12 "Sept'enber 2005 | Flane-retardant cable with a protection-shiel d agai nst
rodents and/or ternites DESCRI PTI ON The invention reltk%eptenber 2009 e A
having an insulation which on the one hand is resistant to rodents and
termtes and on the other hand conpared with well known hal ogenat ed
insulation 10 materials is highly flame retardant, |ess corrosive and
gener- ates relatively little snoke as well |ess toxic gases when burned.
The cable according to the invention isiin particular a 15 electric cable,
for exanple a electric cable for laying on or in ground containing termtes
or for laying in buildings, or for use in vehicle industry, or it is a

si gnal cabl e, Fedanérmtarflant exhiplwith ¢ abetenrhimi-chiebh agalihet grodgnbpt i cal
signal ca- ble, or it is for use ignhd/BM SEniWeki Ng | ocations for voice or
20 data transmission in |ocal area networks. Electric cables laid in the

ground are f S S 0 edium-voltag aS—We 3
| ow-vol tage cables, that is to say cables for voltages below 1 kV. 25 It

may be pginted out that only el ectriggzseabpemnare de- scribed bel ow, but
that the same applies nutatis nutandis for the other cables as nentioned
above. 30 The animal pests which danmage el ectric cables laid in the ground
include term testhadingtniion aelype o6 4 nebte hawinggan ninsulepiealvhaci
subtropi cal LRUHANSNANHaR! SQ FEHIRIRPIEH JoBeRRS taha PErmiRUEhehd JRUERPE. I N

t hi.s connection, the termtes destro¥ ) )
other hand compared with well known halogenated insulation-—

10 materials is highly flame retardant, less corrosive and gener-

ates relatively little smoke as well less toxic gases when

burned.

The cable according to the invention is in particular a
- 15 electric cable, for example a electric cable for laying on or
in ground containing termites or for laying in buildings, ot
for use in vehicle industry, or it is a signal cable, such as
for example a telecommunication cable or a optical signal ca-
'blé, or it is for use in premise wiring locations for voice or

20 data transmission in local area networks.

Electric cables laid in the ground are for example cables

for medium voltages as well as also low-voltage cables, that is

to say cables for voltages below 1 kV.

.25
”} It may be pointed out that only electric cables are de-
scribed below, but that the same applies mutatis mutandis for
the other cables as mentioned above.
30 ' The animal pests which damage electric cables laid in the

ground include termites, which are a type of insect living in
tropical and subtropical regions and also represented in parts
- of southern Europe. In this connection, the termites destroy
the outer sheatﬁ, which is preferably made from plastic, as

’ 35 well as the conductor insulation of the electric cable, and



the outer sheath, which is preferably nmade from pl astic,,. 5 I s the
conductor insulation of the electric cable, and 12 Sept e1n2€§é§p‘?’%%%i20 her eby
reduce the service life and operational reliability of the latter.

El ectric cables have a core which consists of a current 5 conductor and an
i nsul ati on sheath. Mediumvoltage cabl es, which are provided for voltages
from1l0 to 30 kV, further com prise a jacket containing a neutral
conductor, which surround the insulationZheath. Electric cables are also
used to produce nulti-core, i.e. three-core cables. The latter consist of
three 10 el ectri | es, stranded with _one another, which are held to-
gether by a she%}feﬁ%\%\g'g%d‘ﬁcse ?16‘? FEAVHEC Ileh8tashrPeEatipnpl opgliability of

pol yvi nyl chl or i dd¥ éft¥rA-yet hyl ene. In order to | engthen the service life
and enhance opera- 15 tional reliability, known electric cables which are
laid on or in gr ouEflecccg%aicrgln% berm’tes further have a protective sheath
whi ch surrounds the. insul ation SREAtHhCBTS théch ReisaAdef & mateentf r om a
material wRi ch P8I EKI*spARtamridshhetEnsi shemtht OMéenmi-eStagd @Epexanpl e a
netal | ic protewhivie sheptdvi 2l FHHS01YQ5/20227, di_sghoses ble with at
| ast one con- ductor, ghg&etj S S rro,undg%w tf%glgtlr? CESO gga’tag’d_ S EReR" and
with an insulating pofyner 9ORyat Hifd 2t Mt rad ded ithighshemtodnndnade of

pol ymer filled™if tisuasttemisbenth efilabtrits mebhdd iarepabs®mskactd YProahaped as

a netallic sheatitiredee ofi cor engat-edrstEh os St 1%3§t@1p9:|oi€1§951%1%ftegﬁur e the

flexibili of ble and to protect it agalinst rodents a Hites.
iy eiJE%rgg c§£les s%:and%d wf%h one aé%ther, which are held to-
gether by a sheath which is formed at least partially from
polyvinylchloride or polyethylene.

