1 MICA-BASED STRIP 5Field of the Invention The present invention relates to a multi-layer
strip comprising at least one mica layer, to the use thereof as electric insulating layer and to an electric
cable comprising said strip. 10 State of the Art The particularly desired characteristics of sheaths
for high-performance electric cables are lightweight and small diameter, good resistance to piercing, to
arc tracking and to abrasion as well as good heat stability, low flammability, insensitivity to water and
usual solvents, and 15 smooth outer surface contour. Mica-based strips have often been used to
insulate wires or electric cables optionally in combination with one or more polymer layers. Mica paper
is effectively known for its excellent thermal and dielectric properties which impart good fire resistance

to the end product containing 20 mica paper and allows hiah insulating values to be obtained. Mica

paper also has high chemical stability agai
promoting hydrolysis.

Rhemical products including those
At industrial level, strips made of mica paper are manufactured from mica

paper prepared in the manner descr_ibed hereafter. The mica is 25 placed in suspension in pulp form

in water, then tr

er by filtering and drying using machines similar to

conventional paper machinggidiipdyastist ebtrineditaled BismmABgEralttTspRsHRrises 100 %
mica and is in the form of sheets of grammage between 25 and 360 g/m2. The sheets can then be

wound contlnuoL]@@PEHB%@iﬁaﬂl\%\’ﬁfrﬁ?&hg(}'%me%fe@é@'%ﬁ@h@sqﬁ'%@yﬁéﬁﬁﬂéﬁr?”
advantageously br:éiieregptedmithsaideast @mgoresin preferably organic or silicone. The impregnated
mica paper may optionally be laminated onto a substrate 2 which can be of any type and in particular
may be in the form of a glass fibre fabric or in the form of a polymer sheet or film. The mica product
thus laminaggd ngpagPEpEsd e wound. Document US '4,286,010 teaches the combination of mica -

paper
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The particularly desired characteristics of sheaths for high-
performance electric cables are lightweight and small diameter, good
resistance to piercing, to arc tracking and to abrasion as well as good heat
stability, low flammability, insensitivity to water and usual solvents, and
smooth outer surface contour.

Mica-based strips have often been used to insulate wires or
electric cables optionally in combination with one or more polymer Iayeré.
Mica paper is effectively known for its excellent thermal and dielectric
properties which impart good fire resistance to the end product containing
mica paper and allows high insulating values to be obtained. Mica paper
also has high chemical stability against a broad range of chemical products
including those promoting hydrolysis.

At industrial level, strips made of mica paper are manufactured
from mica paper prepared in the manner described hereafter. The mica is
placed in suspension in pulp form in water, then transformed into mica
paper by filtering and drying using machines similar to conventional paper
machines; the product obtained, called mica paper, at this stage comprises
100 % mica and is in the form of sheets of grammage between 25 and 360
g/m®. The sheets can then be wound continuously and be in the form of
spools. Before winding, the mica paper can advantageously be
impregnated with at least one resin preferably organic or silicone. The

impregnated mica paper may optionally be laminated onto a substrate



5 with a glass scrim reinforcement bonded with an elastomer impregnant, a polybutadiene, applied in
the form of a solution in toluene. This impregnant is applied both to the mica paper and to the glass
scrim. The two layers are then placed in contact and the impregnating solution impregnates the mica
paper and the glass scrim simultaneously allowing the bonding of the two 10 layers. The product
obtained is in the form of mica sheet or tape and theréfore comprises a layer of polybutadiene inserted
between the mica gg; er layer and the glass scrim. Document US 4,704,322 also teaches the

[

use of an epoxidi¥ Geafhgm8PmRIG0F (ThRadEHiAr Aeaydiad Hiehfarshebiosiatsa 15 paper.
The impregnatingiiselylincdsapplied iaalldhg gradosmast By e Mina RARSRGGURaKIgSs scrim

during or after the placing in contact of the two layers. The structure is therefore in the form of a

product having alRBFBEILERY SPHsliae &M mica paper and forming a bond with the scrim. It is

also to be noted that since gJaggraeHMIHaye 8 PRER SHREEUR oniMniafBreanatdsapslly able to
migrate towards the outer surface of the glass scrim substrate. On this account, the free surface of the

mica paper may B SneRsh SR IRRLTERRHSANgd With @R IR MR BRI A oBtained or
when taping the igoatadiRee eplpifed HsmaaiatsereahigtRmhiesion oh&ha RKcRnsRe Re the

conductor intended to form the cable to 25 be insulated, and subsequently may be the cause of
inFl{-a

defects when strigARE EHREN dd FBIRA VP60 9N Y e SHaBHISEE R -Wine SWedARI&it e cable
comprising two insyRRE &Y R O BEER OREENRIH SNSRRY SIngch Mg dayetel Bidknicihe

thermoplastic polymer having the highest known 30 temperature resistance during continuous use and

has the best fire FEEEIM NRFHESHE IR SR URARRE ) MRS R SREIBES TR Hgh cots,

difficult to aiply aagbrequires pighhcsrasiatisadisqrinmenbrin Sragiiiorhthe Pethgaiealproperties of
this material are carce!é adapted for this ty f application (cable taping). It is also known to

e
disperse mica flakEEGRR ENIREESS pre nys‘?r%VQHtﬁﬁ HSEESE PRV Ee e MR suspension

or solution. paper layer and the glass scrim.

