" PROCESS FOR MANUFACTURI NG A CABLE RESI STANT TO
EXTERNAL CHEM CAL AGENTS' The present invention
WO edoatien71 0 a process for manufacturing a cabl BCT/US2004/011259
resistant to external chemichl-agents . Mre
particularly, the present invention relates to a
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protective coating layers which are also made of
polymeric materials.

It is known that, in cables installed in critical
‘environments such as, for example, o0il refineries, oil
pools, offshore installations, a major problem is given
by the permeability of said polymeric cable coating
layers to humidity and, in particular, to aggressive-
chemicals both of organic type such as, for example,
hydrocarbons and solvents, and of inorganic type such
as, for example, acids and bases. Penetration of said
elements to the interior of the cables compromise their
overall lifetime performance both in term of mechanical
properties and electrical properties.

A conventional protection against said elements is
generally achieved by applying a lead sheath. As a
result, lead sheaths are commonly found over insulated
wire conductors having, for example, paper/oil

insulation, or solid dielectric such as ethylene-



wi re conductors having, for exanple, paper /oi
insulation, or solid dielectric such as
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pol yet hyl ene insul ati on. Lead provides flexibility,
hernetic sealing capability, and is considered
relatively easy to extrude in long |lenghts . Cables of
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layer of polymeric resinous material tightly adhered to
at least one side thereof and a bond control layer of
polymeric resinous material strippably adhered to the
first adhesive layer. Plastic jacketed electric power
and communication cables utilizing such shielding tape
are also disclosed. Materials which may be used to form.
the bond control layer include polypropylene, carboxyl

modified polypropylene, polyamides, polyethylene
therephthalate, fluoro polymers, 1,4-dimethylpentene
polymers, ethylene/propylene copolymers, and

stereoregular polystyrene. Materials which may be used
to form the adhesive layer include polymers or
copolymers of ethylene modified by monomers having
reactive carboxylic acid groups. The outer plastic
jackets of such cables is said to withstand
delamination under conditions of normal use but can

easily be removed to facilitate grounding and splicing
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j ackets of such cables is said to withstand
del am nati on under conditions of normal use but can

weawshyebe renoved to facilitate groundi ng andPCT/US2004/011259

splicingprocedures as the -adhesive |ayer remains

tigthly adhered to the netal strip for protection

agai nst corrosion followi ng the renoval of the jacket.
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I r)_ sheathing system During extru n of the
}ﬁgg( ! é%@@(%‘hoa%d ggﬁm'lﬁ fng point and a

layer of adhe81ve The polymer layer is’'a polyamide, a
copolyamide, or a copolyester. The adhesive 1is a
copolymer of an olefin and at least one comonomer which
is a polymerizable, ethylenically unsaturated
carboxylic acid or acid anhydride or derivatives-
thereof or, alternatively, the adhesive comprises an
adhesive blend of the copolymer and a polyolefin.

A cable comprising a sheating system including a
longitudinally folded polyethylene coated aluminum tape
(PE/AL/PE) is known and is commercialized by Pirelli
under the trademark Drylam® sheathing system. During
extrusion of the polyethylene jacket onto said aluminum
tape, the polyethylene coating present at the
overlapping region of said longitudinally folded
aluminum tape seals together the overlapping edges

providing excellent impermeability to moisture. In
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tape, the polyethylene coating present at the
over | apping region of said longitudinally fol ded

wW@bwsitnem t ape seal s toget her the overl appi ng BPCDES2004/011259

provi di ng excellent inpernmeability to noisture. In- A

- addition, the alum numtape provides protection

agai nst electro nmagnetic interference. During the
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eddtitignpr edentalomitthen atape nomovges bondsecheon against

g%@tc&' c (ﬁ%tﬁlé 0; 4 &PQL&?&QY' 8& 1hackale gé%%f‘@si&? of

I'e go ani cal properties. Moreéover,

fébleyetﬂﬂ/llléﬁﬁé'l}ﬂa%fﬂ@t Jackeghl y thesi Rabretkyione gafPating
phegkaal Sonsugite ag1amiduandabaseonds narh fm@ﬂaDDi&aﬁhdéld

coat i | a | | ied w.t |nt1nate heS|on
b8l yé‘?‘%y épel'hl%a% riGtvVied h|€]ﬁ?y ?%:8 gt aﬁfmd
mechaganaa chpﬂbpakslesch dsortgairacar bahse andodgktbpisne
[ s r f .an Jde
BREKeR: (15, e LT PLpERERAE, ISR L “EhBhPELLe suon
ER acﬂ:stsbrazed basest-he u@@d@fladsmv@&mwﬁ@@e @pazing layer
b am i edsdref,aknt %Hﬁcl%ﬁat@daa\hééll&m %bhw}%leﬁﬁgethylene
adhesi've coating |ayer and dﬁé yam de coatlnq%7
é§CH?§cI oSt et edigdpl S .hﬁ YoaF8nt ShaBY s, rganic
ah@mec@msedsum aet msdﬁfcfaamcm/@ aaddesiInashtisn prov:Ldlng
otect g t he cabl.e fr e external Etacks of

th,
ﬁqu cRERPLa® eﬁﬁ en?nrﬁg%FF8H|aﬁ”QQFHE%%%tln
haseobsenved arhatiredgheabdaisd | am nated netal tape is

' OHQA%&M%W ﬁg% d%%sae&g}gtzﬁeegaggg&gt %gecoaﬁu ! %heath

in particu he cas said neta t ape

ardeowdr lragped natied malial ofaprneerted ol bk #bt Athylene-
BH%@' tyaiead; ¢be @o%%ll ndd eﬂéief O drfde ANty ly‘Hm:LQfe t BSatlng

cable is very high due to the fact, that the a
pR¥SEN P St ISG 1P SRrer 1507 WP Ries Hods nB?taﬁ %X/glﬁ 471
ebbeet i wa deandi ngs of nbbe awer lefifiicng vedgess Thesired in
netration is du ot h QI bondln
F& E&Pﬁgtéﬁb %?%%% gr8Wf i OR° IF@ﬁghlégeéks of both
hhmmﬁmassenﬂithhemﬂh@3|ageahd pdiry ara el cwbat ngAbryarsnt
*@?so%ﬁé@p%aq edfesn [ 8Ah AN 1 MRAEAERS  n8REY tape is
an1n

longitudinally folded around an insulated conductor, in

particular in the case the edges of said metal tape are
overlapped, the risks of penetration of both humidity
and chemical agents to the interior of the cable is
very high due to the fact that the polyamide present at
said overlapping edges does not allow an effective-
bonding of the overlapping edges. The penetration is
due to both a poor bonding of the overlapping edges and
a diffusion through the thickness of the adhesive and
polyamide coating layers 1in the overlapping edges
region. Moreover, said laminated metal tape has a
remarkable thickness which cause an increase of both
the cable weight and the cable outer diameter.

The use of the Drylam® sheathing system above
disclosed allows to avoid the presence of the polyamide
at the overlappings edges of the polyethylene coated
aluminum tape thereby improving the bonding at the
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remar kabl e t hi ckness whi ch cause an i ncrease of both
the cabl e wei ght and the cabl e outer dianmeter. The use

w@booshetsDr yl am(r) sheat hi ng syst em above di scl BPEEUS2004/011259

allows to avoid the preseneesof the polyam de at the
over | appi ngs edges of the polyethyl ene coated al um num
tape thereby inproving the bonding at theoverl appi ng
edges. However, the presence of a pol yethyl ene coating
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Applicant has observed that the extrusion of a
polyamide coating layer onto a longitudinally folded
metal tape coated with an ethylene-based adhesive
coating layer did not allow an effective coupling
between the coated metal tape and the polyamide coating
layer.

The Applicant has now found that a cable with an-
effective seal against the penetration of both humidity
and chemical agents can Dbe obtained by folding an
ethylene-based adhesive coated metal tape around the
cable insulation, with overlapping edges, and extruding
a polyamide coating layer directly around said folded
aluminum tape. In particular, the Applicant has found
that the coupling between the coated metal tape and the
polyamide layer is greatly improved by carrying out the
extrusion in certain conditions. More in particular,

the Applicant has found that the extrusion of said



10

15

20

25

30

35

W0 bas/114827 coupl i ng bet ween t he coated net al

a polyam de coating layer directly around said fol ded
al um numtape. In particular, the Applicant has found

t he polyam de |l ayer is greably inproved by carrying
out the extrusion in certain conditions. More in
particul ar, the Applicant has found that the extrusion
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pOSS
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ar nour . cabl r ct c r
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hhec£abl enasagl bSlcWRkkieNEhaY&nesisS a@erf Lexural modulus
it is possible to obtain a cable having high impact
strength, thereby making it possible to avoid the use
of said protective metal armour. A cable with a
protecting coating layer of this type has various
advantages over a comercial cable with a protective
metal armour such as, for example, easier manufacturing-
process, reduction in weight and dimensions of the
finished cable and a reduced environmental impact as
regards recycling of the cable once its working cycle
is over.

In a first aspect the present invention therefore
relates to a process for manufacturing a cable
comprising the following steps:

(a) conveying at least one conductor to an extruder
apparatus;
(b) extruding an insulating coating layer radially

external to said at least one conductor;

t aPET/H8104/011259
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wephnising the fol l owi ng steps:

In a first aspect the present invention therefore
relates to a process for manufacturing a cable
(a) conveyi ngPEI/Ub®a$011259
one conductor to an extruder; apparatus ; (b) extruding
an insulating coating layer radially external to said

at | east one conductor;(c) longitudinally folding a
netal tape around said extruded insulating coatin
{ayerongatddimpadlyt apeldioag i 1y setiedastapee aéﬁ@@gvesaid
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out e bet we 0 300:QC
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Pr efreetedl ytarai d step (c) of folding the netal tape

M@%@%iﬁe%ﬂé‘fsﬁ%ﬁp of) over | éppinggt heitedges of ssakd down
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TS LBBR b RiSse Bonll £L, Bke g 2P el
©d Domdi ng the overlapping edges of said netal tape.
nancd St et erstaPa PER sy CRRSHed bt 12"
pasperanur@r ef ebabipens 2i2d °pr eows S Wifr imese goreferably
gf‘[jﬁé‘ﬁpéeﬁt%)O@é nggl y?agca.t | east one coating |ayer
made of an expanded polyneric material in a radially

i nnePrebeTalbbn, weehdr 85Bct(C o odaif@ B thpenetal tape
ERbLrably el drepatdng varabppingPpthed ddges of said
SaLpsion, |0.00S, presell dSpcbLpLoy and. it hg (o) o
f&bAsng heheame@abe ttapen donerdsess tSectadiiat ianaeh step of
é%ﬁéﬂﬁg Pﬁémgsgrlapping edges of said metal tape.

Preferably, said metal tape bears at least one
further adhesive coating layer in a radially internal
position.

Preferably, said process comprises a further  step
of applying at least one coating layer made of an
expanded polymeric material in a radially inner
position with respect to said metal tape. Preferably,
said coating layer is applied by extrusion.

In the present description and in the subsequent
claims, the term “draw down ratio” (DDR) means the
ratio between the cross-sectional area defined between
two adjacent dies of the extruder apparatus and
defining the section for the passage of the coating
material, said area being calculated at the outlet
section of the extrusion head, and the cross-sectional
area of the effective deposited coating material.

In a second aspect, the present invention relates
to a cable comprising:

- at least one conductor;
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two adj acent dies of the extruder apparatus and
defining the section for the passage of the coating

woraioenisml7 sai d area being cal cul ated at the oRCT/E82004/011259

section of the extrusion head,-and the cross-sectional
area of the effective deposited coating material. In a
second aspect, the present invention relates to a

cabl e conprising: at |east one conductor;at |east one
i-suladt | heasoabineg iagetataimyndogsaidgatl dyeast anpend said
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adhesj_v ti I ' i Yo at.i . [

Bei na v S PR Lt EPRLLRYCHE CETLLRGA YR ac
coat ilegsitayere mahmisle, oraiad |comyilvagimathereefdetn a

et al-5lARA 102 0MeHl APPLHG: £H98S wi t BN iy, tsakdig at
net al, tape has a thickness of from0.05 nmto 1.0

mm
nor e 1Sesfter @bt y 2ANGHITCL FRREHRD. SMRE - Prifdid apoptinuous
sai d cadhasigvel Heat | Bgihgyemn hesntadthi akpBSsS0fd fadmMleast
0.01 mnta%ho'l nmm r.egprleferablyfrom0.0Z nmto
0. 08 °Ff EPEFS TIN5 A% “Ed i nuous coating | ayer has
a t hidlefessbdfy,f reai@. Aanpittudd iy Aol degr efierabl yape

r.Qm : ) According to one preferred

él %oggrﬁgf%:g?pégﬁgﬁ ec%ggyé conprises at |east one further
adhe$red egoiliyng Sadyermetipla tare drdy #nkbickBsrei e from

Wil nesPest 110 %@l d rd easkrapgL IRt &hokane.1 Sahdradt 0.5
| east one adhesivecoating Tayer being in contact with

§H-d at | east one netal tape.
Preferably, said adhesive coating layer has a

thickness of from 0.01 mm to 0.1 mm, more preferably
from 0.02 mm to 0.08 mm.

Preferably, said continuous coating layer has a
thickness of from 0.5 mm to 3.0 mm, more preferably
from 0.8 mm to 2.5 mm.

According to one preferred embodiment, said cable
comprises at least one further adhesive coating layer
in a radially inner position with respect to said at
least one metal tape, said at least one adhesive:
coating layer being in contact with said at least one
metal tape.

According to a further preferred embodiment, said
cable further comprises, in a radially inner position
with respect to said at least one metal tape, at least
one coating layer made of an expanded polymeric
material.