In order to lengthen the service life and enhance opera-
15 tional reliability, known electric cables which are laid on or
in ground containing termites further have a protective sheath
which surrounds the insulation sheath or the jacket and is made
from a material which is resistant and insensitive to termites,
for example a metallic protective sheath.
20
Thus, WO 95/20227 discloses a cable with at last one con-
ductor that is surrounded with strips coated with miéa and with
an insulating polymer layer and that is embedded in a sheath
made of polymer filled with ihorganic material. A metallic pro-
25 tection shaped as a metallic sheath made of corrugated steel
s strip is applied to ensure the flexibility of the cable and to
protect it against rodents and termites.

In their embodiment designed for the above mentioned use,
30 such electric cables have the disadvantage that because of the
additional protective sheath the produbtion of the cable is

very complicated and relatively expensive.

In addition, the electric cables provided with a metallic
35 protective sheath, and also the three-core cables formed from



In thei.r embodi ment designed for the above mentioned use 3 ectric
cabl es have the di sadvantage that because of the additi 01r12a 998?’%5%%“?’@%

sheath the production of the cable is very conplicated and rel atively
expensive. In addition, the electric cables provided with a netallic 35
protective sheath, and also the three-core cables forned from 12 Sept enber
2005 3 these have a relatively |large cross-section and are conpara- tively
heavy, as a result of which there are di s&dvantages in storage,
transportation and | aying of the cables. Thus, for ex- anple, for the

pur poses of stogh%gg and tranﬁ Ql‘t?ti on cable 5 sections of electric cables

or three-core cables are Wwobnt ‘Shtd 147gF| SFEsRASH ™M aNE BRS FEMPREESSary

during w ndi ng BFelrieheary. btex ontolt bé vinidtertseto absdlvedwndages dinanet er

which is a funebageferbhsysabkeodi APl erin Bl WerebiclhendRack, aygll abl e
on the roller ag yell as the perm ssibl e maxinum wei ght cause 10 an :
unf avour abl e r&striction T'h RHEOPEhJtthSbPradfe 2RApH@nsBREFHHoncRek¥e ot her

hand typical fs&fbiens #fdaktctrési ridenposithrekensraisedléorarteheonms whabi on

and t he sheat hr_eaii@&@ctqhggem ri@sbeg;&qng@@gs%%yh@lyleir}%eg@ngﬁqgetogf911;eCkarpwn and

produced by m xjng %Stoaghl rmrclry[i trioxide as a"flane retardant w _teh a

pol yvinyl chlo- F1dé tesrh, °chiFbT dpr 8RESTRbBefr Yt LRMBEYSs ichated

pol yet hyl ene Féigion of the whklmglianttemnyntr iloxiede, the cpaeei A ifilaane

retardant or aobrgi¥ Reiféane {efprdapfe Vﬁﬂetrﬂlgsﬁgll)eyéggi%ﬁp%’elg}% ylgne-vi nyl
I nc co

acetate ol yger, qr et h bI enepropyl ene rubber . e thes mposi tions
contain ﬁgfogens It Ref lﬁa§g5t$€§ﬁﬂ% Br thrakengté: af ddift sablneecsieduce at
hi gh tenperatures '

On the other hand typical flame-retardant resin composi-
tions used for the insulation and the sheath of electric wires
and cables have been heretofore known and produced by mixing

15 antimony trioxide as a flame retardant with a polyvinyl chlo-
ride resin, chloroprene rubber or chlorosulfonated polyethylene
rubber, or by mixing antimony trioxide, a chlorine flame
retardant or a bromine flame retardant with a polyethylene,
ethylene-vinyl acetate copolymer or ethylenepropylene rubber.

20

Since these compositions contain halogens in their base
resins or flame-retardants, they produce at high temperatures
toxic gases such.as a hydrogen halide gas (hydrogeﬁ chloride
gas, hydrogen bromide gas) and a halogen gas (chlorine gas} in

25 a large amount involving a serious problem in safety. Thus,

) ' products using these compositions are not appropriate to use in
a place where safety is highly required, for example, under-
ground railway, building, ship, nuclear power plant and local
area networks. Furthermore, there is a disadvantage in that the

30 halogen gases and hydrogen halide gases corrode the adjacent
conductor and the like.