Document US 4,704,322 also teaches the use of an epoxidized
impregnating material for glass scrim, associated with a sheet of mica
15 paper. The impregnating solution is applied to all the layers formed by the
mica paper and the glass scrim during or after the placing in contact of the
two layers. The structure is therefore in the form of a product having an
epoxy resin on the surface of the mica paper and forming a bond with the
scrim. It is also to be noted that since glass scrims have an open structure,
20 the impregnant is easily able to migrate towards the outer surface of the
glass scrim substrate. On this account, the free surface of the mica paper
may be contaminated by the impregnant e.g. during spooling of the product
obtained or when taping the tape around a cable. This may also lead to
adhesion of the mica tape onto the conductor intended to form the cable to
25  beinsulated, and subsequently may be the cause of defects when stripping

cables.
Document WQ02009/147417 describes a wire or conductive
cable comprising two insulating layers of PEEK optionally encapsulating a
mica layer. PEEK is the thermoplastic polymer having the highest known
30 temperature resistance during continuous use and has the best fire
resistance among the class of fechnical polymers. Nevertheless, it is of high

cots, difficult to apply and requires highly specialised equipment. In



5 Japanese document JP-60/253 105 A2 describes metal wires (described as resistant to dielectric
breakdown and resistant to piercing) formed by applying onto a conductor a 28 pm layer of a mixture
comprising an aromatic polyimide and 1 to 33 % mica particles. Mica is present as a filler, in particular
in the form of dispersed particles and used to reinforce the 10polymer. Aims of the Invention

The present invention aims to provide a mica strip inténded for taping electric cables which does not
have the disadvantages of prior art 15insulating tapes. In particular, the present invention aims

to propose a micadsdiuy thsurgritppicriurioratieg MighisrenaisrehAte scarcelyr pdaestiarinvention
also aims to propAge e tippinitRINNIchHIEispassiPle to replace the use of substrates currently used

such as glass 20 silk or scrim by a lower cost material that is easy to manufacture but having
equivalent or better flame pérfoptsarieomakHEIRITaR MRS T I RAWVIRR Woisalby bite.

Finally, the presegyiipyesiopRime et the niksLiREREBNCRIBEENERM (R SUAEESRIve turns of

the taped product forming the 25cable, a problem that is often encountered with the currently used

tapes or sub3traté2Paees Hacametes RPFSHIID Asharserives Batd gt (esgiasiantion. 30
Summary of the aupnsian TENQIBIESHR! IBNEIRAFPNSRINRIHIAMTABINY) GBRRising at least

applying onto a conductor a 28 um layer of a mixture comprising an
aromatic polyimide and 1 to 33 % mica particles. Mica is present as a filler,
in particular in the form of dispersed particles and used to reinforce the

10 polymer.

Aims of the Invention

The present invention aims to provide a mica strip intended for
taping electric cables which does not have the disadvantages of prior art
15 insulating tapes.
In particular, the present invention aims to propose a mica-
based insulating product having high fire resistance.
The present invention also aims to propose a solution with which
it is possible to replace the use of substrates currently used such as glass
20 silk or scrim by a lower cost material that is easy to manufacture but having
equivalent or better flame performance than that of the materials currently
used as substrate.
Finally, the present invention aims to prevent the risks of
adherence between the successive turns of the taped product forming the
25 cable, a problem that is often encountered with the currently used tapes or
substrates.
Other advantages will become apparent in the description of the

invention.

30  Summary of the Invention

The present invention concems a multilayer strip (1) comprising

at least:



4 an essentially mica-based layer (3); a polymer layer 2 comprising 60 to 85 % by weight of a
mineral filler (4) and 15 to 40 % by weight of a polymer. By " essentially mica-based layer " is
meant a mica layer 5optionally comprising small amounts of impurities and optionally associated with
an impregnating resin. By impregnating resin is meant a resin added by capillarity to the mica
paper after the forming thereof. According to freferred embodiments of the invention, the
10multilayer strip comprises at least one or any suitable combination of the following characteristics:
said polymer is selected from HeaseripiebinsMsmy a3bIgPRITiS)polyester (in particular PET and its

copolymers); polyamide (in pagt E%@;nPeA eﬁ@%&rﬁ%ﬂsvﬁg“?ﬁo )tgrggk@logﬁn%%]mogfoéeﬂns (in 15

particular PVC, PVDF and PTF o ymer is a polyolefin selected from the group
consisting of poIf@W@h@'%d@b@Bﬁy@ﬁé’ %d@l?ﬁ‘é‘ﬁ@ﬂbﬁf@lﬁﬁéfﬁﬁﬁ copolymers of ethylene and an

alpha-olefin comprising 3 tog cerlb@aBinially micdltROl AR i5 3OMEIYINGAER 1 [y@lﬂe of
polyethylenes 20of different densities; the polymer comprises (consists of) H
5  optionally comprising small amounts of impurities and optionally assocaated

with an impregnating resin.

By impregnating resin is meant a resin added by capillarity to the
mica paper after the forming thereof.