In the present description and in the subsequent
claims, the term "conductor" means a conductive element
as such, of elongated shape, of circular or sectorial

configuration, formed as a solid rod or as a strand of
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According to a further preferred enbodi ment, said
cable further conprises, in aradially inner position

wawndol/1143pect to said at | east one netal tape,PEL/USMag011259

one coating |ayer nmade of -am expanded pol yneric

material . In the present description and in the
subsequent clainms, the term "conductor" neans a
conductive el enent as such, of elongated shape, of
mlucal atyor ofectwited, copfriederabilyn, Magteredods & sohétal

fQ0e P18 Arstiand RIAUAL | L¥aPh WohesctRel Widthleht is
made of a nmetal materi al . Vlher e conveni ent, said
eomedt iniéhe| HEALAES (UM cBSH FANEBNCHE¥ST G196 layer

SOPRUSE Ve goabidiplalyeln SUEB assefl of exargl®icdin ¢disles
‘%ase of_.el ectrical cabl gﬁjffor dium voltage or . .
PGh PSR PERES t Pandht F&TEH 57 oPCYRSt r r BT B S 1on
amdtbe @fesenbutlesari ption and in the subsequent

cl aips, .the ot duous caati layety s

unde]F%t (1):1;615 aég%reg%\rnl?ngrgéa uni .olrér}n?ahgasu st ratr%ltei a?‘]lkilsequerft
chdimer r upthed coeriing legekinkeud | Faafengi alayver” 1is

WhEert i 98aandsi Npkhg iyt cunf areitdral dd®cté@Pstantially
extending over to the length of th}g cabl e. This neans,
YRR CeFEURBRAE | nFRAL id¥At i H§YeEyer BRER not? sh&fany?xial

doreit ueh nalargd  held calthever tappiumgesenatadi ni dijrection,

ortions. According_to qne eferr e i_ment,. sali
%’Sﬁ%‘g}%? PYfrad® o?h%ogﬁéﬁg%%‘r Og uﬁ?%u%]ggigéornf |lnsgarb%ans
dmet prigfeer cedténbodisnembat sag d liaysyl atlbag cuvdt i show any
nprj.se .east 55! ddked Foini
ie@%%%%e %%gpyldétﬁe ?E&’Eﬁe’ggr eﬁ?ﬁene/ pr%pyl (Je:ne/ %I?je%%enmg
peEPpDMngl ast oneri ¢ copol ymers, preferably from

Cr osghébkethgt hydgne doy opyherertEBR) empebymehs, . said
Alternatively, said_insulati n% %gat ILng | ayer may
k

NPT &R at S| BAdE BReCEPBEL| P UG- HBN- cr ossl i nked
pol yatedrdindasetb poloreer i prieseetied . Embbéimbhy, theaid

POLELELLD baoed pOLIILE | oLaghed T O PoLLELSfone
crosslinked ethylene/propylene (EPR) or
ethylene/propylene/diene (EPDM) elastomeric copolymers,
preferably from crosslinked ethylene/propylene (EPR)
copolymers.

Alternatively, said insulating coating layer may
comprise at least one crosslinked or non-crosslinked
polyolefin-based polymeric material. Preferably, the
polyolefin-based polymeric is selected from: -
polyolefins, copolymers of different olefing,
copolymers of an olefin with an ethylenically
unsaturated ester, polyesters, polyacetates, cellulose
polymers, polycarbonates, polysulphones, phenol resins,
urea resins, polyketones, polyacrylates, polyamides,

polyamines, or mixtures thereof. Examples of suitable

polymers are: polyethylene (PE), in particular low
density PE (LDPE), medium density PE (MDPE), high
density PE (HDPE), linear low density PE (LLDPE),

ultra-low density polyethylene (ULDPE); polypropylene
(PP); ethylene/vinyl ester copolymers, for example
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copolyners of an olefin wth an ethylenically
unsaturated ester, polyesters, polyacetates, cellul ose

w@odogirersg? pol ycar bonat es, pol ysul phones, phenpCT/US2004/011259

resins, urea resins, polyketones, polyacryl ates,
pol yam des, pol yam nes, or m xtures thereof. Exanples
of suitable polyners are: polyethylene (PE), in
particular |ow density PE (LDPE) , nedium density PE
(ek/EPE)ane/hhgbrldenshtytaEe( HDPEJVA) | i neaethylederserylate
t UL
#RBE% éne%fibpﬁpggp'ﬁ fSE!Y RANMRHYLRAS, AU DS yiate

ene/ vin ester cop oIY
f(BMAéxa teﬁﬁ/eﬁélwlvumyl@@@ta NEgRd ; ethy ene/butyl
s&byhaee/acrybﬁk¢ COPOLYRPI Sne ) @- @BéfiﬁU|arthermoplast1c
et hyl ene/ net hyl acryl ate (EMA) , ethylene /eth
SEPYI-HETFEEA) and ethyl ene /butyl acrylate ¥ %yA%tyrene,

at:hyllenetraa.el/laﬁtadlehevpri:&ﬁél C COpdIABRSHr S; resins;
ol yst t / AB
ir%eEs%X exaﬁaﬁogfe eg(rgriolrHl Fg%?ghfg?t ?3%1&3{1%;3‘ yc\a%lozflde

¢BVGD i de @D\l&)dret@@my?ur et (FERe (PUR)Olyag@l@%ﬁﬁ desaromatic
gaggegtereolsm@! s ﬁéﬂ?egﬁﬁp@ﬁé{ekwegﬂﬁhb@&%ﬁht(fPﬁth €or

| ene ter t hal at e
B8P yﬁ%?@nﬁher ESFePBF Aixtar es (FRE} eof rl“ﬁ rra‘R?]i’@lW%rs

tAsukafi; ngrcmaktagelsayereréef the cable according to
the resent.invention, ot.her. conven |onaI ongnts

B OB o tHe ABUVE Y oS6d Ao AfYRG  TOT the
mabém alax;ccmdntngas aot i mhedar@sesgmbcesmt&ows other

r S of
[EhSEnt SRa1°L AR Bncl MLy U Jdmiaolio e above
dpgclpgedeﬂgmmiﬁtxngtg@ﬁyrlaép, such as antlox1dants,

-di-t-butyl-4- hydroxyphenyl )propionate] ,
PekeRfures thereof. Processi ng ai ds which may be
addedohoehbgohasulaaiding itRingsi ad;uitmbmiefof:ortmamnmose

cal ci mstearate stegrate. s{fal

ARt uFSE (RE T ,éclcsctrc? g tooron%lfr;aru%}glr ?Lgllldl oprlpionate
entiodi npantaeaydhnetﬂlt taprakdy be hhde3 of-&l ubibwapyl-4-
ALHILRUELALL Y BroBi bR¥te], or mixtures thereof.

Processing aids which may be added to the

ikbé@é&hnbhl 2PEOPI opat & and-Rent-aeryllhiky! - bet rakksures

insulating material include, for .example, calcium
stearate, zinc stearate, stearic acid, or mixtures
thereof.

According to one preferred embodiment, said metal
tape may be made of aluminum, aluminum alloys, alloy--
clad aluminum, copper, bronze, steel, tin free steel,
tin plate steel, aluminized steel, stainless steel,
copper-clad stainless steel, terneplate steel,
galvanized steel, chrome or chrome-treated steel, lead,
magnesium, tin, or mixtures thereof. Aluminum is
preferred.

According to one preferred embodiment, the adhesive
coating layer may comprise at least one copolymer of
ethylene or propylene with at least. one comonomer
selected from ethylenically wunsaturated carboxylic

acids.
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w@oppraI46tt ad st ai nl ess steel,

clad al um num copper, bronze, steel, tin free steel,
tin plate steel, alumnized steel, stainless steel,

t ernepl at e st eel PCT/US2004/011259
gal vani zed steel, chrone erithrone- treated steel,

| ead, magnesium tin, or mxtures thereof. Alum numis
preferred. According to one preferred enbodi nent, the
adhesi ve coating |layer may conprise at |east one
copcPyaberablet hphede copopropyl @fe atilnhl exte | @asprepelene
wOERNQPEN ek ecied cfofnwﬂo%&el}ylseéné“@ééa/ HASRAtSERY BEnically

carboxyli1c _acids, Preferably, said copqglynmer of
WFRTeFREBE pFBpPPEHeIfi t RCACS e oR® cotRiRfRed, for
é}&érﬁﬁl@ﬂ ff:%metéb@bcelryr@@ié ynaa;slaigﬂ at eﬁhagarfbopwktﬁzon of

b I f
RIS s FEFOFLTEN BhernyToHet P BRaR ol She a1y
froror 1%or by oweiglef ecabl30% r b;n Meightwei ghtret opBEiebhybly
h bl of %4
e S R R S
%mt@l hQPEﬁlmﬁr yW@ﬁghlttur @tfedmc S BvdACRE . u%@‘é??@‘éed

ExWpke5i Of 21 4yl eni cal | y unsaturated car boxylic
acids, which termincl udes nDno- raLnd .po ﬁbasn c aci ds,

aci os%ﬁﬂ‘Py%W deS*3RG SFar t?hI & gy hadpgaturated
Entistsxy Whi: ¢ lacriays , bewtadviantageousigl udked honothensl npoly-

R e R

p¢ adems te aeicd dsmalwiclanhgsr ide, adwmheghwsaml ases] for

%@QOS&R}/ | ofmlt%%t @WE%Wenftli%r at ﬁr? }ilc acid,
umarate, tri pr (0] y ene yCO ITDHOITEt et her aCI d
weikageyl e hy nh%néﬁ—ﬁényl @Péhlé%c a@cgd, maleic

4 @at e takoml ¥t Uraﬂ::’!cher eh1ePref enaliaridde monomethyl
boxylic aci d conpnoner be sel ect edl%{
r?:%‘?ﬁ) fr’BW%eBhn?hylrﬁ%Jr%H%/?y urER PR R ronBImagRice
q'@t&ujabxylfmmaaralt@s anice Aot cpyahéyer | gdyclodvi ngorﬁasmtRyl
%t%(l:s ggalr)tllcar oxy Itgeracg%%&f er ea}q’q%erta{ggla ﬁ%l ety g%t'éher
atid eastleatecar boxymictagied dlenecnd tBrefgrdoly, the
é@fﬁéﬂylic acid comonomer may be selected, for example,
from o,B-ethylenically wunsaturated mono- and poly-
carboxylic acids and acid anhydrides having from 3 to 8
carbon atoms per molecule and partial esters of such
polycarboxylic acids wherein the acid moiety has at
least one carboxylic acid group and the alchol moiety
has from 1 to 20 carbon atoms. ‘

Preferably, said copolymer may consist essentially
of ethylene or propylene and one or more - ethylenically
unsaturated acid comonomers above reported or may also
contain small amount of different comonomers
copolymerizable with ethylene. Thus, the copolymer may
contain other copolymerizable comonomers including an
ester of acrylic acid. More preferably, said copolymer
is a copolymer of ethylene with acrylic or methacrylic
acid or with acrylic or methacrylic ester.

Said copolymer may be selected from block, random

or graft copolymers. Copolymers of these type may be
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has from1l to 20 carbon atons. Preferably, said
copol ynmer may consi st essentially of ethylene or

wee@sslene and one or nore ethyl enically unsat PEBRUSZN04/011259

aci d conononers above repertied-or may al so contain

smal I anmount of different conononers copol yner izable

Wi th ethylene. Thus, the copolynmer nmay contain other
copol yreri zabl e conononers i ncluding an ester of
mquairtedaca@coﬁ\@ireg ptef @x@bie;s,s&sai@@ﬁpoilyn@hei frft. For
coRYEer af cft g&)@fﬁmﬁ% m?%r Y GRApIRINAG VEL65 86k Ing

or wth acry I Cc or c ester. Said copol yner
Fay BexEerect ed f ridif bl %Ekrt%raﬁdofﬁpapm@?faft to élevated

Q@ﬁ@emﬁﬁescon@éwmgs erofnh%ﬁﬁ)dtyp% @y tbepiepar eslooec,

acc roc in th exa
LIS e&?%% Og"zc pEgpa?%(ﬂltbyaggbj ect&?rh% 3)1(: nﬁlgher
mnaswuereof mh@aiﬂartah@vmnn&nﬁﬂﬁ t etm| evateflerably from

IR B A T o 80 00 Bnerat e ot @

Hirgleeragiieedur eénitsabpry awele s 0OFYSLH pﬁef@@%%xygen
Cofifobr208,bi ko3 Aok, preferably in the

presence of free-radical initiator such _as o
pero%éwleéomﬁomo&ww A0 LIRPGTR. W Etarfbt f elogft Sne
eopvhyRr of sewyteae W £ din at dtagzabnmnalagmmmmturated
seI frome hyI aII unsat ur ed

B Sihicn Tesos B85 g e Bt e ayacaly| G0 che
ipmentomrw&ilmrchaladewavahl a&ylee corintsitial t9gmperciadly

dug e, st fehucalepe (6 fif 1%1@6'15

%%br %g&?%)6hexhrgﬁerrggngnboglnent t he pol yam de rom
&Rsg éopolyner t hereof may be sel ected, for exanple,

f rompthe reendensabi OnoﬁEaOduﬁkéf@f:réﬁ |e§1ﬁ1§>o@ﬁﬁeﬁ£ﬂ No the

aC|d sych as, for ex m nocapr oi c. aci d,
RFLYGHES A ¢ aaoam dﬁ%a’cbsc.%eleffed for
axaned ed e Eaad a:r&mccbndxrnszftnain |pastucdree dﬁczttam,eamthone
m’ll’].f()or e.X&’-l@| ?.l %na%%o%ﬁﬁ ic aci
Pauryllac am or o eas ne ‘sa Xtures o

divdmohep temoh cas, at@d exahkﬂ&mlﬂﬂ»aﬂﬁﬂdﬂfﬂéhedaaﬁﬂne 12~
gﬁﬂ?ﬁ@%@%@%&%ﬁ%‘%6¥%neornﬁﬁaﬁﬁlyi@Qstegh@mﬂH%tam, such

pam nocycl ohex
example, caprolactam, oenantholactam,

lauryllactam, or of at least one salt or mixtures of
diamines such as, for example, hexamethylenediamine,
dodecamethylene diamine, metaxylylenediamine, bis(p-
aminocyclohexyl)methane, trimethylhexamethylene, with
at least one diacid such as, for example, isophthalic:
acid, terephthalic acid, azelaic acid, suberic acid,
sebacic acid, dodecanedicarboxylic acid; or mixtures of
all these monomers which lead to copolyamides.

Specific example of polyamide or a copolymer
thereof which may be advantageously used according to
the present invention are: nylon 6, nylon 6/12, nylon
11, nylon 12, or mixtures thereof.

According to one preferred embodiment, said
polyamide or a copolymer thereof are used in blend with

at least one polyolefin.