In order to improve the conventional flame-retardant resin
compositions in thermal resistance in addition to flame retar-

735 dancy, cross-linking is made on their base resins, for example,



t oxi ¢ gases such as a hydrogen halide gas (hydrogen chl dr ogen
brom de gas) and a hal ogen gas (chlorine gas) in 25 a |§r§%§§ﬁﬁﬁ§ dﬁﬁ

i nvol ving a serious problemin safety. Thus, products using these
conpositions are not appropriate to use in a place where safety is highly
required, for exanple,. under- ground railway, building, ship, nuclear power
pl ant and | ocal area networks. Furthernore, there is a disadvantage in
that the 30 hal ogen gases and hydrogen hali de gases corrode the adjacent

conductor and the like. In order to inprove the conventional
in thermal resistance in addition to

| ame-retar dantpd;’ 1%%4;1'{‘3;1(??18211;0(15 %ﬁ?ﬁedle%oﬁﬁjoeé‘ R -r Cheaicard e SEASS Kok~

flanme retar
exanpl e, 12 Sep‘t”énﬁ%‘? d@oLrep pory atrepkdivekiangdaet deaneprigpykeaersnblen.

Cheni cal cross-tlrleakmedtrlgIﬁ%eel:E&ﬁﬁch em-qagﬁﬁg} %h”& %glugme”“y used
ositiron 1Is

for such treatenpt em cal cross-1linkin
heat -t reat ed bygg?e%rn@natgflrc}) LRGET  a ShFghP eernﬁe?h‘i}h mﬁ?ﬂfftbllrésan% Bifse, and
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beamem tting gE nkg\n ﬁ% lFar at us, Ei t her cross-|
large cross-link-"ing €q HEWAP R THEE GBI Yot bt Hu rhARAR T @dst aBnd
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tion. Wth respﬁgﬂteqhmpxﬁé‘rﬂ: GRIMENGFGER) 1G3BLE, edul) fﬂ@n@fdé‘ésa&? %}2
serious probl emin fghg{ when the inner struct mber s of the cable
BBy rshe=antP EPaobsodintian oty et ohormonape

core such as nmde of pol ye
exposed to flae®-in a flre t hey becone nol -

With respect to the conventional cable, there arises an-
other serious problem in that when the inner structural members
15 of the cable core such as made of poiyethyiene and cross-linked
polyethylene are exposed to flames in a fire, they become mol-
ten and flow as a drip to the surface of the cable where they
are gasified in a high temperature atmosphere and immediately
catch fire, so that the cable burns and makes the.fire larger.
20
Further, cables having the insulation and sheath materials
free of any halogen are inferior in flame retardancy to cables
having those components. For improving t-he cables having a
halogen-free insulation in flame retardancy a great amount of a
25 metallic hydrate, as for example aluminium trihydrate (ATH)
and/or magnesium hydroxide, is blended in them; but this de-
grades the physical and electrical properties of the cable. To
overcome this disadvantage, electrical cables having a two-
layer conductor insulation have been developed. Thus, Swiss
30 Patent 664 230 discloses an insulated conductor which has a
halogen-free inner insulation layer comprising flame-retardant,
halogen-free, crosslinked polyolefin copolymer, and an outer
protective layer comprising a polyamide, a thermoplastic, halo-
gen—free polyester elastomer or a haiogen—free, aromatic poly-
35 -ether. It is known that the polymers of these two insulation

R



ten and flow as a drip to the surface of the cabl e where sified
in a high tenperature atnosphere and i mredi ately catch éggﬁem%ﬁ@t% t he

cabl’e- burns and nmakes the fire larger. 20 Further, cables having the

i nsul ation and sheath materials free of any halogen are inferior in flane
retardancy to cables having those conponents. For inproving the cables
havi ng a hal ogen-free insulation in flane retardancy a great anmount of a
25 nmetallic hydrate, as for exanple alum @ umtrihydrate (ATH) and/or
magnesi um hydroxi de, i's blended in them but this de- grades the physical
and el ectrical properties of the cable. To overcone this di sadvant age,

el ectrical cabl 69 haviTg et WY FERRATIELOAGUCHOPRY ABETRERY. oNiHaidehaen

devel oped. ThussulSwikat 3@epa«tceﬂtayaﬁs4 o236hdieatoses azmsdlr&?e;ubﬁit&ﬁ ne@ngiict or
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outer protectiverl aye %Tﬂ?’f“é?ﬁgar& QR Héposﬁdt%rﬁhﬁpma@mmcahal 0-
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i s known that t:tasl@glougm@Séaf ihhesg st v dpsubatisgn. 12 Septe 2005 5
|ayers are not yery atible wth one an%ot%hlla 258 with DIO% Pe ucedI t"that the

two- | ayers of fhe cor?ﬁf YN AEER alPSkcafh hbeY Ade #fé?léeﬁol@rre\'oanﬁows or
adhere to one &heRshdndepdndepbort yanesanottheat tanmesmded 1hbnkdsaier) her eby

i mposed on t hewhe@haekeAls SnSEESNIGLP; 2 YIS gfé%? e dg.%,ogir :S“f]%'f ations

of the elgetri cal:Lca abI e d| sclosed 1n Sw ss
produced in a "SingrePBAFEEPBn step. Instead, they are applied in two
process steps independent of one another to the netallic conductor,