According to preferred embodiments of the invention, the

10 multilayer strip comprises at least one or any suitable combination of the
following characteristics:

- said polymer is selected from the group consisting of
polyolefin, polyester (in particular PET and its copolymers); polyamide (in
particular PA6, PAG.6, PA11, PA12, ...) and halogenated poiyolefins (in

15 particular PVC, PVDF and PTFE);

- the polymer is a polyolefin selected from the group consisting
of polyethylene, polypropylene, copolymer of propylene and copolymers of
ethylene and an alpha-olefin comprising 3 to 8 carbons;

- the polyolefin is a polyethylene or a mixture of polyethylenes

20  of different densities; |

- the polymer comprises (consists of} HDPE;

- the essentially mica-based layer is a layer of mica paper,
optionally impregnated with a resin;

- the impregnating resin of the mica layer is silicone-based;

25 - the essentially mica-based layer (3) is laminated to the
polymeric layer {2) by means of an adhesive, said adhesive preferably
 being an adhesive of silicone type;

- the mineral filler is selected from the group consisting of
calcium carbonate, calcium sulphate, barium sulphate, aluminium silicate

30 (hydrated such as kaolinite for example), alumina, aluminium hydroxide

(ATH), magnesium, zinc oxide, mica, chalk, talc, titanium dioxide, silica,



the essentially mica-based layer is a layer of mica paper, optionally impregnated with a resin;

the impregnating resin of the mica layer is silicone-based; 25 - the essentially mica-based layer (3) is
laminated to the polymeric layer (2) by means of an adhesive, said adhesive preferably being an
adhesive of silicone type; the mineral filler is selected from the group consisting of calcium
carbonate, calcium sulphate, barium sulphate, alumirffum silicate 30(hydrated such as kaolinite for
example), alumina, aluminium hydroxide (ATH), magnesium, zinc oxide, mica, chalk, talc, titanium

dioxide, silica, 5% (SHER a3DePEHiRRIEr MorMRStMERIeNgssdigspidditoiaienablsthite and

mixtures thereofydhsiminarRl flierieselfgtast from the group consisting of calcium carbonate,
diatomite (kieselguhr) and/or silica and mixtures thereof; 5- the polymeric layer has a porosity (5)

comprised between 40 and 759 Byi06amElgfereig bR SOand 8eueBYSIBi®ed the porosity
of the polymeric lay(gf,2)d5rBb ARBCABRANRIBOIGIBIIS 4AYRs (2N RS RARIPSEs.aregrpling agent

allowing the coupling of the mineral filler with the polyolefin; 10- the coupling agent is a silane,
preferably abeta-(3,4- epoxyciRERREKFERIAYE pipsiy (5) comprised between 40

and 75 % by volume, preferably between 50 and 60 % by volume;
- the porosity of the polymeric layer (2) is of closed type;
- the polymeric layer (2) further comprises a coupling agent
allowing the coupling of the mineral filler with the polyolefin;
10 - the coupling agent is a silane, preferably a beta-(3.4-
epoxycyclohexylethyl trimethoxy-silane.
A second aspect of the invention concerns an electric cable
comprising a conductive core, an intermediate sheath formed by taping a
multilayer strip according to the invention described in the foregoing and an
15 insulating polymeric outer sheath.
A third aspect of the invention concerns the use of the multilayer

strip according to the invention for taping an electric conductor.

Brief Description of the Figures

20 Figure 1 schematically illustrates a cross-section of an example
of mica strip according to the invention.
Figure 2 schematically illustrates a cross-section of a cable
insulated using a mica strip of the invention.
Figure 3 is a side view of a cable around which mica strip of the
25 inveniion is wound, the insulated cable comprising an additional coating
layer.
Figure 4 shows a cable comprising two conductors whose
insulation is reinforced by a mica strip according to the invention.
Figure 5 gives the comparative results of exposure to flame
30  using the BS6387 cat. C flame test. |



A second aspect of the invention concerns an electric cable comprising a conductive core, an
intermediate sheath formed by taping a multilayer strip according to the invention described in the
foregoing and an 15insulating polymeric outer sheath. A third aspect of the invention concerns
the use of the multilayer strip according to the invention for taping an electric conductor. Brief
Description of the Figures 20Figure 1 schematically ifustrates a cross-section of an example of mica

strip according to the invention. Figure 2 schematically illustrates a cross-section of a cable
insulated using a mica stripfd@#ie iAveRaws. the deformaiirnz siRyaidasviRWWICHRAE #8und which

mica strip of the Zgipéentiqayis wepng, thesipsidated sabieseMPNisiRY aR adgdiionalgealing layer.
Figure 4 shows a cable comPrising two conductors whose insulation is reinforced by a mica strip
according to the iRGentiph™ 100). Figure 5 gives the comparative results of exposure to flame 30
using the B86387 cat. C flame test. 6 Figure 6 shows the deformation curve, as a function of

the applied load of a polymeric substrate used in the Examples (EcoprintTM 100).
5 Key o the Figures

1. Multilayer mica strip
2. Polymeric substrate layer
3. Mica paper
4. Mineral filler
10 5. Cavity (closed porosity)
6. Cable insulated with a mica strip
7. Conductor
8. Additional insulating layer (insulating sheath)
9. Assembly layer
15
Detailed Description of the Invention
The present invention concerns an insulating muttilayer strip 1
chiefly used to insulate electric cables. These strips are generally helically
wound around these electric conductors to ensure the insulation thereof.
20 The strip of the invention comprises an essentially mica-based

layer, preferably in mica paper, whose fire resistance is particularly high.
Mica paper is used for its electric insulating properties and heat resistance.
Preferably, the essentially mica-based layer is mica paper. By
mica paper is meant a sheet of mica obtained by filtering an agueous
25  solution of exfoliated mica, the filirate then being dried. This mica paper is
preferably impregnated with a resin improving its mechanical properties and
optionally its water resistance.
Preferably, the resin impregnation represents between 5 and
30 % by weight of the layer of impregnated mica paper. Preferably, the
30 impregnating resin represents 9 to 22 % by weight of the impregnated

paper.