10

15

20

25

30

35

met hane, trinmethyl hexanmet hyl ene, with at |east one
di acid such as, for exanple, isophthalic acid,

wo evospitehal i ¢ aci d, azel aic acid, suberic aci dPCHERR04/G11259

aci d, dodecanedi carboxyli€ Bgi€d; or m xtures of al

t hese nmononers which | ead to copol yam des . Specific
exanpl e of pol yam de or a copol yner thereof which may

. be advant ageously used according to the present

i nvétite onterre: hydbbvobefinyl oshenlg, @ﬁ(munﬁprsﬁQQ¢l as
ﬂé%nl gn&XﬁHﬁ?ﬁeEhgﬁﬁﬁ&rlfﬁﬁfr5ﬂgglﬁouﬁﬂgsp%ﬁ&ﬁfQﬁg for

Iment, said polyam de or copol yner thereof are
%@é@p#% b el e h aifOP@é@fle@né -Botesref i9F, THeeHerki gher
hdd ysgedd n* shoul d be understood as neanlng a pol ymer

conprising olefin unit Qr..exanp

et hyIRSHe: Hist opFae! ﬁ bﬂ en8°igp EhdPP h.&ﬁﬁh may be

ehibranl togyssu s 1ySpesefli acexariilnes ©od  pheyplrefSems: whinedntion
. be advant ageously used according to the present

I'nvention are: polyethylene pol ypropyl ene, ol yners

of adhperHy \gnd spoleprasylsafd FPBE M@I@eucrtg ethylene

opt iyanal | Yo 5 Bd £ £6s W tBaHasab%@h%@scandéqﬂ@} | op¥eishally

anhydri des_such as, for exanp anhydr i
by @HSHtiEhtBH-RpeRFAELTSLER &éerS‘P’iéfa d%%ﬂ;fies
met hacdty| @t@,, HorM ﬁx&nqsléhermielccomiwm:sd@f or by

t hyl t I duct d f i
e ST B e LRGeS PuEn el FOBarre oy ey davl
est etres;ha(qnglamenylozesttmtsulpﬁés stitereeed carboxylic
ach ds; JJﬁhﬂe)rémg@t ué@&)ﬁﬂegécﬁﬁtt%yétc RS, ohBeigroduct

elr esters

salts, elr -esters, or their
anhysliefeed (iEPmUnsdtdr abRE2EPEREAES ; CREPeFEERG| eHelds,

CoOpaineBF Ss et 89 cePtipaat | ¥sgeakt ed W)t hvungat wesdlad of
di car boxylic. acid anhydr.i des or, unsat rat ed epoxi des

st yreier@ust en&a st §FERE bl obk T tbpol trated
( SEBS)carmpiylanal | ych@s ei nkhedy salts, their esters,
their half-esters, or their anhydrides; (iv)
unsaturated epoxides; said ethylene copolymers

being optionally grafted with unsaturated
dicarboxylic acid anhydrides or unsaturated
epoxides;

~ styrene/ethylene-butylene/styrene block copolymers
(SEBS), optionally maleinized;

or blends thereof.
Preferebly, the following polyolefins may Dbe-

advantageously used:

- polyethylene;

- copolymers of ethylene with o-olefins;

- ethylene/alkyl (metha)acrylate copolymers;

- ethylene/alkyl (meth)acrylate/maleic anhydride
copolymers, the maleic anhydride being grafted or
copolymerized;

- ethylene/alkyl (meth)acrylate/glycidyl (meth) ~

acrylate copolymers, the glycidyl (meth)acrylate
being grafted or copolymerized;
- polypropylene.
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or blends thereof . Preferebly, the follow ng
pol yol efi ns may beadvant ageously used: polyethyl ene; -

weopshywser s of ethylene with a-ol efins; ethyl erer/usioky011259

1 (metha) acryl ate copol yrerlgt -et hyl ene /al kyl (et h)
acryl ate/ mal ei ¢ anhydri de copol yners, the maleic

anhydri de being grafted or copolynmerized; - ethylene
/al kyl (meth) acrylate/glycidyl (nmeth acryl ate
copol 3ftrer 9 gF9ci PG h) © g‘@ryl%?’ém?b%%%‘@ grff t edhe
%om@i&@%ézy&lemh yan@aml ene . ﬂa@r@mﬂaf 0 mrrptﬂoae case

e formatjon o ol ol .yol ef L
ef‘f%iﬁlaFLanf’ ¥°E§§g :jfer‘?“{)hegpo?yo e E:ﬁg gl gv?/uPs
CE[bI\@ fuoct tanaligabepsiabl econphbthbiliaabions w1th the

i zat [ er
elh%?éef e?a %&ﬂdldgldﬂ%pem c@ég%gﬁ% | es o?} 'Rdda
conpai@@ﬁif&@r@xmpéﬁsnﬁ%ﬁ b@orala@iamﬂab%%ww@@@@ may be

ALGPL O Do b®s 1P RERS BRLOrAY BB itdN BHE: ppob¥at NYheRation
pol ypr opyl ene,” et hyl ene- propyl ene copol yners,

ét1fy1 ene- but yl ene copol yners, all these products being
gr af t;sit @tmﬂ@uéz anhpdiidecpylghyci dykethgileaerplrapglene

N

copolymeduces; MiWen@rcﬁf/W@I bretmeéehal epphydride or
anhy Obggl % tahge fral eic .. anhydride being
or

grafte copo ymsrl zed 't he above two _copol ymers in

whi c e el ere &2 Bshhy dr(teED) @craprdedaatiets gl yerdydride

(et fa@%m@haéﬁs ethyl englei(dredhhyact§éi bedtigd grafted or
copol and, th(g’lt r salts; polyethylene,

pol y B #edt hyl ene- propyl ene copol yners, these
pol yretisy benagrginaf t edebtd/realeic anhydride copolymers,

the maleic . anhydride being grafted or
copolymerized}

- the above two copolymers in which the maleic
anhydride is replaced with glycidyl (meth)acrylate;

- ethylene/ (meth)acrylic acid copolymers and their
salts;

- polyethylene, polypropylene or ethylene-propylene
copolymers, these polymers being grafted with a
product having a site which reacts with amines,
these grafted copolymers then being condensed with
polyamides or polyamide oligomers having a single
amine end group.

Preferably, the polyamide/polyolefin blend

comprises: o

- from 55 parts by weight to 95 parts by weight of
polyamide;

- from 5 parts by weight to 45 parts by weight of
polyolefin.

The compatibilizer may be present in an amount
which is sufficient for the polyolefin to be dispersed
in the form of nodules in the polyamide. Preferably,

the compatibilizer represent up to 20% by weight of the
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wQEologamicdes or

product having a site which reacts with am nes, these
grafted copol yners then being condensed with

pol yam de ol i gomers havi ng a siPgi/852004/011259
am ne end group. Preferablyl5the pol yam de/ pol yolef in
bl end conprises: from55 parts by weight to 95 parts
by wei ght of polyanide; from5 parts by weight to 45
parts by wei ght of polyolefin. The conpatibilizer may
dvelyrlesfiim. in an anount which is sufficient for the

pol y@ef belygm@d%/gbw%n%%qnl npidveg f % QfSe nedihesekn by
the pol yam de. Preferap y the co [ zer
1?]@6}‘%5%?“ Gpet o BOYEHY ARi ghth6f H?pfgﬁéﬂ Btin. 3ffle the
@?dp@ﬂwﬂﬁwfyobpt;gﬁamngndpmﬁm ,0btay netlelys of a
endi ng t ol yani de, .t 0 in,
S TS ErPLRONG] Fy DPogEse, By Nishts Hreiing may
st andard edel oubl enthmg etxemmilequeby Thveamsl t obl éndimgscrew
e@?t}ﬂrlﬂieer caried o di’rﬁgl%%cféﬁ"@k@ru@é(r means of

twn-scr'ew extru uss, single-screw extruder. More
det Mansl detorhedi 6AEOEPBHEOPRe 2RBYFe iR ARSEEment ioned

cﬂa,e/;swidy &f i/ nphkands my ke foeund, ek example,
exa Sofzg# efgé 5,342,886. Exanpl es of
3ol rﬁao‘é?rb%l ®i ends which may b e used
acc@ExHmgld blfe m:egsanidéa nvehy o baf amd kdresmday awhabhe may

Conner |a||§ ? rqgﬂgt%mﬁggﬂﬂ:bXnEQﬁtEQHE ofa are

ga on f‘c |na A eady di'sclosed
aazt@omabltewecommeefca@ddwduwgetd'hehepp@@@@hﬁ iknast | by, the

PSLE S FSEPI AN® I8 AFiGRALi ng layer nede of an
expan polgrrerl c material . The expanded pol yneric

mat &S a¢ a3k oRpErdesst 1aste onhexpaRigbrepeme to
o Cfbﬂ@é’erb@ Sﬁi\%;&itgﬂ?rflf Ofm@t@?(arfﬂir@rifsf@n allﬁﬂ yxéﬁtf one
ins,. c mer s erent_ol efins ol yners._of.an
QSR W AT E Rty br T PP A S oSy cer a1

pol y®st er@:pamﬂ%d:apbdwatee_&c pobysulphonesy pd:mqgmtlse at
ﬂé%%é“bngrSQpéﬁééB§e 8619hé£“%ﬁ§ch may be selected, for

example, from: polyolefins, copolymers of different
olefins, copolymers of an olefin with an ethylenically
unsaturated ester, polyesters, polycarbonates,
polysulphones, phenol resins, urea resins, or mixtures
thereof. Examples of suitable polymers are:

polyethylene (PE), in particular low density PE (LDPE),

medium density PE (MDPE), high density PE (HDPE),
linear 1low density PE (LLDPE), wultra-low density-
polyethylene (ULDPE); polypropylene (PP); elastomeric
ethylene/propylene copolymers (EPR) or
ethylene/propylene/diene terpolymers (EPDM) ; natural
rubber; butyl rubber; ethylene/vinyl ester copolymers,
for example ethylene/vinyl . acetate (EVA) ;
ethylene/acrylate copolymers, in particular

ethylene/methyl acrylate (EMA), ethylene/ethyl acrylate
(EEA) and ethylene/butyl acrylate (EBA); ethylene/d-
olefin thermoplastic copolymers; polystyrene;
acrylonitrile/butadiene/styrene (ABS) resins;

halogenated polymérs, in particular polyvinyl chloride
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t hereof. Exanpl es of suitable polyners are:
pol yethylene (PE) , in particular |ow density PE

W@ LOPE)4677 medi um density PE (MDPE) , hi gh denspeyuPio4/011259

(HDPE) , linear |ow densityl&E (LLDPE), ultra-Ilow

densi typol yet hyl ene (ULDPE) ; pol ypropyl ene (PP) ;

el astoneri c et hyl ene/ propyl ene copol yners (EPR) or

et hyl ene/ propyl ene/ di ene terpolyners (EPDM ; natural
(BVBOEr; bpbylurebbene et HPURNe/ vi mpllyestciessopolayasatic

e I t

L e g‘z\%‘?*?ﬁ?%?%%a‘é?hy‘%’sﬁé i
PokYRytyheng| at eeYERRyhalatqy| ehpeé)%)t hyl 23R4yl &PUEERTS
%P§¥ESBYL8Bemi%Hﬁ¥ésa@ﬁ&f?&ﬁ (EBA) ; ethylene/ a-

in {her asti ¢ copo styr
acry?’é‘ﬁ%??ﬂ’ p ubadfe & §Pég§ﬁ18 P%\%@%é‘e?:ggﬁg&gbe selected
ﬂﬁbzﬁgegpai(lgid;cl:mlmTFrlsolymemrtprul aropolynergy| based on

i de 0 PU I :
SPRRATRS poriusto, LBLERRENEeL O Wond P NEBEEEERLY (| Sdd
¢RI dabl pobgbymgt emayt e e@ﬁfﬁ@lﬁ%@ eg X™BT) ; and
COPQBynEéépéﬁfmé¥% o) '@bﬁ&Q%%% tnftﬁofaniwéﬁﬁyxﬁﬂﬂbally

sal d expandab be sel ec
pol yol eﬂl%si‘)*élll%%?% 6?t€6pof9ﬁeﬁ§a{5‘8 @dvéﬁ‘ gl RAssREe or
and/ or prEPYl eneacdbutee pr efier ablwiichral dt]eépamiadnhmt of

B Iyl onc RFe FUEREEE A el Py (TR B oG oS8P Fbr Y
exanpl e weéhght acetcat 808r yut welabetatprefﬁr&hlysh hetaeen
oot SIOVIEEREE B oLmppially be e S0ty
mklght a@ua50@m®y19eugﬁpolyme§8ela§toﬁéhwée@@po| s at
o Font P et el e seplsamiantly o
CEPR) or S4eR1 er@qep@%a% ShePaPULE LRV BRY! | REFE) o
general | ath@yeﬂ@/lbh@pfméﬂa@mmn@onpcompDMom IHA0Mers,
ol of ghiene, 18T TOLe ol el nodibalion.
5-et hyIiBié%leQQ%ntmcticﬁngﬁe)ethylene, 10%- 65% mole of o-
olefin, 0%-10% mole of diene (for example 1,4-
hexadiene or 5-ethylidene-2-norbornene) ;

(iii) copolymers of ethylene with at least one C4-Ciz
o-olefin, preferably l-hexene or l-octene, and
optionally a diene, generally having a density
of between 0.86 g/cm® and 0.90 g/cm® and the
following composition: 75%-97% by mole of-
ethylene; 3%-25% by mole of o-olefin; 0%-5% by
mole of a diene;

~(iv) polypropylene modified with ethylene/C;3-Ciz O-
olefin copolymers, wherein the weight ratio
between polypropylene and ethylene/C3-Ciz O-
olefin copolymer is comprised between 90/10 and
10/90, preferably between 80/20 and 20/80.

For example, the commercial products Elvax®

(DuPont), Levapren® (Bayer) and Lotryl® (ELlf-Atochem)

are in class (i), products Dutral® (Enichem) or Nordel®

(Dow-DuPont) are in class (ii), products belonging to
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woepisonaity a di ene,

(iii) copolyners of ethylene with at | east one C4-Cl12
a-olefin, preferably 1-hexene or 1-octene, and

between 0.86 g/cm 3 and 0-: 907 g/ cm 3 and the foll ow ng
conposition: 75% 97% by nole of - ethylene; 3% 25% by
nmol e of a-olefin; 0%5%by nole of a diene; (iv)

pol ypropyl ene modi f i ed JMth ethylene/C3-G 2 %)I efin
‘%:]fﬁ}"o?ryﬁisiﬁs) aher ENgagee BoyhPUpPsRitd et iseart™ (Exxon),

mwr Oﬁc\(iﬁﬁﬁoﬁjﬂﬂeﬁéhyh%&%/f@%d() watd- Qeefjereorelong in

ARIBFH0) 3 Ande 50 S0 bl BV LAEEAGmNArE the

kpyamliJchamElsva&og(lren% uPoHE Fax® LéBapeai) (r)ox Bayso) Fame-
:Fi,l)) (EIf-Atochen) are in class (i) , products
‘(Enichem) or Nordel (r) (Dow DuPont) are in
cl asWslt(hM) , cpaeduct(§vel omeprigicwkdalss (Priefeared are

t@[&%ﬂﬁpﬂéét:ﬂ@é‘i%‘@&ﬂé}s OE o 2EhihE) al E&ﬁ‘%‘l}mou‘éh R rix

polypr ylene nodified with ethylene/ a-olef in
Hop@ yHBEEMOPYRSEAE CBRAEFEF al | §- Avail AR RN he and

fmn'md ]daame_s:lMaol Q@;e(a@)raquyHl ha?rﬂ.hb (&aS@ié&et?@r clﬁﬁ Slfthe
a in clas \ artl cu ar
5 9t o ChanhdP st o cF HEe el € SBMER &1 R 4o
eccmtl naoossimhkied ofERRt her nOPPLRIS! | cdpelpprerd e.gn  the
t
GEAREAERNT, 89 i "OPRE" ISl BomBEY il e
iglepsmmmatied pot yiee , thegmoptassi¢ nrar ERR1p EhpVuncured

sdda%%er seechca n tbﬁeﬁhef H@Hbﬁ%a@wm r b%osEﬂQnﬁb@St ORRH &g
pol be i ncor porat ed nopl asti c

.
Bt stjﬂg t IJPé’ urRdtdd Bt atdf aﬁ’d Wa‘gﬁ%m%qrﬂﬁ of a
aroasslliinkiedy dusgagtpr owa&senmttiwea@dl ti heof edastomeric

sui.table a unt of crosslin g
PRE atiRrel vy THe® (gl 3S %ﬁ%{?lg po 8 %ﬂgn dlsgerseddlnto
té‘@paxl”a&remmamtxmenamspemedhe nﬁgrmheft ﬁen@o;@laacgtlmes

I‘T{%’frﬂdbla&éﬂe tega@t%e&isne oParldid eEypghle@pld%%Urﬁbed

toners of t ype are described, for exanple,
f9s parample, 1042 215 BREPALEW It Woat eRE ABDI ﬁ@é@p@ﬁn

Halt 34, 4381 fldesfort hegpopbkast 180. These thermoplastic
elastomers are preferred since they proved to be
particularly effective 1in elastically absorb radial
forces during the cable thermal cycles in the whole
range of working temperatures.