;m) It is the object of the present invention, starting from
the insulated conductor disclosed in W095/20227, to propbse a
cable which on the one hand is resistant to rodents and/or ter-

15  mites and on the other hand compared with well known halogen-
ated materials is highly flame retardant, less corrosive and
generates relatively little smoke as well less toxic gases when
burned.

20 This object is achieved according to the invention by a ca-
ble having the features of claim 1, i.e. having a core-insula-
tion which generates less toxic gases when burned and which is
a coextrudate and consists of an inner and outer layer. The in-
ner layer consists of a halegen-free, flame-retardant polymer

25 or polymer blend and the outer layer is formed at least par-
tially from a very tough plastic—-coating.

The cable according to the invention is non-toxic for
human, anlmals and insects. This means that the outer layer of
30 . the core-insulation does not comprise any chemical active
agents, as for example insecticides, for the function of pro-
tecting the.cable from termites and/or rodents and that said

layer is essentially a mechanical protection shield.



. which results in substantial disadvantages with regard tp, & ém&%iﬁ%@i cal
production. It is the object of the present invention, starting from the

i nsul at ed conductor disclosed in W95/20227, to propose a cable which on
the one hand is resistant to rodents and/or ter 15 mtes and on the other
hand conpared with well known hal ogen- ated materials is highly flane
retardant, less .corrosive and generates relatively little snoke as well

| ess toxic gases when burned. 20 This obgect is achieved according to the
invention by a ca- ble having the features of claim1, i.e. having a
core-insula- tion which generates | ess toxic gases when burned and which is
a coextrudate and LHfREtageowst eahodimeats afd that eablleagerording tm-thaeind ayer
consi sts of a lahbtien-afreeeridehanerdetas daspenBOhy G2 OF pol ymer bl end and
the outer layer is forned at |east par- tially froma very tough

pl astic-coating. The cable according to the invention is nontoxic for
human, ani mal s and'ien$8tt & tyThest mfahke deae-ttrmletier, liaperanfle3st tdre

core-insulati OhhdoﬁnnemolajHﬁTphiéﬁfdﬁﬂyrﬁgé%nh§ﬁuth%EENﬁtedaggf§ﬁ%rnﬁ§¥£5”
exanpl e insect igides,,f t function of pro- tecting the-cable from
termtes and/or r Odeﬁ?sgéﬁﬁgt%ﬂlé#ecgalfldacﬁoé:f/lg?cel s"”ggs‘él}ﬁ NarPy EgiResEmocal
protection shi 8f9atd Bt SpbNEDTAS & v ant tysba sStwmdedd imstcsNof . ¢.he

cabl e accor di ng0t454t her inkasueiid aheatsxieVt fedtt gohoraddie qdependenty cl ai ns.
The-toxicity tggt,;Qf the core-insulation, 1.e. at least of 5 the inner
| ayer whi_ch conprisés non-hal ogenated polyner-mate rial, can be perforned

in accorddnce with the Navel Engi neeri ng
According to the invention the average toxicity in units

per 100 g of the core-insulation is considerably below the

‘allowable toxicity mazimum of 5 units per 100 g.

i5 In a preferred embodiment the cable is a electric cable.
Said electric cable has a core which comprises a plurality of
current conductors stranded with one another and embedded in

the cylindrical insulation accerding to the invention.

20 In an other preferred embodiment the electric cable is a
three-core cable, in which three electric cables are stranded
with one another. These cables are for example constructed es-
sentially in the same way as the electric cable mentioned
above, each have a core, formed by stranded copper wires and a

25 plastic insulation. The three-core cable is embedded in a cy-

—

lindrical insulation consisting of the inner and outer layers’

according to the invention,

In these cases, the inner layer comprises an aluminium
30 hydroxide and/or magnesium hydroxide as a flameproofing agent
and at least one polyolefin or polyolefin blend as the polymer
component, and the outer layer is a very tough plastic coating
and comprises for example at least partially a polyethylene-
polymer, such as a high density polyethylene (HDPE} .
35