5 Key to the Figures 1. Multilayer mica strip 2. Polymeric substrate layer 3. Mica paper 4. Mineral filler
105.Cavity (closed porosity) 6. Cable insulated with a mica strip 7. Conductor 8. Additional insulating
layer (insulating sheath) 9. Assembly layer 15 Detailed Description of the Invention The present
invention concerns an insulating multilayer strip 1 chiefly used to insulate electric cables. These strips
are generally helically wound around these electric c@dnductors to ensure the insulation thereof. 20
The strip of the invention comprises an essentially mica-based layer, preferably in mica paper, whose

fire resistance is particularlytisgtotRicaidperneirisadoning erpeiemainat iy propbenednand heat
resistance.. Sﬁgg&g{@é}l&(lm@%ﬁkmﬁgmggf@g%mp@@%%hggtwmr is m_eant a
sheet of mica obtained by filtering an aqueous 25 solution of exfoliated mica, the filtrate then being
dried. This mica PASESRE SageralsH impregateto Rl dnetriiiRdviag it hrinameagiedperties and
optionally its walgfiseShes&Cforms a continuous phase, allowing good mechanical strength
5 t{o be maintained even over and above the softening or degradation
temperature of the impregnating resin.
Preferably, the mica paper of the invention has a grammage
(weight per surface unit) of between 20 and 400 g/m®% More
advantageously, between 75 and 360 g/m?.
10 In the present invention, the mica paper is mechanically joined to
a polymeric layer 2. This layer may be bonded using an adhesive or any
other means known to those skilled in the art (e.g. exirusion coating).
This polymeric layer comprises a high content of inert mineral
filler. This filler represents at least 60 % by weight of this layer, preferably at
15 least 70 % by weight and advantageously about 80 % by weight of the
polymeric layer. This filler particularly provides sufficient mechanical
strength in the polymeric layer by preventing the formation and detachment
of drops during the melting of the polymer matrix up until complete
carbonisation of this layer. The filler also allows reducing the migration of
20 conductive degradation producis across the mica paper, which allows
improving the dielectric fire resistance properties of the strip obtained.
By polymer layer or polymeric layer is meant a layer with a
polymer matrix optionally comprising usual additives. This layer may also
be described as a mineral layer comprising a polymeric binder, the binder
25 forming a continuous phase.
For easy application of this polymeric layer 2, preferably the filler
does not exceed 85 % by weight of the polymer tayer. Ideally, this mineral
filler does not exceed 80 % by weight of the polymer layer.
The used mineral filler is preferably selected from the group
30 consisting of calcium carbonate, calcium sulphate, barium sulphate,
aluminium silicate (hydrated such as kaolinite for example), alumina,

aluminium hydroxide (ATH), magnesium, zinc oxide, mica, chalk, falc,



Preferably, the resin impregnation represents between 5 and 30 % by weight of the layer of
impregnated mica paper. Preferably, the 30 impregnating resin represents 9 to 22 % by weight of the
impregnated paper. 7 It is noted that the preferred mica paper obtained by filtration and
subsequent impregnation with a resin differs from the mica sheets obtained by dispersing mica in a
polymeric resin in that the mica in the impregnated m&a paper forms a continuous phase, allowing
good mechanical strength 5 to be maintained even over and above the softening or degradation

temperature of tHéaRpRegRRkidEresiica. claprdfdiablyathdriteniaps ofwaimestiasicas a
grammage (WeighRefSHIfaeREHEL T SenemAd and 4Pfkeaireg. Mersadvariageqysly,petween 75

and 360 g/m2. 10In the present invention, the mica paper is mechanically joined to a polymeric layer 2.
This layer may b@B@ﬁGb@i‘%i@Wﬁ%sﬁ%ﬁ%n%ﬂ%ﬁamwﬁi@t@ﬁﬁv&%ﬁﬁ&@@km@ @ the art (e.g.
extrusion coatingyicgz.  This polymeric layer comprises a high content of inert mineral filler. This filler
represents at least 60 % by weight of this layer, preferably at 15 least 70 % by weight and

advantageotsly about 80 %d B§ fEgRaldfliplipERPHeRYIESRaNthIS ildhp RtRLMmpRidefids sufficient
mechanical strength dp theypabaTiericdayermyrPreventing thedrrmsiionaad Qﬁ‘tﬁphq@anﬁm drops

during the melting of the polymer matrix up until complete carbonisation of this layer. The filler also
allows reducing ReVATAaREHSYY ESedriucivE degradation products across the mica paper, which

allows improving the dieleciiigcfifR#98i5taReeRIRSIiREIAh e &b ABLAIARRral fireB)spolymer layer

or polymeric layer is meant a layer with a Folymer matrix optionally comprising usual additives. This

layer may also b8%8&R$HERas 8mhAesH [HB7es chprfsitiRyaspdipniseiterRbe the URrde 05 forming a
continuousfghasgnort fibrEQaRAS-ERRNCAtIBN Ahidlie QOISR BapigiarakinEig dligs does not

exceed 85 % by weight of the polymer layer. Ideally, this mineral filler does not exceed 80 % by weight
of the polymer |a§;g}_much rigidifying of the strip (low stress transfer at the interface).