For the purposes of the present description, the
term ‘“expanded” polymer 1s understood to refer to a -
polymer within the structure of which the percentage of
“void” volume (that is to say the space not occupied by
the polymer but by a gas or air) is typically greater
than 10% of the total volume of said polymer.

In general, the percentage of free space in an
expanded polymer is expressed in terms of the degree of
expansion (G). In the present-  description, the term
“degree of expansion of the polymer” is understood to
refer to the expansion of the polymer determined in the
following way:

G (degree of expansi.on) = {do/de - 1) x 100

general |y havi ng a densi tRCD1S2004/011259



el astoners are preferred since they proved to be
particularly effective in elastically absorb radia

wo orosastiedur i ng the cabl e thermal cycles in theP@iTOB®04/011259
range of working tenperatdr&8.-For the purposes of the
present description, the term "expanded"” polyner is
understood to refer to a polymer within the structure
of which the percentage of "void" volune (that is to
YhpTeheds padadifstt &5t c ipiced d5psihy pbfyneRepupopyespgaded
lelﬁné)r if(StHe}/ﬂéi Q@: ltys gé&ﬁ?t ehet &%’Itlyl"&l%@ ofrithe d Oﬁafuctf:ure
Vol u of sai ol, r. L.n general, e percent age
Wﬁégggpéée S8 té%giﬁdeérﬁglyﬁér Vglgxp§8§§@§ inan(Cli de
ipdirsatkst hechlegr eppatesk parienemi thiG medsutdé priesent the

Rkl Qn he term "degree of expansion of the
%%ﬁéﬁéga ?glghggfstood to refer to the expansion of '
t he Poeyavebdet er mheed dagree f olfl ovkxgeayonG @fegreeid

8kpe%BaRS Nyl Qg laye¥ LRAQWHSE esdOebRAlCalPSthe
the density of the non-expanded polyner (that_is to

sap9ehefpdinmer2 U t he a29PF uchore RRRERTAOLYs ™ 41y to

isee.of void volunme) and de indicates the apparent .
densj t ur.ed far the _expande olyner. Preferab
e HREP st doatRrth F ST CRPeRaqERaI s S banded
poaymagitaysatemyabe selveched iflountde r dnge ofxdmmie 20%n
Qrgggg% EQESnQrE epabl yofrom 25%to 130% More
etarls abo |

ut to the above reported expanded pol yneric
mat eb$al aktipaby f eeRdionsd e e, iteEur oI enpay

EEnSB81s831. As absgadyrRat i OBEENaROVE, cdNEGONTHELR! &

may . conpri ses a conductiye el enent coated with a
SOH CONTUEEIVE CRRTIMY | af¥PT/ SRRy Y a Purtebher
semiconductive coating layer may be presentt amitssidee the
e LU R ERgt ggfaver . Cable coating |avers
. accotdaheecnatinghd ayessn with arhiconshicieise properties
ALY AAYELYGh Yeq @ 15 MTH GUVHIGIdY wPRhY MBId Cknown art and
comprises, advantageously, a semiconductive polymeric
material. Preferably, saild polymeric material is of the
same type as that used for the coating layer with
electrical insulation properties, so as to ensure good
adhesion and hence avoid detachments that would
generate partial discharges and, ultimately,
perforation of the cable.

In the case when it is:. intended to make a-
semiconductive layer, in -general a conducting filler is
dispersed in the polymeric material, in particular
carbon black, in a quantity such as to endow said
material with semiconductive characteristics (i.e. so
as to obtain a resistivity of less than 5 Q.m at room
temperature). Said quantity is generally between 5% and
80% by weight, preferably between 10% and 50% by
weight, with respect to the total weight of the final
composition.

In addition, a cable according to the present

invention may comprise a screen, saild screen consisting



material. Preferably, said polynmeric material is of

the sane type as that used for the coating |ayer with
web@stir46cal i nsul ati on properties, so as to enBUF/ESHPOHOI1259

adhesi on and hence avoi d détSachnments that woul d

generate partial discharges and, ultimtely,

perforation of the cable. In the case when it i s .-

-. intended to_nake a sem conductive layer, in general
of copbeetrhgalily| ercansluditsiper seWirASt h®pol yReFc wound
sakenial, bR rRagidacubabugar beRe bl fgk, et wuant idoating

such as tq .endoy said material w.th sem conductive
e e R

| esFulrt@ermodle, m adtn r ealdittenper ataur ehe.  Salad iqgantliayers

i s..generally bet % % \wej ght., fe I
S Ha SO0 by et e RS Ppiilskn
inytealt iwel gty ofombhel senalc ienencodplngdileyen, with

AP RGCUH 518 LR LR DT 8368BECEIVENEHAR LRBY heRMBaF® ex
a screen, said screen consistingof electricall

redsFFES nfowides "BRtEEpeSRIN D spiERPlyY &9 ng a
Rl ; lbhs;tifc_e”ﬂnélaéﬂ_ﬂﬁli \seacﬂpaaispg ﬂoayeels;xm%iéj of@exible
oyt si.de _t i nsyl a coatin . Furthe e, in,
PRIV T THE o Ty | AYEF e RbiThed HBbvec phgne! | in
peatlievdecqr dinmgliwn t héeps esent pohyehhybeneny (MORPY i se or

. c [ it h f ti
BereBiidl COBLBSIALE, Ve arngy v o, Pegrrdoze
Rlggraetdhvedph” ) , sasdal [opt@hpr $BeRAENa MRt nopRE_t | elf-
HRE GG Al ISY BSopbefig¥aml®, mhl el Rade of a flame-

pol yvi nyl chloride (PVC) , uncrosslinked pol yet hyl ene,
Tiek AF8aEite FORR O S di U 1 4SH01 yet hyl ene (MDPE) , or
-uncressl éaked chempsilyhieer eeleapebly meforof epampye en€xom:

Al ternpati,vel.y, said outer h
sel P& ior}ﬁ i |’ngV ﬂ‘)%lé?t ioéls%%gtﬁld %Oggﬁ{%ﬁs'e ngpglymers
f| awdr evbeflans cunposethydcoorplilyi nipsaturaed esgers,

po'%gggé%%e cfed, for,exappbes, from ppabyeheli/Belyester

var ol efin copolyners, copolyners of olefins with
et hyPRlyEans uPFatlrdie® e a0 5ol yest er s,

-pol yet her saspol yeiderihApphyester filler selected, for
example, from: hydroxides, hydrated oxides, salts
or hydrated salts of metals, 1in particular of
calcium, aluminium or magnesium, such as: magnesium
hydroxide, alumina trihydrate, hydrated magnesium
carbonate, magnesium carbonate, hydrated calcium
and magnesium carbonate, calcium and magnesium -
carbonate, or mixtures thereof; and, optionally,

- at least one coupling agent selected, for example,
from: silane compounds containing at least one
ethylenic wunsaturation; epoxides containing an
ethylenic unsaturation; monocarboxylic acids or,
preferably, dicarboxylic acids having at least one
ethylenic unsaturation, or derivatives thereof, in
particular anhydrides or  esters, or mixtures
thereof.

More details about the above reported flame-

retardant composition may be found, for example, in US
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copolynmers, or mxtures thereof; at |east one
inorganic filler selected, for exanple, from

whyasoxdiedes, hydrated oxi des, salts or hydrat ePCHEE1084/011259

of metals, in particular-ofocal cium alum nium or
magnesi um such as: nmagnesi um hydroxi de, al um na
trihydrate, hydrated nagnesi um car bonate, nagnesi um
carbonat e, hydrated cal ci um and magnesi um car bonat e,
pe&koitsméand 2nadgde sindmec &A0 V0, ior Bingpeas paeeeds; EP

gadmept '8@@a'8'o>z at, ﬂl%a%@%dc ayp! N Agent o581 estednc

of exampl e, from 'sildne compounds contai ning at
APE&éFaéﬁ@neWﬁ’yloé)rﬁ?’@8&ﬁsat uration; epoxides containing

an f?hbigé@l cda@@@im alt k@M1 ngﬁgcr:]arlblqwﬂf?@@d ds ief, the
erably, dic oxylic acids_hayving at |east one
fgﬁﬁﬂ"éﬂ% Gﬁ?&fl%?gt ?%F}Wlagsde?'flv‘éﬂlﬁggs thereof, in
-parriigul ar shbyer,i das oroest exegtiorn M rhuresampeeeaff . a
e bo ba repard ed. £l a an
corpad v RbHEREy bk beie. YT L Ere pipbRatctyee
6, 162¢548ingad 6t<2195 Ong0, érnb@ﬂlllbié@an maﬁenttéleEP present
998; 44&nt893,802, 1,116,244 and in International
Pat ent fl | cation WO 00/ 39810. Furt her details_ wll
“be FlPust4 afBAWEn tHe FEPEEW IRE T PpendBd HFAWPHGs OF nd
}Mwl mbwl—’&bgtaélesh@y\éctwc Cfd)iﬂ:Slf seelf oaheanuﬁxpamlae otyge
owvol t age electric_c e o
nccBHAPROLES oo Bnvith st SPEPRATEPEecrt FRBerpTaRent
- FigveBtshows, in cross section, an exanple of a

_ OWF‘Xgl tafgesﬁg\% tri C@?L) SOfséJ\%%ﬂn p%hare}f{é( le of a

accordl ng to a urtJhe odi nment € prese

i nveadivn-velgags ﬁi@wé;rlucn @Ess eBcthen t%‘fpfé])@alhpiiﬁpe

of acHBAEYAYVAld age @laaldd CerBblemehtt NSF t HHRO! BFesent
type according to a further embodi ment of the present

i nveRVEBRiORi g. 4 shows, in perspective view, a |ength
-of Rig. 4 shows, in perspective view, a length of a

medium-voltage cable of the unipolar type with

parts removed in stages, to reveal its structure;

- Fig. 5 shows a side view of a production line
suitable to practice the process of the present
invention;

- Fig. 6 shows the relationship between the draw down
ratio (DDR) and the peeling force (PF).

Referring to Fig. ]Q a low-voltage cable of the
tripolar type 1 comprises three conductors 2, each one -
covered by an insulating coating layer 3 made, for
example, of crosslinked ethylene/propylene rubber, or
of a crosslinked or non-crosslinked polyolefin-based
polymeric material which may be selected from those
disclosed above. The insulated conductors 2 and the
three bare copper earth wires 4 are stranded together
and the interstices between the insulated conductors 2
are filled with a filler material 5 that forms a
continuous structure having a substantially cylindrical
shape. The filler material 5 is generally made of

elastomeric mixtures or polypropylene fibres, more
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medi um vol tage cable of the unipolar type with parts
renoved in stages, to reveal its structure; Fig. 5

wGebwag1475i de vi ew of a production |ine suitabP@r/Us2004/011259

practice the process of thepresent invention; Fig. 6
shows the rel ationship between the draw down ratio
(DDR) and the peeling force (PF) . Referring to Fig. 1
, a lowvoltage cable of the tripolar type 1 conprises
neferaoiductor smade eath ene fdovere¢tipydimd ndud ey il .

FRAAH&Ed AV ET SapBde, 1 T ol e, ol Crsdsd nkebn  the

et hyl ene /prggyl ene rubber, or of, a crossli nked or
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aa mﬁnmﬂ@wc 6 mieeda-iefl ,an pgiaieed ypometErint density

mit %rt'h le e sel ect efll (f) g]those d| cl osefgame_
Y3 r?e? aI X‘%Pé’ t11 34hedt ve ayer ,

r;ﬂt@fre:}aahi ycarqpadsummnwhaple oeat é);sb wi¢ heaneddifiesinvdhose

didElL LMY an et hyl ene/ acryl ate copol yner, a
conti nuous coating | ayer 8 conpri si ng at | east one

pol V&R 1619 ateopdtgmer .t her é6F - begbge of the
uRG A ew,_eéthoefcdrﬁpﬂ@éw, a ameeeue& cshastidudeomde, ofan

58 Iastlc mat er fera d| um.densi.ty
"{j‘@ttﬁxff en Ut prbqujrf?’XfFrch orrf“'i’j e’ or 8F gsxample,  of

‘ cMowﬂmﬂmdjanteu}mﬁmmﬂpmpyMer@ naylbh:earsel ectred fafom a

q{ Qiose Jﬁbov 'O R%&%%Eﬁﬁ%k%% Flgpo% of%fln based
OW- VO

age cable of e uni polar type rises
pedvaldnic condestied 2whigh imesul Bej n@eb@%\tﬁﬁg Bgrer tfklose

ddacdd X3P) ea ebating layer 6 made of an expanded
polymeric material which may be selected from those
disclosed above, a metal tape coated with an adhesive
layer 7, preferably an aluminum tape coated with an
adhesive layer comprising an ethylene/acrylate
copolymer, a continuous coating layer 8 comprising at
least one polvamide or a copolymer thereof, preferably
a polyamide/polyolefin blend, an outer sheath 9 made of
a thermoplastic material, preferably of medium density
polyethylene or of a flame-retardant composition which
may be selected from those disclosed above.

Referring to Fig. 3, a medium-voltage cable of the
tripolar type la comprises the same elements of cable 1
of Fig. 1 which are indicated with the same reference
numbers of Fig. 1, with the difference that around the
conductor 2 are present, from the interior to the
exterior: an internal semiconductive coating layer 3a,

an insulating coating layer 3, an external



crosslinked et hyl ene/ propyl ene rubber, or of a

crosslinked or non-crosslinked pol yol ef in-based
weoiogiretsit materi al which may be sel ected fronmP@oS®04/011259

di scl osed above, a coating 3ayer 6 nmade of an expanded

pol ynmeric material which may be selected fromthose

di scl osed above, a netal tape coated with an adhesive

| ayer 7 , preferably an_al um numtape coated with an
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cable 1 of Fig.. 1 which arelndlcated wi th the sane
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1 c t a Creen

Con ngLabl ¥eonsiGi; 'Jb%d%f SR 8oy ypund 'e%Cti Cah' %

ucting wres or apes arran
It ergrileETRA L ot sfd b atding eﬂ@féfrl?élllﬁ‘(ef EONNG tigg

Wizks 4 or a tRRAIsUMo¥Akt §19§r§§ﬂ/e Qirﬁeil@gékﬂ" F&}cﬁfnd YR&e
in order fromthe centre o

%gtrﬁg%}r%prl Ses, %590\/\@
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Cross ked eth L ene _/pro e e 0
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ﬁomrqyntdm@e n@iecl<a$e<§eale«zved &roetahdse drapel @Qaded with
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screen 3c, generally €onsisting, of electricall

WidHHURR | AGDRSEEE Vel ORI 2P AR |ethYalﬁn§d@€dfylate
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1888 5 10 preferably made of BOLYeRLe theleSat AL BN
a polyamlde/polyolefln blend, an outer sheath 9 made of
a thermoplastic material, preferably medium density
polyethylene or polyvinyl chloride, or of a £flame-
retardant composition which may be selected from those
disclosed above.