E

St andard Test No. NES-713 and/or with the St andard Test N & %e b&020§§4 for
measuring the toxicity of generated gases during burning. ﬁ ccording to

the invention the average toxicity in units per 100 g of the
core-insulation i's considerably below the -allowable toxicity maxi numof 5

units per 100 g. 15 In a preferred enbodi nent the cable is a electric
cable. Said electric cable has a core which conprises a plurality of
current conductors stranded with one anottrer and enbedded in the
cylindrical insulation according to the invention. .20 In an other

preferred enbodi nent the electric cable is a three-core cable, in which
three el ectric cables BPeesth dh8etnvapitinn ohd fabotither f1aHesereablast are f or

exanpl e const r gobéd Eswersendn alokysijartehgl&ﬂﬁﬁeme%gngg%@Itggt{ljlcglsq:ggl e

nmentioned aboueesnQa) Q yf 0 randed copper W res
25 plastic i nszjhg?l on. T %ﬁiggﬂ%olrng Fé%‘f)lc°r¥%S]e%§88e‘b°}Pﬁ1§chThel CATr i caI
i nsul ati on con §t?‘ﬂ’§r6f:e$ H%?llaﬁﬁ%‘fr‘lyaﬁétblﬁ smokayeer gelhcoasdiogid @atshe

i nvention.5 | n whesewasés,FirltBet NNk bayRS heoMHd %@§fé¥héﬁc@§1ﬁﬂl%? ?
hydr oxi de and/ ef1 B0 [ r a flLa in ent and at [ east
o %Hﬁxglgﬁedqgg ?%%Zpé[ ;r%grsggg E?ﬁgfjor?gﬂ?, SHidetie out er

one pol yol efin or polyolefi
| ayer is a very tough plastic coating and conprises for exanple at |east

(DPE). 35 12 Sapbarbern20io.) Tho.cable ofrs b overt ion Par PR ERe | o
spread Euyg - a%”Bf%d 9 agvfglﬁogg f%e ?wo conductor insulation layers
pplied by means of coextrusion to a stranded copper wire,
in turn consisting of a multiplicity of individual wires, for
) which purpose two starting materials intended for the formation
of the inner and outer layers and comprising polymers belonging
to the above-mentioned classes of compounds are provided. Dur-—
15 ing or after the extrusion, at least the inner layer of the
conductor insulation can be further crosslinked by the action

of high-energy electron beams.

The overall property profile of the conductor insulation
20 according to the invention is fulfilled by a division of func~
tions between the two layers. The outer layer performs the
function of protecting the electrical conductor from termites
and rodents. The inner layer performs in particular the func-
tion of ensuring the flame-retardant and the electrical proper-

25 ties of the conductor insulation.

The outer layer contains no flameproofing agent, the fléme—
retardapt property of the total conductor insulation is pro-
vided by the inner layer. Accordingly, it is important to tai-

30 lor the volume ratio or the thickness ratio of the two layers

to one another.

In a further embodiment of the invention, the polymers of
the inner and outer layers are chosen so that, in the coex-
35 truded state applied to the conductor, they adhere to one an-



smoke generation (or suppression) requirenents of the ingusd ards
whi l e exhibiting ow corrosion and toxicity. The ca- ble gerfgér[rggt}%iﬁag
refatively little snoke as well |ess toxic gases 5 when burned. Further,

t he cabl e has the performances which also fulfil for exanple the I EC
60332-3, BS 6387 and SS299 criteria. An electrical cable of the type
according to the invention can be produced as follows. The two conduct or
insulation layers 10 are applied by neanssBof coextrusion to a stranded
copper wire, in turn consisting of a nmultiplicity of individual wires, for
whi ch purpose tjrg starti materials intended for the formation of the

i nner and out er” Tayets *ARPEGHEr FLiMG poriheer anbdboagimyease the me-

above- ment i oneberagsle sbodsivonpesixdsnas coPrebvi seduciE 3uhagi . after the

extrusion, at lieaséadeNené MiRkshayorlofNge £oDAUGLOL [ nsul ation can be
further crossl 953?'9115¥Ft5hw§1ﬁac§f1é§” , o?é%%gi -geng?fggygf%c}ﬂ%x‘%eaﬁqomrhe
overal | proper profi . ’E‘Hﬁ duct®fingns | -BEbron20 9aoups digtyetn t he
invention Ps f&Peildvedsbycaa diditsionnldf Heumgxéd @Ashbaiaveenithe: ty | ayers.
The outer | ayepoDgichObfBHehennd UG L.P'%rﬁ:] r oL EGL the electrical
conduct or fron%}%(grorgtge_swgndn? oden_?s. é/O?n?\%% a};cagtgarStpé)PFo???ﬁpci‘Wd of
particul ar the func-" ti bf ensuring the flanme-retardant and the