To reduce the density of the strip 1 and to improve its
mechanical properties, the polymer layer 2 preferably has high porosity in
the form of numerous cavities 5. This porosity is characterized by the ratio

15 between the bulk density of the polymer layer and its theoretical density.

The improvement in mechanical properties chiefly consists in
achieving a yield point elongation (gy) of the polymer layer 2 that is as low
as possible, compatible with the subsequent taping operation. Preferably,
this yield point deformation is lower than the elongation at fracture of the

20  mica paper 3. Indeed, if the yield point elongation of the polymeric substrate
2 is too high, this substrate could mask continuity defects in the underlying
mica 3 when winding the strip around a cable 7 to be insulated. This
masking of defects could lead to a risk of major defects in the cables
insulated with the strip of the invention.

25 To adjust this elongation at fracture, it is possible to optimise
both the porosity and the concentration of mineral filler. One advantage of
the use of a porous polymeric layer is that a reduction in elongation at
fracture is obtained without reducing the flexibility of the polymeric film.

This porosity also allows a reduction in the density of the carbon

30 layer resulting from extended exposure to a flame, and hence reduces the

heat conductivity of the insulator.



The used mineral filler is preferably selected from the group 30 consisting of calcium carbonate,
calcium sulphate, barium sulphate, aluminium silicate (hydrated such as kaolinite for example),
alumina, aluminium hydroxide (ATH), magnesium, zinc oxide, mica, chalk, talc, 8 titanium dioxide,
silica, clay (such as bentonite or montmorillonite), kieselguhr (diatoms) or dolomite and mixtures
thereof. Preferably, the mineral filler comprises calciu¢h carbonate, diatoms (kieselguhr) and/or silica.
5The mineral filler is finely divided and is in the form of particles 4 of size typically less than 50 pm,
preferably less than 10 pm, Hifvap@igebusly |esefaiably perosity oAleasesdypenetsiresral filler may

comprise mineraliB(GAGYED BReRIMUPCeYR! hasalt iRisariess HueH AR R the form o

I
10 short fibres and present a low interface adhesion so that they do not cause too much rigidifying of
the strip (low strel§¥®farldfisr BakferimpRifgeErly allowpoeyerdittetbiensigrafigne&tliguidand to improve

its mechanical properiss e helimel |§%§F. %HE%@@F%P@IHQBQWP@EX&Q 18/ 9EaALwimerous

cavities 5. This porosity is characterized by the ratio 15between the bulk density of the polymer layer

and its theoreticalegbisipy. in the breakedayrpvesislnrermbiramisa spetties chiefly consists in
achieving a yield point elonggion, tby) @f %@legsw%gyt@ iél:ﬁ:_éi}%(& a;gipgﬁ}mgecgynpatible with

the subsequent taping operation. Preferably, this yield point deformation is lower than the ‘elongation at
O’I%i%@

fracture of the 26 Yripef thenBel@sr iRy Sietd PBIRE diopalisiicnting Howaadritnsgsstrate 2 is too
high, this substrajg.Capfd 1Rk iropiRyiBnREiests 1ot WHGAERArBIGAIR ISR ¥RFiAg Be strip

around a cable 7 to be insulated. This masking of defects could lead to a risk of major defects in the
cables insulated RANMREISIREPHESAVERESRS SferhljaKiiiedisgasenandriteurasiliv©hossible to

optimise bof theagiRsitbARE e SoRceRIrsiop QN NRER e P8R RAYRNEISHPIiHR Use Of a porous

polymeric layer is that a reduction in .elogq?’gtion at fracture is obtained without reducing the flexibility of
the polymeric filnBXBRi®Sordsitp arssianonavy @ditidieth prlYieskifus thascaperibed in

document US 2002/0041060 incorporated herein as reference.

Alternatively, the closed porosity can be obtained by adding a

foaming agent which generates a gas during the production process of the
15  polymeric tayer. This type of agent may be azodicarbonamide for example
or any other foaming agent known to those skilled in the art.

Preferably, the used polymer layer comprises a polyolefin or a
polyolefin mixture, such as polypropyiene or polyethylene. Preferably, the
polymer of said polymeric layer essentially consists of polyethylene. The

20 polymer advantageously comprises high density polyethylene (HDPE).
Preferably, the polymer layer of the invention comprises a mixture of
polyethylenes of different structures (HDPE, MDPE, L DPE, LLDPE ...).

In addition to the usual additives (neutralisers, antioxidants ...) it
is advantageously possibie to add coupling agents such as silane coupling

25 agents, in particular beta-(3,4,epoxycyclohexyl)ethyltrimethoxysilane (sold
under the trade name « Silquest A186 Silane » by Crompton).

Advantageously the polyethylene of the polymer layer is cross-
linked to improve its fire resistance properties.