The internal and external semiconductive coating
layers 3a,3b of Fig. 3 and Fig. 4 may be made as
reported above, preferably from a composition
comprising a polymeric material of the same type as
that used for the insulating coating layer and carbon
black.

Referring to Fig. 5, a production line for
manufacturing a cable according to the present
invention is shown in a schematic form.

The mains steps characterizing the aforesaid

process are described herein below with reference to
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an expanded polyneric material 6 which may be sel ected
fromthose disclosed above, a netallic tape coated

wowdk/1aw7adhesi ve |ayer 7, preferably an al um PCmUSZP€011259

coated with an adhesive |ayel conprising an
et hyl ene/ acryl ate copol yner, a conti nuous coati ng
| ayer 8 conprising at |east one polyan de or a

opol yner .t heye .preferably_a.p Iy de/pol Iefln
Brendtoant BubBF CBhikt RooTREHESE 5O RaFopl 48PLE OF the
ymteelat , tpref dealgl.y afedim:wtuenmog@ﬁye‘tﬂwl eneopr Fig.

pIyV|nyI chloride, or of a flameretardant conposition

whi ch may be sel ected from those disclosed above., The
i nt #feed  smecdicrddly sefieonductPRECEBREENG | &FBeRatic

Bew 3 0f fidcedsang Fige #omy be made as reported
above, gelfqgrabli fro a conmpgsition co
I

ol yibr PCREFPPl TR Cang typeiRESTRay Hiedy # ofesd
ﬂdsml [ 218uIaabbmgmgatuonguiyay}auomdteehﬂnmudal agkd conveyed

aﬁ*%cﬁé n@héoe;@.:xgus 1'1 ﬁ‘eQ&og Cghogxk:kﬂgegfoggﬁ?ratus 23,

acturln a Ca eaccor ngtot
bmvzéhnq:l@nanslsﬁnmtmg aceghenst LeYeor m l$h@xﬁrﬁpd§d over

ﬁ{djpéoﬁﬁé&%ke@ Z'fkgrtgﬁaﬁl PEesR R ALRSS §;t5 aratus of
described herein below with reference to- e case

Ghe WG i §YRR- required to make a cable of the
uni EErafert yedee 1,8, gth@s contheterc| psets Fifad 2 torobigh. a

4 ).. M f Fi t hemat i
(i BB RRoSH o S0 O ST b Shofdac BPed
X | shenwaemdiotem,a heedregelir2@ aocoratisngrd o aanyegular

%Q%kolf an eg#?udler ap a\éﬁ‘%/ %@qﬁ%\%ﬁgﬁegafua on

i nsWiaigrl koat Fag lfay@aré ﬁ@e@ﬁt ddioveendyetor 2 is
RG] 0 2, i/ REnexand! & sy exymuder &@g&%&i&? Qhn tBRe
screw type . Convenientl he .conduct or
IO | SORETY oy CRERt 2R A ovile HSoRORBRPERT
cfmhestp@e,d oh the asnducidHr caldber equibieehbt@ienslr eadd so
guﬁ“or example, for a low-voltage cable, the forward
speed of the conductor is typically between 15 m/min
and 1500 m/min while, for a medium-voltage cable, it is
typically between 2 m/min and 30 m/min.

The extruder apparatus 23 is suitable to extrude
the insulating coating layer 3 (in the case in which
the semicondutive coating layers are present, two
further extruder apparatus may be present, which may be .
arranged in succession, each with its own extrusion
head or, preferably, they are all connected to a common
triple extrusion head to obtain the coextrusion of said
three layers).

The extruded insulating <coating 1layer 3 is
subjected to a cooling step which is carried out in a
cooling section 26 which may consist of an elongated
open duct or channel along which a cooling fluid is
caused to flow. Water is a preferred example of such a
cooling fluid. The lenght of such cooling section, as

well as the nature, temperature and flow rate of the
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extrusion of the insulating coating |ayer 3 .
Tipically, the forward speed of the conductor 2 is

wheirdeern70. 2 mmin and 1500 mfm n, dependi ng oOPCT/0I82004/011259

i nsul ating coating |ayer -t hiéckness, on the conductor

di aneter, on the type of cable to be produced, and so
on. For exanple, for a lowvoltage cable, the forward
speed of the conductor is typically between 15 nfmn
caod D800 filfuiich whide, defremnimsfl unfwvol pageiéabl a8, iffinal

t'e tp@f%t‘?ﬁjel YeRELUEED ZJ¥ Nife aRd3QHSAN. sEEﬁs of the

er apparatus 23 is suitable to extrude the
Rﬂ%ﬁﬁ%ﬁlng coating layer 3 (in the case in which the

semAcgr&Litérve CoOGtE | ngeﬂaﬁagéﬁt@de ﬂh&;@ﬁtﬁ tmbf wnkirer be
extruder aratus nm e rese IC A e
CAIVERGER Y SR, BEER wi PR | FR L 1 fRFGn B
slmmécpwentprea‘aﬁﬂhiry, tdeeyd arde gt d@ame@t edffecaive to
G HEAEN 14 LN @dleﬁﬁo ﬂjhgan L CQEXBM%%y

ree ayers I NsSu tlng
ocroatatrﬁgxf | @ny@pletss pabfécudariy ancosisegSeckprapichals

thntardied Ut pd Lo &g Section 20e WhbGBrHRY cable.
consi st of an elongated open duct or channel along

DRAITOFMEESol ing fluid is caused to flow Water is a
pr efrele eth SxXBApdE @fab$é0h:oa1cﬁ‘1@§ﬂdm929| disd. tHée kenglled

f h I t t t
Do FET GHPS PER ARSI BRELIIF A Trui d. ar e

det @nmianeprébepredi debadimant, tehpeﬁamxhxp@nnqabUEitOBO
1n|2:%.u%é% gu%r&m%&e% ?h&gﬁ REQCERStal Ag erbé@:@}.ng on

esented I'n be conveniently inserted
1msu cﬁxtxezrr@aﬂar |ﬁ'ﬁgll}f¥€t &4#@%@@@%‘?35%% Feptiagi daver

7dr 1|§r f%qlfdlr& Siéﬁgéwleséolhego@ tam{a@l Sf@fmlt @? as to
CcOool 1 ul SucC r wat er eLs,

syafrrtqva% dmsy W\S%“ee‘iﬁf#qr% FSEQTr n2 3 £dnge there
tielogient ahdt ad héoomersld Eahgﬁtuﬂn‘en&ﬁ)ﬂ_yan@ﬁdémemetal

i_nsul a ed cable yucto th 0 t,Q, t
SRRl 2pee 55p|?ca§%&ﬁ se%%g §4450. %P%ian%gé erﬁga tose
skﬁﬂimdnmn ‘thehexdppl i cation unit 30

Alternatively, the metal tape 7 may bear an
adhesive coating layer both in its externally and in
its internally facing surface. Conveniently, in the
case in which the adhesive coating layer is present
only on the 'externally facing surface of the metal
tape, a suitable sealing and bonding agent may be
supplied at the overlapping area of the edges of the -
metal tape by means of a glue applicator (not
represented in Fig. 1). Said sealing and bonding agent
is preferably selected from hot melt adhesives, more
preferably from thermoplastic polymer adhesives such
as, for example, polyamides, polyesters, polyethylene
vinyl acetate, polyolefins, or mixtures thereof. Hot
melt adhesive of this type are disclosed, for example,
in US patent 5,281,757.

Usually, the metal tape 7 bearing the adhesive
coating layer is commercially available. Alternatively,

the metal tape may be coated with the adhesive coating



10

15

20

25

30

35

includes a fornmer by which the netal tape bearing on
its externally facing surface an adhesive coating

wo aywsen14671 s fol ded | engthwi se into a tubul ar fRPECHUSHOAB11259

to surround the insul ated cable conductor, advancing
there through, and to formthe longitudinally fol ded
netal tape. Forners of this type are well known by
those skilled in the art. Alternatively, the netal

lteaper 7ina§zibeariuar|in@dhﬂrsé vealslbat pagdhageenboolr iaffitlsine

8t BERALIN AN, N chLs JURS NBLLYALRERAD SH{ACeLy means

eni en e case in esi've
doatfiorg ¢>a%t@l¢/s @r%%bﬁfnd@fﬂryg arrdeatex® ernal |y faci

ng

surfacecpé thgematalywh ape, aacébl'ttlﬁ | g 8234 | Homand of an

bondlng agent may be supplied e over | appi ng

FPIHES d FOd Yo Tiife W@FS ipdpe bﬁ%@ﬁ?ssflta gfu urther
eaap}ucr@t op3&ndts r epeaseat epsicirebing. frdon thaiabrsaald tign

bond g_ag IS referabl el df m_haqt_-nelt
%8 ﬁg 3@6 &b § y AR om C? e‘?ﬁrr%% 43 8 ﬁtelevant
cmﬁﬂ&srr v@§asucttp asppflor E&anpb@an@@dyammmerlc materlal

ﬂgagllyl el fe e% Lyethyl f" nﬂéf@fét ahe. H@A% l@ég;@s,v

ures thereo nmel't adhesive of this ty

is

aaml:cﬁc%u o%]é'{?rffétﬁfl‘éﬁ(]dxh'pl €he n nyegesientes, e 75>Fesent
lf'ﬁ;@{d%nt hgayet ghelage 7pbeankinggt he a@laeﬁleve 1@'£biﬁla’tgad
(_Tﬂé%/er is co rc:laII avallable éAIternat }/1 ded

ewﬁs 5e E% FERIwilel Sthed aBRES: eXpan e
mqhm«engalcayxeatemhn nede&esrcgrﬂldmi cladf @r@r odndlt iaditemards

Fcldbe LhProd M Lucolnlhe cabhe produsiion ol gnt,

a ca iNg apparat u

el eztser | veehi chulase@aenhgyl ber seowade igisudmted cable
&xpandest- polymep, FEaEﬁE@r'ﬂl 6 iy Presentned fekbher tape

extruder 23a is |ocated upstreamfromthe applicatio
R B 0FetHOet@ tape, together with a releva

coolzxrtedba, tHeod armaiaa t heypex padad qealiysrer ilﬁll@t e3¢ ,al

n
nt
the-

LA NP ) P! S G LBy

ﬁdimmﬁl oetedy taoeudes pcodueyed acabl efum’shldaat etktruder

Sductor whtha caating, | ayer 16 pde ofaahg§xpapded

then to a cooler 26b.

and

The insulated conductor with the longitudinally

folded metal tape and the extruded continuous coating

layer 33, leaving the extruder apparatus 32 and

cooler 26b, is then finished by passing it through

the
the

external protective sheath extrusion section 34, which-*

includes an oversheath extruder 35 and its cooler 26c,

obtaining a finished cable.
Furthermore, in Fig. 5 is shown a system 27

for

multiple passage of the cable in cooling channel 26c,

this system consisting, for example, of a storage unit

for the production 1line capable of guaranteeing

an

accumulation of cable on a scale sufficient to ensure a

forward speed of the cable that is constant and equal

to the preset value.
Finally, downstream from this cooling stage,

cable is preferably dried by means of air blowers

the

(not
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pol yneric material as described before, and afterwards
storing the so obtained cable conductor onto a

w@eiosactedT reel ; subsequently the stored i nsul BEBEUS2004/011259

cabl e conductor so obtainedds-fed to the netal tape
application section 30. After the netal tape
application unit 30, th e insul ated conductor covered
with the longitudinally fol ded netal tape is conveyed
representédr iexFiaded ) appat athen 390uRgd 8ppPy 8a collector

£0B1 | PHIOKS] CORME NG | AYSF oAk thesato a cool er 26b. The
i nsul at ed conductor with the | on%i tudi nal ly fol

ded
met aft BRR GRES t WeSERt FRBcHSE8nCrAGSHS BEAErAGl dFert @
BBostBavkagl é heyeyd,r uder cappal ahksn3d?2 apdrabeomoaler be

26b,.i.s.then finished b assi ng. .t rqQu
Ry & et p?’%ti‘%rct i V& sﬁe%ﬁﬁ%’aéi‘i r guzes}?t.‘or ﬁ} sts}Leogi ?25' nga%%s wiiesye
repoctedes Smidovershedihkengr s rasiandmays keologrried
, Lni fini ) thernore, in Fig.
%@{I;'S gﬁ%\?\%ﬁ%%%t eér#Z%E%}&?n%}?iH:ﬂébassage of the °
cabl Ef i i ceabileg eharmiel tirlay hityrsyst@nBecondfstithg, the
éﬂél%%@&pltﬁgﬁflata?@rﬁgé.UrE)t far t%c_heb@zr ?_sid@al:l@@dl i ne
capabl e of guaranteei ng an accunul ati on of cahl e,
SohRactors | Danihe coengnel ASRbiney o encoyirt nalh the
ﬁ@béﬁ;lﬁh agirﬂsﬁleaﬁ&ha;uaﬁtdhequalayem hequeesEingvatae.the
Fi na , downstrea om t hj ol i t
PeOStet L Aast i hERo el R L Rbd 98| o81808 (bR
dnet regpasenebd iWolEId. &) midvdn wReld ontlhen, the
§OL1 g¢ (”ndﬁﬁ?x'zgfangnéﬁmgtée A-Sh@LEYSr 8! edre | iRBIded

case ere e used coating materjal I1s of a

ergeEhenkane tSpRked crigss| itkifig idter Mt iy e and

@&Byégﬁén@is;v elsugpd ile@l evanttirxt eusirQest agRs aBoveo the .
re O{ted; ai d ir,ossl.i nki n% Ofer at3i on -may t-fhlg c%rorli ed .
Baralf GrPRs aABPE I CBRI At ERat S | idve. TPF at tRbI VIR
pobtéepsl atepgpev{icly. wadli rbe heaenckdseditFi gs Himmd osed
FigVeS ) is to be produced, the conductors (in the

¥V Fed nunber) are covered with the rel evant

i nsubbthowch apbe presepér Jeruoilii tBaihey focuses on

cables for the transmission and/or distribution of
low-, medium- or high-voltage electric power, cables of
different types such as, for example, control cables,
signalling cables, instrumentation cables, copper data
cables, cables for telecommunications, or even mixed
power/telecommunication cables, may be made according
to the present invention.