~electrical proper 25 ties of the conductor insulation. The outer |ayer

contains no flanephopd iRge AAGHo; fl - fetardant property of the total
conduct ory j nsyl,ati.on_is B?o- vi dé Qrgty Otfﬁgﬁ? nlnngfrenf%"’ipér FRﬁcg‘B?HﬂuﬁﬁFy?f it is
important to tal. 38 TP ENMEAR dAECFREES ehotate shitdlatietke rt iof ohethe two

layers to onenghdtbiem isn> &, Bur therreanbodi sentawfe WhAEch NVENIRN oL RE
polymers of  tdhieei Aneknald QURTs| AYCER 365£B0501 50, [hat, TN the coex
Suitable polymers for the formation of the inner layer in
15 the context of the invention are the foellowing:

- polyethylene copolymers, such as, for example, ethylene-
vinyl acetate (EVA), ethylene-methyl acrylate (EMA),
ethylene-butyl acrylate (EBA), ethylene-ethyl acrylate
(EEA), ethylene-propylene rubber (EPR), ethylene-

20 propylene-diene (EPDM);

- polyethylene homopolymers, such as, for example, very low
density polyethylene (VLDPE) having a density of < 0.920
g/cm’; .

- maleic anhydride {(MAH) terpolymers based on EVA, EMA, EBA,

25 EEA, EPR, EPDM or PE; and
- - glycidyl methacrylate (GMA) terpolymers based on EVA, EMA,
EBA, EEA, EPR, EPDM or PE. '

The starting material serving for the formation of the
30 inner layer has, as an essential component, one of the above-
mentioned polymers or a mixture consisting of at least two
polymers of this type.

In addition to the at least one polymer, the material of

35 the inner layer comprises large amounts of halogen-free flame-



35 truded state applied to the conductor, they adhere tq2qﬂgn
Sept enber 2005 8 other or are bonded to one another and thu |ncrease t he
me-  chani cal abrasion resistance of the conductor insulation. To increase
t he adhesi on between the two |ayers further, a com patibilizer which
permts linking of functional groups between the layers, can additionally
be m xed with the at | east one polyner of the inner |ayer and/or the at

| east one conpound of the outer layer. Im an ot her enbodi nent of the

i nvention, the compounds of 10 the inner and outer |ayers are chosen, so
that the pH of the_insulation is > 4,3. The result is a cable which is |ess
corro- sive and®WIEEHY fAACRES s SURR BN 50D 6FampBe ¢ rd e houm hSdicvabiee opol yner s

for the formatimwnesidhaybnneide| ayel smauélrSahb@n&OBTfeﬁdﬁ vkBe dyuyension
are the fol |l owag; P£Ha)ﬁ%hyrll po such as, for exarrpl e, ethyl ene-
vinyl acetate (C A, et hy nﬁ:{}(8 Sgékr)ﬂlsite@s‘( ENRFeSS Bt gshetantey |

acryl ate (ERA), }/’r é‘ge%?ﬁﬂtsa Icatlﬁllf(gEE@&ntset hyl ene- pr opyl ene rubber

(EPR), eth¥lene 20 propyl ene-di ene (EPDM ; polyethyl ene honopol ynmers, such
as, for exanple, very;ihow £ | y.et h Iene VLLDPE) having a density of
< 0.920 g/cnB: rmbeé;ﬁé an:}/ ﬁﬁﬂl% Ef& i tér PoI Y Sre%%r t?)a\’feamb?lt EEST EMA,

EBA, 25 EEA, EPR PESHIR BE: f‘alri‘(?WQFym dyl rret hacryl ate (GVA) terpol yners

based on EVA, EIVA 30EBRS lcEzEAeld&RRpf%]‘ﬂn@E BPndlhe starting materi al
serving for the fOM@B§0%”ByOLe£JH% of aluminivm hydroxide (ATH)

10 0-10% by weight of additives

wj The outer Yayer consists of a very tough plastic coating.
The following have proved to be materials particularly suitable
for the formation of the outer layer in the context of the in-
15 vention:
- Vvery tough polyester elastomers, such as polyether-
polyesters, for exampie Hytrel (Du Pont);
-~ very tough pblyethylenes as for example high density
polyethylenes (HDPE); and
20 - copolymers and polymer blends of polyethylene.

Examples of HDPE are the following:

HDPE Density-MFI (190/2.16)
3 Lupolen 6021D HDPE 0,960 - 0.2
. Lupclen 6031M HDPE 0.964 - 8.0
NCPE 1101 HDPE 0.965 - 7.5
Vestolen A6013 HDPE 0.959 - 2.0
Vesolen A6012 HDPE 0.958 ~ 0.9
25. Is the outer layer made from polyethylene, latter has a

density which is at least 0,9 g/cm®, for example at least
0,92 g/cm® and preferably at least 0,93 g/cm’.