Alternatively, the polymeric matrix comprises (or essentially

30 consists of) any type of usual polymer such as polyesters, polyamides,
halogenated, chlorinated or fluorinated polyolefins (PVC, PVDC, PVDF,

PTFE ...) or mixtures of these polymers.



30 layer resulting from extended exposure to a flame, and hence reduces the heat conductivity of the
insulator. 9 The porosity is preferably porosity of closed type, thereby allowing the preserving of
the barrier properties of the continuous polymer layer. This barrier particularly allows preventing the
migration of liquid or gas towards the mica layer. These diffusing liquids or gases may lead to a
5reduction in the breakdown resistance of the mica lal@r 3. This type of closed porosity may be
obtained for example by elongation of the polymer layer 2 during the solidification thereof Indeed, the
difference in mechanical prépiefiedbetificeHane PRETEHIIEtAhOEherpedyinkae maifX 8dh causes

detaching of the RiGHaG&AOR TG QARSH PerkB¥iRsPoOER R {REIUGHY §dilisrtype of structure

is obtained for example by extrusion-blow of a filled polymer such as described in document US
2002/0041060 incorporated'iéreftidsieserenéee polymerisrayeels trefatdy sorositgetn be

obtained by addipgg,iparming A9oRbYRCHIFaIAISRHAGRT S SR RGHURIPTSR aResS of the 15

polymeric layer. This type of agent may be azodicarbonamidefor example or any other foaming agent

known to those skilled in thé\Bgther aspaefaing thaerism pelerRinkyat alassis«ailedyolefin or a

polyolefin mi_XtUr%sﬁﬂéibésoﬁ?oéyﬁﬁﬁw%ﬁﬁq%riHQMFBM,'%ﬁe@ﬁf@f@%‘&‘iﬁhﬁiQﬂyﬁﬁﬁfﬁﬁ_iﬂo‘)o'yme”C
layer essentially consists of polf/et ylene. The 20 polymer advantageousg comprises high density

p
polyethylene (HCPEYNPrafSRIBIYCEYE ;f&sﬁnércpéﬁbeofyfah@dr%ntwwﬁ R a¥iBCRtHRNSF
polyethylenes of ghiferaid aratyreptbidn: DARE oV RPEnsdre contiRigdiee the usual

additives (neutralisers, antioxidants ...) it iS advantageously possible to add coupling agents such as
silane coupling 2BSHAEs, in particular beta-(3,4,epoxycyclohexyl)ethyltrimethoxysilane (sold under

the trade nage " Silquest ATRE REANGPYBIMMAIRN bbtaine ¥ARERBEANSBOHIBPRlNR tylene of the

polymer layer is Cross-linked to improve its fire resistance properties. Alternatively, the polymeric

matrix comprises3@iRaahtnsijaion SorsauiemeRhaior udhia peRlinardasnasparialyers,
polyamides, halogenatatbrBpHBRtsh Rl boHRSaA ARMRIETRS (RYGEYBGHIE \RFng TS ) or

mixtures of these polymers. _ _
coating step, the cables may optionally be grouped into bundles of several

conductors such as illustrated in Figure 4 (single-phase, three-phase,
15 optionally neutral and earth, or command or transmission cables of

multipolar data).

Example
A polyethylene substrate marketed by Taiwan Lung Meng

20  Technology Co. Ltd. under the trade name RP Rich Mineral Paper was
used. This product is marketed in Europe under the name Eco-Sprint. This
substrate has a weight concentration of 80 % mineral filler and 20 %
polyethylene. The melting point of this polyethylene, measured by DSC, is
about 128.6°C. This substrate has a thickness of 100 um and a bulk density

25 of 1.2. This density corresponds to a porosity of a little more than 50 % of
the fotal volume of the layer.

Figure 6 illustrates the deformation curve of this Eco-sprint
substrate as a function of the filler. This test was conducted at ambient
temperature. The thickness of the tested film was 124 pum for a width of 15

30  mm and length between the jaws of the traction machine of 100 mm:.

This substrate was laminated onto Phlogopite mica paper of 82

g/m? impregnated with a silicone adhesive (polydimethy! siloxane adhesive



10 Preferably, the used polymers may be cross-linked using any method known to skilled
persons to improve the heat resistance thereof. The thickness of the polymeric layer is
preferably comprised between 25 and 200 pm, more advantageously between 50 and 150 pm. 5
Another aspect of the invention concerns an electric cable 6 insulated by a strip 1 of the invention,
wherein the strip 1 is helically wound around a condutfive core 7 of the cable, the turns of the winding
being contiguous and optionally being overlapped to ensure continuity of the insulator. 10The insulated

cables thus obtaiRPies dehBiawy Cemiag Wiliaa heprigacmianitel d Adadtbsddiretetelep. This
coating step is gghs {3@@{&0‘5@%%9&@9%%?% .Fﬁz_sion around the insulated cable. During this

coating step, the cables may optionally be grouped into bundles of several conductors such as

illustrated in Figure 4 (singldJphabiaingd sipRageresisptidrdmpadun soadudart o fegiHifand or
transmission cablies piyBHIIRESAR L Fra bR A ROSGIDYIEAS SRS LRI MAEkeRd Iy Tigiwan Lung

