?'inh'@fﬂn RTPSFAE

produced fraauithe stiesiepolliREBkidtumtedMith HeidsSitdr aHE atechbiteerhoBRNWAS

tested according to the sane test nethod as conparative experinent A The
rope fail e§CaPt'eng 9&@'90%8?1}”?1@ iftq getal catalyst. The first emulsiqry was,an gauUlsiosn by

conparing tab@lldb%sﬂr%rﬁ@oﬂfc&ﬂm@afoﬂidwﬁg s ompl e @ﬂ@lnﬂﬁ@mﬂgﬁtelmtdé{?éd the bend
fati gue resi stance of th was significantly inproved 30by the

cross- | 5nk@d“%thy|lsé%???é‘e@(5‘5t1l QTE 0 vignpitiaeihye mekahydecdsn siloxane (SYioff ©

HPPE fi ber 5’959’E|rﬂu‘+’§6rﬁdoéﬂhg§)3h4e| s‘écérﬂﬁe%l‘s*&ﬂ@a@@ﬁerﬁ@&&s{ Iaeﬁrmle(fram Blow7 S,
1760dt ex, were dipped in i ng ition containin i cone oil

(Wacker 35&00Ng bR O- %Qtwt%gqf davethwﬁwrt@me@tsﬁ e B S IerAre NI R 1 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 streﬁﬁqth of the rope was 18248 N. 5The_bend fati gue of
the rope was tested. |hRAR aredeliygied pypPSMiadhe 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



bent over three free rolling sheaves each having a dianmeter of 50 nmm The
three sheaves were arranged in a zig-zag formation and the rope was pl aced
over the wbheaud#ssisn such a way that the rope has a bendiPog/ErPome/oaisizach of
t he sheaves. The rope was placed under. qgkead and cycl ed over the sheaves
until the rope reached failure. 10l n one machi ne cycle the sheaves were
rotated in one direction and then in the opposite direction, thus passing
the rope six tines over a shave in one nachine cycle The stroke of this
bendi ng was 45 cm The cycling period was 5 seconds per nmachi ne cycle. The
force appl i%8 MB WaRPPBIsEd [T B 9oied HIE EaflRaraddersoraikiaign st thes§ehdof t he
rope. 15TheudsQpe176y died A @k obd hdtdFRpAI BmanE s8sndsEx @B Mis%roduced. The

HPPE fi bers, delivered by DSMin the Netherlands as Dyneena (r) SK 75,
1760dt ex, ViRRECHSHIEPNWaSH 1he LeadPrjdecdbiops dithidoty R8T RIKECFIDBEFH Exanpl e
201. A rop@rdiigdreh il siateropeeisreols AN as described for Conparative
experinent B was constructed. Its bend fatigue was tested in the sane way

as Conparative exanpl e 188 PeAd fatigye of tie|rare Whs istepkButhipdestithe rapparass.

I't can be $@RMoVer tfed 8e FEd dheatds SRANRAVALIaEaRERIB 50 BnaNHe @ragpl e 2 t hat
t he bend fatigue resistance of the rope was significantly inproved by 25the

cross- | i nk&heRYEs WA TaReRd IRG 1orRiEateR BRI PIRERERNSE ! | i cone

coating. CafpaVeatih ¥echEX@BP Lt he rope has a bending zone 4 d=RASF aWhBEve. Ghanet er
of 5 mm was produced from HPPE fibers deljvered by DSMin the Netherl ands

as Dyneenn "PRe Wakplaged 4rdsnnaghand cyrlgd sueidhe sherves SRtildhe fane repsheddaiiufas 4 x

1760 dugX, |#Bnd HaBRINEeycIERichedles wEreQBlatddein She AMESoA dnaRerRghdr oduced.
The rope construction was a 12x1 strand brai ded rope with a 27 nm pitch.

The aver ag@PRPEIdegliay fuisPersing themers shdimpsovers SbAVE, InPRE Machigfycle

construct i aRewdské othis ARG Was 45 cm. The cgcling period was 5 sebBRdDSIndchiriegue of
the rope was tested in the sapne way as_ 35Conparative exanple B, The rope

failed aft&yclgaineReasianglied o the ropess¥is phths Aysmes DenestiieooEnd the 16 -
Exanmpl e 3 rope. The rope of conparative exanple C was coated with
the coating of Exanple_1 with the exception that the concentration of the
n xed éRul sion was 40%'$6IPRe iedatervivd S MAGEINGLYCIBF pped in the coating

conposition at roomtenperature. The

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.