The present invention is further described in the
following examples, which are merely for illustration
and must not be regarded in any way as limiting the
invention.

EXAMPLE 1
Cable production

A medium-voltage cable of the tripolar type was
prepared according to the construction scheme given in
Fig. 3.

Each of the three cores possessed by said cable

consisted of a copper conductor (of cross section equal
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process descri bed before and the insul ated conductors
are separately wound on relevant reels. Then, the

walewsned7nunber of insul ated conductors are stPEITRZHO4/011259

toget her and coated with-ailder material 5 and
subsequently supplied to the extruder 23a or to the
nmetal tape application section 30 for the foll ow ng

process steps which will be carried out as discl osed
tbov20 . A} hoaghedhenpithse mxtgardamtl ige gl BHpya 0.8 mm

fipcusesnepraabl eferlifodif dikRNSEbSS1.20 aRYLR, a 5.5 mm
| ow-, nedi um_ or high-vol qge el ectri,c

i stribuytion of t
%bﬁﬁf, LBEI&tdNIdi FFETEMT t yhR%ESSuchas,? for BRanpféck
exctetrial Cakivsonsiugrdakel ngceatiws, laserunentiati omhree
cahles, copper_data,cables, cabhles r .
%ﬁkﬁ? n?gg?ans,bgﬁggVennﬁgg%d ﬁ%ﬁer/a crosslinked
q@heoomior qaylare cabrebberny Bwmsrste acempaindsto tAbe
RLESEM o NVEALT O r}tlﬂ@dpr 8@t dyveptd.on isefuptherise
descriped in the ?o ow ng exanpl es, which are nerel
FHTUIIQRt LAREONIESE AT e e 7 e§8r d8W 4P aBy Siagle-
@A:&:évia _”éki:ﬂﬂdfahe floRV &iHd Oilr%lteEMM LEeﬂaliQahJiﬁc@wduebb@mng

medi um tage c e of the tripolar type was

I5ir off ad8r dflg LN hE BYAST FEGETon S Cheng: gitdn Fhe
iFgplaxindracbabing htatbreaendoreesd passesgbl syngdied screw
cahl e; consj st of e - (.Qf
SO Rl EBe b CaEBRRCbafLRCUSbERLLE BREREY prver-
Thie htempe8atmrehi dk ither narigeai eongucf veheogrithgders

WweBE! geépécmtelmwk_ il aEb gk PRy | Ngslhayen-1200180-
nm thick external Sem conductive coating_ |ayer, the

e conttite iy eleaki dd nkde §0-80cPosdP0nidd-100°c,
Sttt einen / preepy | ensgocybbey- hesed capmutsc, Thextrusion

extrusion was carried out by neans of a triple
Qﬁ&dtﬁﬁé§91ine whi ch conprises: a 80 mm 25 D

si ngites cabowex taoadendf draytdiss | weee n@erosnideocdustsiliaked
P29 ARhaY 199: A, 2°Ru5L0GhEacEy BV XTI Hie OBt
electrically conducting wires was spirally wound around
each insulated conductor.

The so obtained insulated conductors and the three
bare copper earth wires, were wound around one another
and a layer of filling material made of the following
composition: 10% by weight of ethylene-propylene
elastomeric copolymer, 10% by weight of paraffinic oil,
and 80% by weight of a magnesium carbonate:calcium -
carbonate mixture (50:50) (the percentage by weight is
referred to the total weight of the composition), was
extruded on said insulated conductors (each having an
outside diameter of about 27.5 mm) an said bare copper
earth wires. The thickness of said filling layer was
equal to about 0.8 mm in the portion radially external
to said cores, i.e. on the extrados regions of these
cores. The extrusion of the filling layer was carried
out by means of a 120 mm, 20D single-screw extruder.
The temperature in the wvarious zones of the extruder
was the following: 60-80-100-100-100°C, the temperature



i nsul ating coating layer and a 90 nm 25D singl e-screw
extruder for the external sem conductive coating

WO 2008n146The tenperatures in the vari ous zone OPCT/H82004/011259
extruders were, respectiwvels -the follow ng:
50-100- 110-120- 120 0C , extrusion head 115C;
80- 90- 95- 100- 100- 100 0C , extrusion head 115 0OC ;
50-100- 110- 120-120 0C , extrusion head 115C. The above
o dtin pHtayesiomereaperasi b ossl i nked on a catenary

l'i nen Séab%%q:l&%tslme agt e af cgiae@iczf]g C@laﬂzlbérf%aii@t bAY an
Wi res. Was splra woun ound each insul a
A DO BIRTS bR ST | el SEEa EBdaet S8 didLing
layert hthesbambtaﬁp@@r emirtch wbeesfiveldywouraidr awat ing
anothran | ayer of fi eri nade, of _ .
l%ﬁ% foll 0\% ng %o%posixfl onaf\ %%C%}glwel ght “ﬂdl@ldeed with
egtivleared mprayllcare edpstvneri dHiSpasly #Br 8 1D%rbypasell) .
SARIONL A1 RAT LN e @i & ) cRDEBOYE DY gL IR of. 52mm, _and

magnesi um car bonat e: cal ci um carbonate m xture (50:
thiehe SPEFEEALAYEWRS vRAGHt ST s U eBdd St 02t hb2P ot™p, 25D

s}i@ﬂg&{@—é@{jrémhegﬁ@ﬁﬁ@éﬂl Q‘lh)he hté&ﬁﬁeﬁéﬁtxﬁﬂéed._rgntﬁél &arious

i nsul at onduct or eac vin out si [ ter

et 55 Sy U AP AE COPDRT AT | h ML 80 ~AR9-

200i-Cless otheaiwkripddding - d apér thes eauahsﬁonablmeIadO.v&s
oN the portion radially external to said cores,

2’6‘6‘ of

i.e. 'on the extrados regions of these cores. The
ext Bxpearsion t heffi ltheng ¢xpardeRds ceatiag oulapgr was

o@s%%%efaf &é%@cmy?%yslmafngsqmw ext HegRler Theos by
te ature in the various zones of he extruder was

werghtol qwfglveeotgothzeotm@ mcﬂalfl tpe © the" expanding
algemper atiyaeotetrbe® extgusi omohea(d:arm}aﬂal@c aclid/&odium

pSuccessi ve ste co n n .expanded
(‘flaf?ﬁ?lnlaé:%t é% éﬁlqﬁéﬁtbé’x% L?%%fd‘ngner ﬁ[e lléifl SHY | ayer
thua‘h@btcmhriml lébvengpebef iexdirupionailtbasbarangcbayed in
le) y d et 4
pyi eng%cg p“frg‘fne%‘ﬁ?ﬁeggg%‘%?sg@é% - BB%E@??) e.n tSegfilél g
t@@atai rep ey f vl 7 t9Evalafess equal to 2.5 nm and the
ext sl OdaSoKH IA&Y ObUSI Ngad 12nBn"ModeRtudinally

S M SV X L MO o NEab SR YS! EE YRS,
coated, both externally and internally, with an
ethylene/acrylate copolymer £film (Lucalen® A 3110 M
from Basell) of 0.06 mm in thickness. The bonding of
the overlapping edges was carried out by melting the
copolymer by means of hot air.

In a successive step, a continuous layer made of a
polyamide 6/linear 1low density polyethylene (LLDPE)
blend (Orgalloy® LE 6000 from Atofina) of about 1.8 mm
in thickness, was extruded on the aluminum tape. The
extrusion was carried out by means of a 150 mm, 25D
single-screw extruder. The temperature in the wvarious
zones of the extruder was the fdllowing: 210-250-260-
270-270°C, the temperature of the extrusion head was
270°C and the draw down ratio (DDR) was 1.7.

In a successive step, an outer protective sheath

made of the composition reported in Table 1 (the



zones of the extruder was the follow ng: 150-180-200-
200-200 0 C, the tenperature of the extrusion head
wo®s20870 C . Expansion of the expanded coat i PQI/US2004/011259

was obt ai ned chem cally, byadding into a hopper 1.2%

by weight (relative to the total weight) of the

expandi ng agent Hydrocerol (r) BIH 40 (carboxylic

aci d/ sodi um bi carbonate) , produced by Boehri nger

dmyeltrei mf Thibecabheibeavi ogmpbeerksr idFon dwaksgrrd  in
£d Ly ol £ £ontl géPC 20§ SBQ%QUGB&' ywdhiged, Reforge

enterl ng the um num form ng devi ce. The so obtai ned
el B3R | OFRF t BUFRARES PBI §B8 ®PRRh 1BMOMSURARThRY

ﬁé¥$%cﬁb&bél?ﬂeéngéﬁdckﬁﬁéﬁt?@ea?ess ?bobalaX@QE&&HfWas
and | nterna t an_et ne/ acr ate co

i (tocrart A S 10 VP oHERSEI PR BRGSOt fut by
riddrekness. alThasbonginng 25Dt hel moyler+sppawng eedgesieras The
SRS By %Fﬂé'GQ{RBSSC%QJeyswesfbse{aga&teu 89! yras

Successi ve cont1 nuous yer

télepolfpémomrl@/ i héarlﬁ@mﬂéén%ﬁﬁylééf‘}et H‘;n%né:emd_e@iaE)u
M angh (eqt,%lgl% (KQad EH8900sfaom At of i na) of about 1.8

mmin thickness, was extruded on the alumnumta
The TH& re@PbR WaS AT PR by nWARST o 1‘6‘6“’&‘%1 on a
sa;%}asg@gﬂ@eﬁcr ew extruder. The tenperature in the
vari ous zones of the extru,g [ he the foll ow ng:
210- 250- 260- 270-270 0 C , nperature of the
extrusi on head was 270 0C and the draw down ratio

) was 1./. I'n a successive stlep, an outer
otective sheatixampiet of the corposition repgorted in

h|:3 1 ffhgavvnnnfe n-F +hn WP~ L adaaaada-adat ako
Fo—v-ai 4SS UUIIPUIIbIILQ (2.4 p s

pressed in rts By ght per {100 parts i ght
t he pol ymﬁaga@asesa%gwas ext rfuded on thgeb/ &

nti nuous coating layer above dijscl osed. The
i ckness ofMo@aiedl sAeaKBSHWAS equdl to abouthB..OZO nm

I HP—- | b oy PPN
e—exHSHoR—WaS—eared—ott—by{reans—of—a—156—mm

D singl e-screw exér The tgnperature { e
ri ous zones{)o? Vihe © X r3uder wag the foll OV\(Apn%(h
$0- 160- 165- 165-165 O C, the tenperature
Irganox® 1010 0.50

P<NTTO0O0DOD-HOT ™

Rhodorsil® MF175U 1.50

Hydrofy® G-2.5 160.00

Total 262.00

Engage® 8003: ethylene/l-octene copolymer obtained by

metallocene catalysis: ethylene/l-octene weight
ratio = 82/18 (5.5% by mole of l-octene); (Dow-Du
Pont) ;

Moplen® EP1X35HF: propylene/ethylene random

crystalline copolymer (Basell);

Orevac® 18303: LLDPE grafted with maleic anhydride
(MA): (E1f Atochem) ;

Irganox® 1010: tetrakis([3-(3,5-di-t-butyl-4-hydroxy-
phenyl)propionyloxymethyl]lmethane (antioxidant
Ciba-Geigy) ;
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of the extrusion head was 165 0C . The cabl e was then
cooled in water and wound on a storage reel. Table 1

wEegagets(r) 8003: et hyl ene/ 1- oct ene copol yner poL/EBWe4€011259

by metal | ocene catal ysis: #¥hyl ene/ 1-oct ene wei ght
ratio = 82/ 18 (5.5% by nole of 1-octene) ; (Dow Du
Pont) ; Moplen (r) EP1X35HF: propyl ene / et hyl ene

random crystal |l i ne copol yner (Basell) O evac 1gr) )
Riig308s1i LRDPEL S t coraFefsHa%ei c a Jyep iy UPTERRE

At5 oggg?i%mtlé rz}uIBIBQﬁnDXRH&'l@ péeleRk) 5 [3 (3
| - u

hen th
HEVAT AEReCT a%t |I6§<F ép%%gl&?%%opl on%%(? x%qe Yiurface
Wlﬂﬁéﬁt@dmfﬁsl@@e@ﬁﬂdj awadt (Nboba | $ame) ( si I i cone

ruQQf{ th h % rggge%@%)Weﬁéﬂ%H§gdylgza %1Q§EHL%§£bgry

magnesi um € surface treated with stear, c aci
mimanvdvalrmm)e OfAl the haixAgge dihembaemer &2 APx&a’) n i th a

vgil‘i’ﬁ@df@?ﬁ@ﬂ?yo@ >9%r% (velding #fnd heagi shpgickarfs (at a
volunme filli nglof 95%

em XI n
temperafubat oat 1800 Enfetattur et 1‘:‘3%)‘“@(:%%:1 0 03Tyt g’FOtor

s]_béga 0&419e%nuﬁi@ﬁ@ym§;@eed 44. revolutions /mn)
foI reslstance test An oil and fuel

Saccording to UL 1072 was
maden &OL thids fpedposssisanueesait captmawing actenging

r rsed in: - FUEL C for 30 days at
t‘gs%g il il ”?‘Td or 60 days at 75C, |RM 902 oil for
96 Fourthas pOEPOSE, FhwAleReosanpbds Werd renbeRdth of

oft therd uglndrsddam.the oil, one of the three
conductors wth the insul ating layer was recovered and

-di FEEy SpkRy n%sd% &totaiGied according to Standard
- DI Nri259d2 3211 rige tde ddislaat imsgC;

- IRM 902 oil for 96 hours at 100°C.