Meng 20 Technology Co. Ltd. under the trade nhame RP Rich Mineral Paper was used. This product is
marketed in Eurdp® FWEEEEARABSEE0SBENMaThiBrovisinata Bis’a AGHRPepivERIativA of 80 %
mineral filler and L0Q-%a40l¥ellyiene. The melting point of this polyethylene, measured by DSC, is
about 128.6C. This substrate has a thickness of 100 pm and a bulk density 250f 1.2. This density
corresponds to a porosity ofl AGitfRSHiErOtHhR Jovsorrresdtsl irsimrcepitiagdalestandargigure 6

ilustrates the defogpatipratines afhipERASEIRLRLESTA asAdiunclion A tamfillerJhisstest was

conducted at ambient temperature. The thickness of the tested film was 124 pm for a width of 15 30
mm and length bEXRERIC O EwResf EROUNEor Atacide srttrarssh.in this frgusaneithtewas

Egj(g?]t:igr’?g i\'jiﬁ‘%&ﬂ@iﬁ‘ami@é PREeBOPE4 A/MBisRragnaie hihsticantanhasiueypelydimethyl
phlogopite mica paper, laminated on glass silk as substrate (prior art).
Figure 5 gives the test success percentages (3h15) as a function
of voltages between conductors for the strip of the Example (F 80-INOR-
100) compared with the reference sample (Firox 80P34A). These results
15 represent the ratio of the number of breakdowns per number of samples
following exposure to a flame for 3h. Surprisingly, it was observed that the
strip performance was improved by substituting the glass silk substrate by
the substrate of the Example.
indeed, it is commonly acknowledged that substrates of organic
20 film type {e.g. PE, PET, etc.) used as substrate to manufacture mica strip
for cables strongly reduce the electrical insulation properties of the product
when it is exposed to a flame, compared with strips whose substrate is a
glass silk fabric. This reduction in performance level is generally interpreted
as a result of the migration of conductive combustion products within the
25 mica paper.
in addition, fhe high price of glass fabrics is a factor which may
limit the use in some strips applications using this fabric as substrate. Also,
the open nature of these glass fabrics does not offer much insulation for the
mica paper against vapours originating from the sheath of the conductor.
30 These vapours may condense in the interstices of the mica paper which, for
some types of sheaths, may reduce the survival time of the cable exposed

to a flame.



11 supplied by Dow Corning) with a bonding content of 11.4 g/m2. The total weight of the construction
is 237.5 g/m2. The obtained strips were used to tape two conductors, to test the insulation
thereof under fire exposure conditions. The strips were wound in 5 two successive passes, each pass
providing a 20 % overlap between two successive turns. The results of the flame exposure tests
according to standard BS6387 cat. C, are given in Figire 5. The sample in the Example carries
reference number F80-INOR-100. It is compared in this Figure with a 10 sample named Firox 80P34A.
This is a strip, having the saifié #iRseSEBIBhIJopiteehitepaprybriralaatédhsh gveatioitk as
substrate (prior & allowd LSRR ANERIGR shesRARREIREAIRRAIRA Bk asAdHBrupn Of

voltages between conductors for the strip of the Example (F 80-INOR100) compared with the

reference sampl@@i%%@bm')ﬂtﬂ’f%@ r*é%@@ﬁ%”ﬁ@pﬁé’%?ﬁ%@,r_éi’_ﬂidlafﬂﬁélafuaﬁﬂiﬁﬁbf%reakdowns _
per number of SafRRIGS PRI UBISRRSH Eda P HIRTGGh S midd RN NG SoRPSFEVRR that the strip

performance was improved by substituting thé glass silk substrate by the substrate of the Example.

Indeed, it is eomAiBAIEe kEeRdEaREd YHHeRuwit-astigterghineipg fivh ipecangustsr PRY, etc.) used
as substrate to n&@y@@tﬂégg{y@pggpg&qu@p&g@g@@glmggqggigﬂ%gectrical insulation properties of

the product when it is exposed to a flame, compared with strips whose substrate is a glass silk fabric.
This reduction in performane€RaIF8vge RSy ait Prarc@rducieddn vetify Hhryiatieacobonductive

combustion prodyl Wit h& B RiG8. RARRTs experiiddifidinils 9B s gfigiRssdgbrics is a

factor which may limit the use in'some strips applications using this fabric as substrate. Also, the open
nature of these dRdbifsinseddes ieteterahlne desmationatiiane hala bapatiagamstivalours

originating {iom {iarsheathoWdhARINGHOT BReT HARBURRAYES TBRY IKPIAENSRIEL I iBiRIstices of the
mica paper which, for some types of sheaths, may reduce the survival time of the cable exposed to a
flame. 12 combustion cannot therefore alone account for the improvement in strip

properties compared with the strip having a glass fabric substrate (Firox
80P34A).