5rope was heated in an oven at a tenperature of 120C so that cross |inking
t ook pl ace. In the bend fatigue test of conparative

exanpl e Bvoheiwwapssfail ed after 3807 machi ne cycl es. ExaopieP2ei0/0d@The rope
of conparative experinment C was coatedqgi-th a first enul sion: Silcol ease(r)
Enmul sion 912 and a second catal yst enul sion: Silcol ease(r) Emul sion

Catal yst 913 (available fromBluestar Silicones). The first and the second
enmul sion were nmixed at a weight ratio of 100:10 and diluted with water to a
concentration of 4 wt.% The procedure for applying the coating was the
sane as i nExgmelen| e 3. In the bend fatigue test of

conparative exanple B ting rpQPer Joﬂidaeﬂ.vefe&% I%Qi@a%éélb@%tﬁ)ﬂ@é &Sating of
Experinments 3 and 4 show that also en a P on a rope, the cross-Iinked

silicone c&XMRY brith e eortnn Bt tF“é§9|’I‘Qe§Rﬁ'i'P”a?f thWWéﬁﬂ”%@%Wﬁ@“"

20per f or MaRERI BHRM. AR ﬁﬁ?fé’ésQﬁ'pﬁéanﬁtr(e%ﬁlﬂﬁé é‘érh @s.@ﬁadmb&n@mpermre The
2011/ 015485PCT/ EP2010/ 060813 -17- CLA strength fi ber coated

Wi th a erodeeq Vakbepted in be?l\@”r?éla)ﬁﬂﬁpera@re ‘?ﬁézqugﬁ‘? tEQt IRKinp ek Rie%Gor di ng

to claim1, whichis anhtr@fbel%rfétfgu@&é&%f5&1&&)%&\#&/&)@%@ BiRE)opbitAr. 3. The
hi gh strength fiber according to claim2, wherein the fiber is nade of

ul trahi gh FHPE]A7draciegmciesol yet hyl ene (UHM/\PE) having an intrinsic
viscosity of at least 5 dl/g determned in decalin at 135 C. 4. The high
strength fiber according to any of the preceding clains, wherein the
10degree ofEX8M®EA | inking of the cross-linked silicone polyner is at |east

20% preferably at |eashe3§3 oomParative @Rp&irhéM @ Nad tHRéd Ak argdtng to any
of clainms 1 to 4, wherein the coating conprising the cross-linked silicone

pol ymer is eHBH%‘?%@dJC‘PJ?S‘*@ Emulsion 912 a”Q[ﬂfre}‘ﬁPﬂ@C@télyﬁtf%mf”?'ﬁ@rs”cﬁle@%%?| ng
conposi t i oMEGASTBH Cataldt 813 (Rafadid RéAHIGestar Silicones). The first and the second

emulsion were mixed at a weight ratio of 100:10 and diluted 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).



15silicone polynmer; and cross-linking the cross-linkable silicone polyner.
6. The high strength fiber according to claim5, wherein the cross-I|inkable
si |l i cone Wwol2ynmns436npri ses a silicone polymer having a ecosEpionkesos e
end-group, preferably an C2-C6 al kyl eng7yend group. 207. 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 clains 5-7,
wherein the cross-1linkable silicone polynmer has the formula:

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

Si (CH3) 30- (Si CH3HO)m - Si (CH3) 3(2) wherein mis a nunber of 2 to 200.

3010. The hilgh st AdHeft pirgnabefibesceaied iy a gosminkeASIiePnePAYRE™ 5- 9, wherein
the coating conpaskhighsticHbihider §&Mih§ﬁ§clﬁnﬂ,%mdm%%@&&ﬁma% A rope
conprising high strength frbers, preferably including E fibers, wherein
the rope is provPHBﬂ”VPPﬁ(ﬁP%ghWFﬁg conprising a cross-linked silicone
polymer. 40 2013%hQ hph8rRedihBePd&crifdbiaikd2, whebdih Beidep hadd &9 hi gh
strength fibers, Breferably |ncLud|n9 PPE fibers, wherein the strand is
provided with a &B@hgRGNRIBFHRN ish) Pelveiyieae (U RMWPE) havinghan igBinsicer . Use of

a high strength %isbsdityas aledstsdilgdednnitdd ifldatam ot 189 °¢0 for making a rope
wi th inproved bending fatigue resistance. Use of a high strength fiber

g , . . .
accordi ng tho any 188 hiahstiesdt fibgr aesording teedvir the preseding claiers, Wherait W6d of

maki ngqgoat ed hi gBgkld? BBk kiRG bSthe CRIEBNINREEIIdORE polyARS iftleastPo@pp! Yi ng a
coating composi tion comprising a cross-linkable silicone polyner to the
hi gh strength fi BEgferablyatleast 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.



b) cross-linking the silicone polynmer. A nmethod of nmaking a rope conprising
hi gh strength fibers, conprising the steps of: a) applying a coating
conposi t iwo 2001s488i Ng a cross-1inkable silicone pol ynmePCr®EPREIe/068gh
strength fibers; b) cross-linking the4gi.licone polyner; c) constructing a
rope fromthe coated fibers obtained in step b). 17. A method according to
claim15 or 16, wherein the high strength fibers are HPPE fi bers.

12. 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.