Then the samples were removed from the fuel or from
the oil, one of the three conductors with the insulating
layer was recovered and die cut specimens were obtained
according to Standard DIN 53504 S2 from the insulating
layer. The obtained specimens were used for determining
the elongation at break (E.B.) and the stress at break
(S.B.) (according to Standard CEI EN 60811-1-1) with the
Instron instrument at a traction speed of 50 mm/min. The
obtained data were given in Tab;e 2. In particular,
Table 2 shows the elongation at break (E.B.) and the -
stress at break (S.B.) of the insulating coating layer
and the % variation (%A) of said mechanical properties

before (Starting Properties) and after ageing.



| ayer. The obtai ned speci nens were used for
determ ning the elongation at break (E. B.) and the
waeoedsieat break (S. B.) (according to StandarBCIZES20EN11259
60811-1-1) with the Instro@dliarstrunent at a traction
speed of 50 mmi m n. The obtai ned data were given in
Table 2 . In particular, Table 2 shows the el ongati on
at break (E. B.) and the stress at break (S. B.) of
the insulating coating |BABYE ahd the % variation (%)
of said nmechani cal properties before (Starting
FOperties) and arter agel TABLE 2 EXAMPLE STARIT NG
PROPERTIES E .B . (% 380’“3?@%“@—E (MPa) 17.6 PROPERTIES
AFTER ACErNGFOEC—C 30 days 23C E . B . (%) 3/ S .B .
MPa) 17.4 %O E . B STARDEND RROBFRTLES), | RM 902 oi | 60

0

oy s—75E—F—B—{H—366—S—B— Pz
D S . B . 1%B.8M 909 oi | 96 hourd 100 0C E 380. (%

pbove reported datdpsshow t hat t he %varl at |16’n6(‘%D) of

fl oR—at hvnf\ll L M oad bt oot oo
T CCUIv \ I_J ) (ZYNAV] LA AL ] (J.L

bot-h—t-he—el-ongat
preak (S. B.) af tegomgeiTRp i AFTER YAWGEING EXAMPLE 2 A
cable was produced.a

s disclosed—i ng@a_n;p_l_e__l_’__t_h,e____
FUEL C

30 days 23°C

E.B. (%) 375
S.B. (MPa) 17.4
%A E.B. -1%
%A S.B. -1%

IRM 902 oil

60 days 75°C

E.B. (%) 360
S.B. (MPa) 17.8
%A E.B. -5%
%A S.B. 1%

IRM 902 oil

96 hours 100°C

E.B. (%) 330
S.B. (MPa) 16.0
%A E.B. -13%

%A S.B. -9%
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only difference being the fact that the continuous
| ayer nade of a polyam de 6/1inear |ow density

wp@oiogei4syt ene (LLDPE) blend (Orgalloy (r) LE 6PODUS20041911259

At ofi na) was extruded at-a32lraw down ratio (DDR) of
4.0. Adhesion (peeling) test Test pieces of the netal
tape with the adhesive | ayer and the conti nuous
coating layer with the foll ow ng dinensions 10 nm

wi dFhex aboyenmir ¢raigier weaba olsheivhetl 3 of'ehed caprdation

(385t i eeesnhavidget BagsamBndia®nsireak Wek €83} S@nd the
obtained fro Sai d.pi eces,

the cable_of Exanple 1 .
ShEFESsfbj EEF% ?5'{3hg BEE?rtﬁggEﬁgcbistﬁﬁyt &ggt'andard
EERFPNE € 33-223 using an Instron 4202 dynanoneter, the

! afPs, Bh MILEN JIRLRCARPLICH Lo R g Bl Al ptaRe 811 ONene
end and t6 tAe Eontrnuous coat. ng layer at the other
orhd (dhEfemenead haing ndigal EpcpeetBatof thief @prtinuous
18peLYi ng dhe GFamgs) poAddiafd | 05/ $peedredualy t 0adfsity
nm m n was then applied and the peel fgrce (PF) values
P‘t’iﬁlﬁgtﬁﬁé%@ed,(L@Rggéss]@%leﬁl‘ﬁ Né%g‘ﬁ%l‘(’xl) LRy e6é?9enfrom
b6t oM aNGrad ecfBeidbhe avernagirawal dewaal cat 86 e Db®) 4of
4t st pieces: cable of Exanple 2 : 10 N ; cable of
anple 1 : 25 N. The relationship between the draw
Adobeniont (peéDDRY), tébe peel force (PF) , and the test

res £ rese EihgQ. 515 h b ;
R R e N e
layeri caind o tiive aetrisimOw? tHeakongi ndeieTcoafify the
£bBYEL1hg WgiRbidhst ane ARdwihthas: beed kRUNGASE were

'y maintalinin draw down rati o (DDR), val ue bel ow

on t he
oktpiped ﬁ?-”é?nhe?g% SaHLSr-actety PeacSForkaViRE) ygame
diReflsibal lewer attBan oR@N) nedn fhemhia netbXd AbMEdample
1Process for manufacturing a cable conprising the

foll owi ng steps: (a) conveying at |east one conductor
to @aid pieces, were subjected to the peel test

according to Standard EDF NF C 33-223 using an Instron
4202 dynamometer, the clamps of which were applied to

the metal tape at one end and to the continuous coating
layer at the other end (the two end were manually
peeled off before applying the clamps). A traction
speed equal to 50 mm/min was then applied and the peel
force (PF) wvalues thus measured, expressed in Newtons
(N), are given below and are each the average wvalue
calculated for 4 test pieces:
- cable of Example 2: 10 N;
- cable of Example 1: 25 N.

The relationship between the draw down ratio (DDR),
the peel force (PF), and the test results are
represented in Fig. 6. As shown by the figure, the draw
down ratio (DDR) turns out to be critical to the
adhesion of the continuous coating layer to the metal
tape and it has been found that only maintaining the
draw down ratio (DDR) value below critical value, a
satisfactory peel force (PF) value (e.g. not lower than

20N) can be obtained.
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extruder apparatus; (b) extruding an insulating
coating layer radially external to said at | east one

w@omdaeteor ; (c) longitudinally folding a netal PEEPS2004/011259

around said extruded insul®ling coating |ayer, said
metal tape bearing at |east one adhesive coating |ayer
in aradially external position; (d) extruding at

| east one continuous coating |ayer conprising at | east

Clot&MPol yani de or a copol yner thereof around and in

TonbaGte Mkt F Al fahakdedupehg! 4 apebleheeemnpribenst eghe
(d)_is_carried out at a draw down rati o not higher

t habPblewing SEeRRess according to claim 1l , wherein

t he(st ep dehvégi@gr raed delsat ok awcdodnceari o taf an
bet ween 1,2 an 0 ocess according to claim1l

2.0.3
or 2, \/\h%’?tel n ?ﬂea%]%aéxba‘ilg%_’ is carried out at a
t enper at ueet vfidbes weean2200TsuA8 L300 0CCcoafingpPr ockder

accor di ng. 48 £l 8y M 3xcephgiei Rd hessiep 46) saaarrisk
out at a tenperature ob between 230 0OC and 270 0C . 5

. Process® ‘@)‘F‘éﬁ”ﬁg to any one of the preceding

cl aj&p, \/\i&ﬁh@t{u&i&flﬁp f(clﬁ.l)di@fg f al dinegatlhetaptal at@psed
conprises t st overl appi.ng the_edges.of said, _.
mot 8l taptl® SEPBagts HEOPNTY OB AT S Snerd i
the step fiefadf fapai foedhiengretat tlgwestconpre sexdhidmive
addi ti ona ep of QEQH ng the er |.appi dge

sai d net a+°%%lplgg 7£ roceslsrbacg%r di ng t%ﬂla)ﬁy oén}é@%ﬁnal
t he preceolpsigtcdmi ns, wherein the nmetal tape bears at

| eapf) oneadhesiey Cot i Ned Ayerondl addimhdys | i thadg

position. 8 . Process according to any_one of t,ge r a

precedlnglayer comprising at JlTeast one polyamide o

copolymer thereof around and in contact with
said folded metal tape;
wherein the step (d) is carried out at a draw down
ratio not higher than 2.5.

2. Process according to claim 1, wherein the step (d)
is carried out at a draw down ratio of between 1.2
and 2.0.

3. Process according to claim 1 or 2, wherein the step
(d) is carried out at a temperature of between
220°C and 300 ©°cC.

4. Process according to claim 3, wherein the step (d)
is carried out at a temperature ob between 230°C -
and 270 °cC.

5. Process according to any one of the preceding
claims, wherein the step (c) of folding the metal
tape comprises the step of overlapping the edges of
said metal tape.

6. Process according to claim 5, wherein the step (c)
of folding the metal tape comprises the additional
step of bonding the overlapping edges of said metal
tape.

7. Process according to any one of the preceding

claims, wherein the metal tape bears at least one
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clainms wherein a further step of applying at |east one
coating |l ayer made of an expanded pol yneric materi al

WO p0od/1148d7 al |y i nner position with respect to BEi/dS2004/011259

nmetal tape is carried out- 3@ .- Process according to
claim8 , wherein said coating |ayer made of an
expanded polyneric material is applied by extrusion.

10. Process according to any one of the preceding

cl aiathesitver eigPatiiend nslaxed ngitoadi ngarkapdr Yeorprieyasl
at lgastei@pe crosslinked ethyl ene/ propyl ene (EPR) or

et hyl ene/ pr opyl eng{igﬁi ene (Eggy el ast ogerit%ﬁecopo?/ne&_s
81 Prasssces FS5OE6 dihg %% of&%f °H ai 1 R §Fgatng
wherdigishevherseiat A ngueehbingtlepy eyt cappliyses at least
| east one crossli d_or n- coss). i ol ef :
i n- k%lseedcﬁ‘%R%r i ggfr%f erical” sé?ec%%dr%g%rﬁp@éa polymeric
pol yeltefriipd, icopeal yadieldly dinkfesr emsbiednnwith respect

coplynBlig Hetd ¥UaLfd N Mdh-rarLidnd enically
unsat ur ated ester,  pol éest ers, polyacetates, cellul ose
t

Fol FRICESSH AR 8, CpBis & pHuHEe1in pfepd coating
I esilRSserl RAdEESHANS arPokysahands, pPDiaei ¥l ahSerial is
pol yam.des, .pol yanm nes, or mxtures thereof . 12 .

Pr 0 &% &L SMIISTT S8y one of the preceding cl ai s,
Mherrriqresie pefcalrdiage it® madeg obnal umifnuheal prieneding
al | . | oy- .al urg,pum . ._hro el ,

ti n%faéén@ét ee‘fﬂ,%?lgﬁﬁpl aﬂeé stéé??ﬁ?g%ﬁ?ni %%%%%I , layer
st aiovmpgs sstseel , capper - clgasst ai nl exze st eel crosslinked

ter %%@ngte%e?rb%%' 1@levani zed steel, (ghgpme or chrome- 5

treated steel, [éad, magnesium tin, or mxtures _

t helsddwlens/ omopydsaed ng tolBWhn 12, wlésdomeric

t he g8pcalynleare i s made of alum num 14 . Process

e THECATS, aBECNESLCL HiEkAEYs SFCt i 6108 m fo 10, &

mMn wherein the insulating coating layer comprises at
ieast one crosslinked or non-crosslinked
polyolefin-based polymeric material selected from:
polyolefins, copolymers of different olefins,
copolymers of an olefin with an ethylenically
unsaturated ester, polyesters, polyvacetates,
cellulose polymers, polycarbonates, polysulphones,
phenol resins, urea resins, polyketones,
polyacrylates, polyamides, polyamines, or mixtures
thereof.

12. Process according to any one of the preceding
claims, wherein the metal tape is made of aluminum,
aluminum alloys, alloy-clad aluminum, copper,

bronze, steel, tin free steel, tin plate steel,

aluminized steel, stainless steel, copper-clad
stainless steel, terneplate steel, galvanized
steel, chrome or chrome-treated steel, lead,

magnesium, tin, or mixtures thereof.
13. Process according to claim 12, wherein the metal
tape is made of aluminum.

14. Process according to any one of the preceding



5

1

(@]

15

20

25

30

35

15. Process according to claim 14, wherein the netal
tape has a thickness of from0.1 nmto 0.5 mMm 16 .

woe@saess7according to any one of the precedi ngPCl/ab2U84/011259

wherei n the adhesive coati 3% layer conprises at | east
one copol ymer of ethylene or propylene with at |east
one conononer selected fromethylenically msaturated
carboxylic acids. 17. Process according to claim 16,

wheFdpAmShe YaBpot e hef metali eb@Por DpFopy | BRECKRESS apf

| eagt-oQN@ .©8MRAO RN 1S@I egf.ed fromethylenically
unsat ur at ed car box lic aci d JUect{gld from

LoopBFRRERS AN HATmj S BORLRor of BBRFARe Hre metal
pr opabenhaand ahlfﬂclk@resﬁ;oﬁfl @ronofo .fir am 1:% By. Svaimght to
0% gh h_respect t to oI

% (i?ﬁ%écwgf a‘réfbg}g% &ri cgl%ly ‘S’satg glr até cgr% é?géedlng
aC| qlaigls Pr owéls!gea@cor ¢heg t edbksiive 16ceating layer

wherghptiheset byl enical | %n@sébﬁbﬁﬂzﬁgrc%boﬁﬁﬂﬁene or
aci ds, which termincludes nono- - bail C acids,

aci BYRRM}ERRI®E thaF pefds al 0%%t%?]§°laﬁ§m$6| §Bdsreed from

aci dshyaedicagnyl uesatuga teet R_ebplyq iaCisdidyy.ot oni ¢
umaric acid malecam |tacg€|ca d malelﬁe

12nthPF8§S rm%ﬁ%’fﬂwgnaﬁeate fofoet et Tt
rmnonspbhlykneffurmf ateer,hymmmaet by| dnomrlares wiicpr gyl épest

gl ysgﬁenyl g&ﬁélq&ne?t hef é@' eats. et hyl.ep %xeggw

nonop er acid ma or mxture thereo
Pr ovesstazesed ngSatldO@?Fbylﬂeﬁ cﬁéilﬁﬁ 165 0 a8leqgkrd ei Arom

the cpBOLYERE Ohaeihy! @nengfoPr R Em Wokh &dhjrasd or
one conohoner sel ected from et h I eni un a%ur at ed
car BERYYILENgcARS 15 THRIp R Se hgréﬂe % PK weight

acrybi c 308 nmefhacraidiee aciel e V\té@pé@tyl teé Oothe total
met hacr I iCc ester. ]M%O Pr ocess hﬁ-x clor di n

t heCBP8 &Ry EFH er 81'n The adhesi v]‘t 4 an%"’lguraged

u

| ayearbagydithiackdess of fromO0.01 mmto O. c1:o§m 21.

187 06838 R6C YAy CLE! W2AmWNES ebR tRe agRESLYE the
ethylenically unsaturated carboxylic acids, which
term includes mono- and poly-basic acids, acid
anhydrides, and partial esters of polybasic acids,
are: acrylic acid, methagrylic acid, crotonic acid,
fumaric acid, maleic acid, itaconic acid, maleic
anhydride, monomethyl maleate, monoethyl maleate,
monomethyl fumarate, monoethyl fumarate,
tripropylene glycol monomethyl ether acid maleate, .
ethylene glycol monophenyl ether acid maleate, or
mixture thereof.

19. Process according to any of claims 16 to 18,
wherein the copolymer of ethylene or propylene with
at least one comonomer selected from ethylenically
unsaturated carboxylic acids is a copolymer of
ethylene with acrylic or methacrylic acid or with
acrylic or methacrylic ester.