The starting material serving for the formation of the



30 inner layer has, as an essential conponent, one of thg §Q@ FBiys oned
pol ymers or a m xture consisting of at |least two polyners o ﬁes type. In
addi.tion to the at |l east one polyner, the material of 35 the inner Iayer
conprises |arge amounts of hal ogen-free flane 12 Septenber 2005 9 proofing
agents, such as, for exanple, alum nium hydroxide or nagnesium hydroxide,
and smal l er anpbunts of additives, such as__antioxidants, hydrolysis
stabilizers, processing assistants, cros%?inking agents and coupling
agents. 5 A guide fornulation for the nmaterial for the inner |layer may be

defined as fol I@y@r 0 r h f L r.blend 40-70% b ght of
i § élpébm% ilg%ll /é%% 89 r%meafl VL (R T SS aTHEY-‘BEﬁrersel“ayer

alunlnlun1hydr 3
consists of a ver B@cp?? PPastd & Eﬁ%tqwﬁggroum;e P |owichgnhamaeeptadvedrt o be
material s partits arter duveabiey hbwverhelfommmbi ket BE QUILL.d RYEr i N

the context of dohomips k3 MEOT I£QR; r ugh pol yester el astonmers, such
as pol yether polyesters, For exarrnﬁ tehe\ég %/ ?u%(sDu Pont).; - very tough

pol yet hyl enes as for exanpl e high den5|ty pol yet hyl enes (HDPE) ; and .20 -

copol yners and pol Buwshebhensls tbé qoleyelind:ene. tixavnbesc2f 1 HROE ALE the
fol l'ow ng: HDPEBeSSdiny M5! tdel 9062, ci8) Lipahen 892 1DHDPE 0. 960-

G comprise relatively small
amounts of additives, such as antioxidants, hydrolysis stabi-

lizers, processing assistants and crosslinking agents.
10
According to the invention, the at least one polymer of the
a‘jﬁ inner and/or ouwter laygr can pe radiation-crosslinked, for
example by using a dose of 10-25 Mrad.
15 It should be pointed out here that the above-mentioned for-
mulations for the conductor insulation according to the inven-
tion represent only a selection of several possible embodiments

and can be modified in various respects in the context of the
invention.
20



Lupol en 6031MHDPE 0. 964- 8.0 NCPE 1101HDPE 0.965- 7.5 Vegi&l88m DPE
0.959- 2.0 Vesol en A6012HDPE 0.958-- 0.9 25 Is the outer |ayer nade from
pol'yethyl ene, latter has density which is at least 0,9 g/cnB, for exanple
at least 0,92 g/cnB and preferably at least 0,93 g/cnB. a The starting
material serving for the formation oflXhe 12 Septenber 2005 10 outer |ayer
conpri ses, as an essential conponent, a polyner se- |ected from one-of
these two groups. The starting material for the outer |ayer may however

al so be a mxture of at least two polyners selected fromthese groups. 5
Furthernore, the outer |ayer of the conductor insulation according to the
i nvention may al so conprise rel ati V@M%l amounts of additives, such as
antioxidants, hydrolysis stabi- |izers, processing assistants and
crosslinking agents. 10 According to the invention, the at |east one

pol ymer 1-of thEampreiardapheptin coprrising ayie cernsusUupdesl it aninsdlirbersiaverked, for

exanpl e by Qﬁému%tig@@@ep&onq&is%;wrad. 15 I't should be pointed out here
t hat the above-nentionéd for- mulations for the conductor insulation

accordi ng to thed} RRERaYer syopRging terore ihg ingeslayerdeimead offa Ralegenafregpossi bl e
enmbodi ment spolRer &oifpriktgrBR st 61tk pdlydlehi Sitha fisiRe BRlcfing BgdMeeakext of the
' nvention. proofing agent comprising aluminium hydroxide andfor magnesium hydroxide;
an outer layer surrounding the inner layer formed of a termite and/or rodent
resistant plastic material; and
a compatibitizer provided in at least one of the inner or outer layers for
increasing adhesive stréngth, wherein the inner and/or outer layers have a toxicity

index less than five units per one hundred grams.

2. A cable according to claim 1, wherein an active agent capable of protecting the cable
from termites and/or rodents, is absent from the outer layer.