The closed nature of the polymeric substrate of the invention also allows the encapsulation of the
products used during the preparation of the strip at the interface between the two layers, in particular
adhesives. This barrier, for example, may prevent the mica from adhering too strongly 5 onto the
conductor, which will facilitate stripping of the conductor and prevent possible poor contact caused by
mica residues. Comparative tests were also cohducted to verify the impact of the polymer strip
alone. In this experiment, the mica layer was eliminated. In this case, the tested cables do not maintain
their insulation even at 10 voltages lower than 600V. The mineral layer left by the substrate after
combustion cannot therefore alone account for the improvement in strip properties compared with the
strip having a glass fabric substrate (Firox 80P34A). 13 CLAIMS 51. Multilayer strip (1) comprising at
least: an essentially mica-based layer (3); a polymeaimpigyer (2) comprising 60 to 85 % by weight of a
mineral filler (4) and 15 to 40 % by weight of a polymer. 102. The multilayer strip according to claim 1,
wherein said polymer is selected from the group consisting of polyolefin, polyester, polyamide and

halogenatedspolyplefinsitilayes- S‘fm(ﬁuﬂﬁ@wrsﬁigmﬁmding to claim 2, wherein the polymerisa 15
polyolefin selected from théﬁgﬁ‘ conS|st|rR% of polyethylene, polypropylene, copolymer of propylene

and copolymers of ethyf&h I BUCBHESRSHYSEfi comprising 3 to 8 carbons. 4. The
multilayer strip according rﬁ@t?lﬁéﬁ@ia\ybel@mm;ﬁl@v@emi&a@ﬂpb@hélgﬁﬁdﬂaarﬁiﬁ@kﬁﬁ of

lyethyl f differ
polyethylenes of diffefent JeASINES: o 40 % by weight of a polymer.

10 2. The multilayer strip according to claim 1, wherein said polymer is
selected from the group consisting of polyolefin, polyester, polyamide

and halogenated polyolefins.

3. The muitilayer strip according o claim 2, wherein the polymer is a
15 polyolefin selected from the group consisting of polyethylene,
polypropylene, copolymer of propylene and copolymers of ethylene and

at least one aipha-olefin comprising 3 to 8 carbons.

4. The multitayer strip according to claim 3, wherein the polyolefin is a

20 polyethylene or a mixture of polyethylenes of different densities.

5. The multilayer strip according to claim 4, wherein the polyethylene

comprises a HDPE.

25 6. The multilayer strip according to any of the preceding claims, wherein
the essentially mica-based layer is a layer of mica paper optionally

impregnated with a resin.

7. The multifayer strip according to claim 6, characterized in that the

30 impregnating resin of the mica layer is silicone-based.



5. The multilayer strip according to claim 4, wherein the polyethylene comprises a HDPE. 256. The
multilayer strip according to any of the preceding claims, wherein the essentially mica-based layer is a
layer of mica paper optionally impregnated with a resin. 14 8. The multilayer strip according to one of
the preceding claims, wherein the essentially mica-based layer (3) is laminated to the polymeric layer
(2) by means of an adhesive, said adhesive preferabfR4being an adhesive of silicone type. 5 9. The
multilayer strip according to any of the preceding claims, wherein the mineral filler is selected from the
group consisting®f caRguimiEaysh slEPcarsardisgIghare Raim eeding slaimpiovheiréate (hydrated

such as kaolinite for gxample)siallmines ssaRikehydioxide1040d D tRABBRHER: #ijeXide, mica,

chalk, talc, titanium dioxide, silica; clay (such as Bentonite or montmorillonite), kieselguhr (diatoms) or
dolomite and mixturé@ihBYedreans. Pheamudilbgaiverrisaid cariingivs aPieBradyplRiBging claims,
wherein 15the minerghfilgy s selgfisrdrgipdhe group consisting of calcium carbonate, diatoms
(kieselguhr) and/or silica and mixtures théreof. 11. The multilayer strip according to any of the
preceding cldims, wherein the polymeric layer has a porosity (5) comprised between 40 and 75 %

20by volume, preferaty Pﬁ&%ﬁ@éﬁ@tﬁﬁ%@@&%’iﬁgﬂo@ e pReSHESHRRERGAIING to claim

11, wherein the porosity of the polymeric layer (2) is of closed type. 2513. The multilayer strip

according to any of tHEpratsdmlgitiainis, SRierss themoliife B FEIPIRIF OEofFHIYES a coupling
agent allowing the cQiphipg:pt theningral dlipheit) BanalyoleiiBhate, aluminium  silicate

{(hydrated such as kaolinite for example), alumina, aluminium hydroxide
10 (ATH), magnesium, zinc oxide, mica, chalk, talc, titanium dioxide, silica,
clay (such as bentonite or montmorillonite), kieselguhr (diatoms) or

dolomite and mixtures thereof.

10. The multilayer strip according to any of the preceding claims, wherein
15 the mineral filler is selected from the group consisting of calcium

carbonate, diatoms (kieselguhr) and/or silica and mixtures thereof.

11. The multilayer strip according to any of the preceding claims, wherein
the polymeric layer has a porosity (5} comprised between 40 and 75 %

20 by volume, preferably between 50 and 60 % by volume.

12. The multilayer strip according to claim 11, wherein the porosity of the

polymeric layer (2) is of closed type.

25 13. The multilayer strip according {fo any of the preceding claims, wherein
the polymeric layer (2) further comprises a coupling agent allowing the

coupling of the mineral filler with the polyolefin,

14. The multitayer strip according to claim 11, wherein the coupling agent is

30 a silane, preferably a beta-(3,4-epoxycyclohexylethyl trimethoxy-silane.



15 15. The use of the multilayer strip according to any of claims 1 to 14 to tape an electric conductor.

15

15. The use of the multilayer strip according to any of claims 1 to 14 {o tape

an electric conductor.