20. Process according to any one of the preceding
claims, wherein the adhesive coating layer has a

thickness of from 0.01 mm to 0.1 mm.
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coating layer has a thickness of fromO .02 mmto 0.08
mm 22. Process according to any one of the preceding

w@b@bmsi67Wher ei n t he pol yami de or a copol yner e¢EDSD4/011259

is selected fromthe conden$at-i on products of at | east
one ami no acid such as am nocaproi c acid,

7-am nohept anoi ¢ acid, 11-am noundecanoi ¢ acid,

12- am nododecanoi ¢ acid, or of at |east one |actam
Auc Presassprasteandimg oehapt athact anyReaai P Chet adhesive

of alodt8ay} PAPesalasOra Mexiekassel of apioms suwech @8 to
hexanmet hyl enedi am ne, dodecanet hyl ene di am ne,
dohy

met I"&hedi ami ne, bis (p-am nocycl ohexyl) nethane,
27 meiduddex aeidndiene, tw t lanat  loeast odine titieac pdesedhing
as i ht hal i ' t ph I.c.acid,..azel ai [
SobSEN d,‘g%%%%?c ShE. PRy Mo bo§y| FopLvyer
or rihenaads b$ aklerhede fmoAbnehs. coBdePpatdsy products

accqydi BY tR.Ldi@l Pnd2, ahies eidritchespehy a8 dam@hokaproic
copol yner thereof are: nylon 6 , nylon_6/12, nylon 11,
nyl @Fitd, of -AkPORERtERRLESf 2Ch PldcaELNR GPRE*C
to Q:llcﬁlldTB 2%—&&12&:10@@@&1@%11& heliﬁloljyc&ﬂi gé @it aleast one
cop r thereof are used_in end with _at | n
o WA, 25U 0088 aCRRRaTRG L8 ol aPhraR R
t he lpalrydllefdtan,s csel oft et fteast pohpetdpdtener mixtures
pol ypr opyl . pol y of hyl ' -Ql.efi i

sai éﬁ{)r od&ggg'igélgng op élgna! Iaibl ar a?tgggwﬁnﬁ:?‘fﬁeﬂea%aﬂ?ne'
uns alqfeneat darlene| | ¢ dEaEiRAhydr i BeSaxydN leaedapaiae,
anhygdrd @2.a08m A ARG LRA P des suchramethyahdyk -
nmet hacryl ate, orf mxtures thereof; copgcg/%er

| of
et hWISHF WA atWiast @bne 1AEGuctO™éel c(‘Jll‘ir offichi ) @s
unsatdoraiteth IGay baxydlj c tacieghthbheicr eald,s azelheer acid,

eSt%gﬁBeéfé) ng@xl %%&%&gxpfa%%%gra%%ﬁe%%&%%ﬁ%%&%oxylic
acid; or mixtures of all these monomers.

23. Process according to claim 22, wherein the
polyamide or a copolymer thereof are: nylon 6,
nylon 6/12, nylon 11, nylon 12, or mixtures
thereof.

24. Process according to claims 22 or 23, wherein the
polyamide or a copolymer thereof are used in blend
with at least one polyolefin.

25. Process according to claim 24, wherein  the
polyolefin is selected from:

- polyethylene, polypropylene, copolymers of
ethylene with oa-olefins, sald products being
optionally grafted with unsaturated carboxylic
acid anhydrides such as maleic anhydride, or by
unsaturated epoxides such as glycidyl
methacrylate, or mixtures thereof;

- copolymers of ethylene with at least one
product selected from: (1) unsaturated
carboxylic acids, their salts or their esters;
(ii) vinyl esters of saturated carboxylic

acids; (iii) unsaturated dicarboxylic acids,
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acids; (iii) unsaturated dicarboxylic acids,their
salts, their esters, their half -esters, or their

wa@phwgdrdedes; (iv) unsaturated epoxi des; said ep¢lyUs2004/011259

copol yners being optionalty3grafted with unsaturated
di carboxylic acid anhydri des or unsaturated epoxides;
styrene/ et hyl ene- butyl ene/ styrene bl ock copol yrmers

(SEBS) , optionally mal einized; or blends thereof. 26.
Process HeRbFdiStd o cFarks PEtGTo5, thRéreitpthersters,

bl end ofopotpamidandydaicers! ¥aw) tukesaafratdd @boxides;
| east one fcgl yol gp n further H%‘F“ se at_l east_.one

conpat i bFit3er FEPEFEY f FORP Y&t hy %Jn%g optionally
pol ypr opgt@fleedet wilcén e-pr syl sre¢ opdipasboxylic  acid

et hyl en fé]gs;&g%r. {éra@éc'i éﬁl%?fdé’é pducts being

grafted elc e or g met hacryl at e;

et hyt ené%ﬂ’k@me(ﬂ%@%}e%%ﬂwwje?ﬁﬁ%/ S'et'rlér%}?\%ydr ide  block
copol ymeéSpoiy eﬁ@l esm@nhy@w&l@ﬂwgn&x@mg@le@r

copol yneri ze I eng/ vinyl acetate/ maleic

anhydr i de¥ CobeRs ?re’?]% r?qﬁg mal ei ¢ anhydri de being

mafmﬁ@b@ﬂis cap@bym&ngzeﬂb theimbovd toao ZHBpokywerdn rthe

uhi ol 4 ! el ol de b depbiaged Whb-ghyoldth ac

copoleymtsoaadpphyb&eéant §urpbeyepﬁgnp§n§es at least one
pol yps.apy nglgée@tggig@@&gopﬁgﬁne copol yners, these

pol ynmers being grafted wth a product having a site
whi ch r eelye que%ﬁn n@@lYPﬁ@%l@Psn&flbfolpﬁﬂ%r@‘r@ylene

then beiggpsppdensed sl ool s Hemnor qudyBmdées, all
ollgorrer avin n Ie nmne end gr

Process %%‘? di g%r‘?% 1Ctai o 24 %r 233‘%%??2‘? ej ﬁolf he maleic
bl end Ofarﬂqlr(yﬁi’ﬂléieolorghyq‘;ﬂhdl ymerhddweyrleofe i t h at

- ethylene/alkyl (meth)acrylate/maleic anhydride
copolymers, the maleic anhydride being grafted
or copolymerized;

- ethylene/vinyl acetate/maleic anhydride
copolymers, the maleic anhydride being grafted
or copolymerized;

- the above two copolymers in which the maleic
anhydride is replaced with glycidyl
(meth)acrylate;

-~ ethylene/ (meth)acrylic acid copolymers and
their salts;

- polyethylene, polypropylene or ethylene-
propylene copolymers, these polymers Dbeing
grafted with a product having a site which
reacts with amines, these grafted copolymers
then being condensed with polyamides or
polyamide oligomers having a single amine end
group.

27. Process according to claims 24 or 25, wherein the
blend of polyamide or a copolymer thereof with at
least one polyolefin comprises:

- from 55 parts by weight to 95 parts by weight
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| east one polyolefin conprises: from55 parts by
wei ght to 95 parts by wei ghtof polyam de; from5 parts

whoodeight to 45 parts by weight of pol yol efi nPCR8S2004/011259

Process according to any oneégof- the precedi ng cl ai ns,
wherei n the continuous coating |ayer has a thickness

of fromO0.5 Mmto 3 mm 29. Process according to claim
28, wherein the continuous coating |layer has a

t hi cknes®foPfl¥gMmicei8 mmto 2.5 nm 30. Process

accordi ngricth ¢ PavB W WeighheEsi 05t PEregabiNg ek dner of
made of an exga%ded polymeric material conprises at
| east on&°&¥Fafdabi-e pol ynmer sel ected from

B8y Glrefciass, aap@h:yirreugs ao diabhfyer eme olog€f i mhe preceding
CopOLyIBES O r?é}eqr?fx;ﬂe%ﬂt@ﬂuspgvl WGUd Viayer has a

unsaturated ester yesters ycar onates
pol y§tigkssss, 0§h§ﬁf@m Oesi Ha tlsn'éaH\HES| ns, or m xtures

bler eebceds. P£@§§§§11@§00rt§8 ngchaigl ai M 30, WEF&ID the
t he ex ndabl e pol is selected from (i)

copoF? FEUSHSet "e%‘\%gvmllaléfe&n ]é?ﬁylaenFEéFH?ess of from

unsabusained teskes, msuch as vinyl acetate or butyl
et at i.n whic he anount . of unsat ur at IS
B0t Vb ER B a%%%(%%n%n 0806}l%)l/mﬁm8;hf3 (§,)w5herem the
el astomting cogotemer made etdfyl ear widdpatdedkaspodpmeric
3. Gha B OLe! AN A4 ONALE LA LN %’ﬁ;f 8% ' BB1ymer
A

foll owm ng conmposition nol e of
10% 853eRBPE drogy: o|p@rhwlqﬁ;@1m%m@lmem erhé déﬁ feyent

copobyBEBifsOf ebbybepRewsth 8k Ieaﬁt 0B¢c€in Cyw2th an
a- oleghyéeand tronally a dien having a density of

bet wé %CG WB atP TR BT YEEB alfs the f ol pe;}\yﬁaters,
conppsilycapbora¥%e87 Yodnl vl Irdneat hybraao13%<2h%dy urea

nnlerggiggPlgglﬁixggggg gﬁe l% of a drene;
31. Process according to claim 30, wherein the
expandable polymer is selected from:

(1) copolymers of ethylene with an
ethylenically unsaturated ester, such as
vinyl acetate or butyl acetate, in which
the amount of unsaturated ester is between
5% by weight and 80% by weight;

(ii) elastomeric copolymers of ethylene with at
least one C3-Cj; 0-olefin, and optionally a
diene, having the following composition:
35%-90% mole of ethylene, 10%-65% mole of
a-olefin, 0%-10% mole of diene;

(iii) copolymers of ethylene with at least one C4-
Ci2 0-olefin, and optionally a diene, having
a density of between 0.86 g/cm® and 0.90
g/cm® and the following composition: 75%-97%
by mole of ethylene; 3%-25% by mole of o~
olefin; 0%-5% by mole of a diene;

(iv) polypropylene modified with ethylene/C3;-Ci
Od-olefin copolymers, wherein the weight

ratio between polypropylene and ethylene/Ciz-
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(iv) polypropylene nodified with ethylene/C 3-G 2
a-ol efin copolyners, wherein the weight ratio between

w@eiogptepyl ene and et hyl ene/C 3-C i 2 a-ol ef i n POPUS2008011259

is conprised between 90/ 16 ahd-10/90. 32. Cable

conprising: at |east one conductor; - at |east one
i nsul ating coating |ayer around said at |east one
conductor; at Ieas&ggne netal_tape |ongitudinally

fol ded ar oundt2s & §*&t 1Pe £IPVNE G s P aleFRGritftL t Bptween
said netal tapelbeamdnhood0its externally facing

ﬁff@ﬂﬁé“c&ﬁéfls?@?: adhesi ve coating |ayer; at |east
coatTn

one continuo g layer conprising at |east one
pol yani det okeaseoprt yeerdediepenf in a radially
ext er nal g Posiddsan ¥heh 1,85PEGtidD ¥4 i3]y | §§§Erlon§round

adhesi ve copating |ayer, said continuous coating |ayer
bei ng i r?%‘%t%‘f:?l%?% @ CARIYEERE: one adhesi ve

coat+4 ng dtay&éasﬁ?:.orﬁﬂbhletaQCQfai:};@glbﬁgﬁltaii&hlaaly folded
wher ei n the conductor_.is.made of copper .o um num

34, Cabl & SEy GPAG 13- oRSRRESPTS  S3SURAGES: FeFRRctor,
i nsul at isai¢oaneépal | ayepei sbdefingd ancoridisng d:ocernally

cl ai ns O I b [ to 0 .
cl ai ms %%c?lonéasu\%h%gflg?né?hg%%gngi tg%& n%ﬁq%s?g?deéaoatmg
nmet al tag¥eas overl appi ng edges . 36. Cable according

to any one of1&da¢ M5 3Ret 0 38ntWABHELEN tRIWLR tan& er
is defined according to apy one of clainms 12 to 15 .

37. Cabl®"WGHdihg 86 anydMk of°1Q ai Relyamigezp, or a

wher ei n ddpoladitesi vehegabitng iryee i sraefaned belxeternal

nccor di BTN SHETC TEPRPME 35°t 0873 wibbr ol i One

cont i nueagihesvate mpd ey baypr i ssagdatontinuous coating
layer being in contact with said at least one
adhesive coating layer.

33. Cable according to claim 32, wherein the conductor
is made of copper or aluminum.

34. Cable according to claim 32 or 33, wherein the
insulating coating layer is defined according to
claims 10 or 11. :

35. Cable according to any one of claims 32 to 34,
wherein the longitudinally folded. metal tape has
overlapping edges.

36. Cable according to any one of claims 32 to 35, .
wherein the metal tape is defined according to any
one of claims 12 to 15.

37. Cable according to any one of claims 32 to 36,
wherein the adhesive coating layer is defined
according to any one of claims 16 to 21.

38. Cable according to any one of claims 32 to 37,
wherein the continuous coating layer comprising at
least one polyamide or a copolymer thereof is
defined according to any one of claims 22 to 29.

39. Cable according to any one of claims 32 to 38,

wherein the cable comprises at least one further
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| east one pol yam de or a copol yner thereof is defined
according to any one of clains 22 to 29. 39. Cable

wa@ewendieny to any one of clains 32 to 38, wherRCTUS1004/011259

cabl e conprises at |east oné& urtheradhesive coating
layer in a radially inner position with respect to
said at | east one netal tape, said at |east one

adhesi ye coating layer_being, in contact_with said at .
I eastadéheesﬂiﬁ a‘}r‘%%]ﬁig. Wy erabh eaal‘f@é}ah&i £ ghy PeRet1on
of clvaitis B2spact39towheldi att Heeasablend unéhel tape, said

fo o aidtae ohhe tatar [P O8] PubRe " CRAFRL, oo

I ayeﬂmtof‘”ié‘%paiﬁ?d@d aﬁoll)ﬁf@rti @ﬂﬂaﬂr@tia_é-l tap#l.. Cabl e
aAGCoICHNG: t cebalihd0, tahekgi Nnohbe goathpgrkayes rmdesg,
of an_expande golgmerl c matferial is defined accordi n%
to cMAhSi30 Gabho  TenbheraSORRNiRGSro dhyd ohedeRIly
cl ai An32xt OpéﬂitimthﬂrchCOi@épé(@jinfgloi said atl least 3ne
sem condyctive coatjing |ayer radia .internal_ to _sai

i nsu?r%tt%ﬁg (%83? t ng™t a%&"",gta S8 c%ﬂ%%ﬁ“?vz"racyo%i ﬁ“&%e of
| ayeexpadicsid podytremial megesdied -i nsul ating coating
hayetardd Labbeafrgondl ng %Pmchl"ﬁ,m @eré‘@ﬁr ec:h{é dcoating
screen consisting of spirally wound electrically ~ .
conddédicky WAfles O ©apesxPandefarReyReTmd mefferial is

sem geFdweld \ecerdtingd thayakikadinal by external to said
| ayer. 44. Cable accordjng _to any

'622“'8%502}%% %ggtélfggla%st,ovﬁé’ryei AR nChddft3oh F the 41,

coat ifng thayercomgetisiad::above, at | east one coating

| ayer W Lh e gl R idfe OGP O EENLYe SPERL

internal to said insulating coating layer;
- a semiconductive coating layer radially
external to said insﬁlating coating layer.

43. Cable according to claim 42, wherein a screen
consisting of spirally wound electrically
conducting wires or tapes is arranged around the
semiconductive coating layer radially external to
said insulating coating layer.

44. Cable according to any one of claims 32 to 43,
wherein, in addition to the coating layers defined
above, at least one coating layer with the function
‘'0of external protective sheath is present.