3. A cable according to claim 1, wherein an insecticide is absent from the outer layer.

4. A cable according to any one of the preceding claims, wherein the wire core is
capable of conducting current.

5. A cable according to any one of the preceding claims, wherein the inner and outer
layers are coextruded.

6. A cable according to any one of the preceding claims, wherein the plastic material
of the outer layer is a polymer.

7. A cable according to claim 6, wherein the outer layer comprises polyester elastomer.

8. A cable according to claim 6 or claim 7, wherein the outer iayer comprises
polyethylene.

9. A cable according to claim 8, wherein the density of the polyethylene is at least 0.9

glom?’.



20 12 Septenber 2005 11 CLAIMS A fl ame-ret ardant cabl e Cﬁy@@
core surrounded by an insulation layer, the insulation r corrp
an-inner |l ayer surrounding the core, the inner |ayer forned of a

-hal ogen-free polynmer conprising at |east one polyolefin and a flane

proofing agent, the flame proofing atent conprising alum nium hydroxi de
and/ or magnesi um hydroxi de; an outer |ayer surrounding the inner |ayer
formed of a termte and/or rodent resistant plastic material; and a
conmpati bilizer provided in at |east one of the inner or outer layers for

i ncreasi{mg ayers have a
tomm?iy(jq |§gE§§ é@% @hgﬂgg?véﬁﬁﬁﬁ §H5@$8mhaﬂﬁéméﬁégﬂ&mPHbﬁg@E

according to claiml1, wherein an active agent capabl e of protectlng the

cal o akcor db gk aCarARGIEbat g Widtein e ARGRYRM 8BS B8R B0 e "out er

| ayer. 4. A cabl e according to any one of the preceding clains, wherein the
wire c SA PR t to any
one of 0{ e pr ecedi ng ﬁi:@m%ﬂ{)@mgbf {;}Qm%%{]téqlﬁ' hvﬁheer%'g'%aféggtoeﬁﬁ aoﬁ;ﬁ-g;réjbﬂﬂs

coextr uded r@lynﬁerfa:abﬂhe ogiter daver nothednremyayenareafrogsHinkpdecedi ng cl ai ns,

wherein the plastic material of the outer layer is a polyner. 7. A cable
according to claim®6, wherein the outer |ayer conprises polyester

el ast oriigr . &\ cableadsbrdingde oneldiiie preceding chidis ovherdinithe pH ofthenrsulatiohe out er

| ayer conpri lhene. 9. ~A cable according to claim8, wherein

t he denS|tyk§%§sﬁg&%§ﬁ§2¥hylene is at least 0.9 12 Septenber 2005 12



~10. A cable according to claim8, wherein t he pol yet hyl gng_i GRSt 0.92
~g/cnB.  11. A cable according to claim8, wherein the 5@?@%?%?3%%% I's at

| east 0.93 g/cnmB. 12. A cable according to any one of clains 6 to 11,
wherein at |east one or nore of the polyners of the outer |ayer or the

i nner |ayer are cross-linked. 13. A cable according to one of the preceding
clainms, wherein the pH of the insulation3 layer is nore than 4.3. 12

Sept enber 2005pi3ne H-aPB 481 Ar dant e W th r.ot ecti.on-shi el.d agai nst
rodents and/or termtes ABST eﬁq@%‘@ﬁ%ﬁ%ﬂi@@uﬁ e gygga&{)‘ﬁ%uct or

i nsul ati on whose in ner |layer consists of a halogen-free, flame-retardant
pol ymer 5 and whose outer |ayer at |MsSRATgrtly conprises a tough plastic

coating. The insglati is.on th ne hand resistant to rodents and
termtes and on thé;1 dgtgﬁgré%saﬁddglgbnjgeaﬁé‘éfew THAREEPT KT 2 haP génae eth~

i nsul ati on- mE€&r Y KPeyhtsts kdne hadcgedafteandlahesstGeHEOS i pR yndhe
overal | ropentlywipssef bh&e@fla';yﬁg e&@SLlé!a@UlQ&tlJyoc@ﬁ;[Qﬁ{s@an {:81 € Lovention
is-fulfill edcggt%ﬁi fvf'hgi on.qf func ti on? between the two la r &7 2Fhs out er
| ayer performs the functton 6t prt 8t Hiy e hend ctasiehpnt didaetents r om
yer performs the " | _ i

the ter- nit@88ddifdTisaemnsl ofhehe mider| byet cpephosdrsiitn part iwolkar the
function of abuydnagetnendulaneos Gledants Mnb)er ALECLLEGAlant! 2B OPCT LI €S
0 t,_e condugt or do@%géf“é.the overall property profile of the insulation
10 according to the invention is.fulfilled by a division of func-

tions between the twq layers. The outer layer performs the'

function of propgcting the electrical conductor from the ter-—

mites and rodents. The inner layer performs in particulaf the

function of ensuring the flame-retardant and the electrical

15 properties of the conductor insulation.



