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(54) CABLE JACKET

(57) The present invention relates to a cable jacket comprising a random heterophasic propylene copolymer, wherein
said copolymer has MFR2 (230°C) in the range of from 0.5 to 15 g/10 min, flexural modulus below 400 MPa, and relaxation
spectrum index (RSI) at 200°C below 20.0. The present invention further relates to a telecommunication cable comprising
sad jacket.
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Description

FIELD OF INVENTION

[0001] The present invention relates to a cable jacket comprising a random heterophasic propylene copolymer. Further,
the invention relates to a communication cable, such as data, fiber or telecommunication cable, comprising said jacket.

BACKGROUND

[0002] Cables, which include power cables for high, medium or low voltage, and communication cables, generally
comprise a core of one or more communication or power transmission media surrounded by a sheath consisting of one
or more layers. The outermost layer is often referred to as jacket or jacketing layer and is nowadays made of polymer
material, conventionally polyethylene.
[0003] The jacket material has to meet a number of properties requirements, which vary depending on the intended
application of the cable. There are for example several types of communication cables: transmission lines when electric
signals are transmitted; waveguides when electromagnetic waves are transmitted and optical fibers when light signals
are transmitted.
[0004] For some applications, an improved jacket flexibility is required, for example when the cable is to be installed
in small and confined spaces. On the other hand, cables that are installed outdoors need to be well protected from
frictional forces and sudden impacts during installation, and the jacket also needs to have good abrasion resistance and
impact strength. For small fiber optic cables (FOC) cables it is very important to have low jacket shrinkage. Other important
jacketing properties are good stress cracking resistance and tensile properties.
[0005] Thus, important properties of materials for communication cable jackets are good processability within a broad
temperature range, low shrinkage, high mechanical strength, high surface finish as well as high environmental stress
cracking resistance (ESCR). Often, however, excellent properties in one aspect are obtained at the cost of poorer
properties in some other aspects.
[0006] Shrinkage is an important factor which may influence the performance characteristics of both power and com-
munication cables as it results in a mismatch in the length of jacket in relation to the length of the cable core. In particular,
jacketing material for fiber optic cables (FOC) is faced with high demands on its shrinkage properties since shrinkage
of the jacket can cause micro-bending which influence fiber attenuation. Post-extrusion jacket shrinkage is dependent
on both time and temperature, and it is related to the release of internal stresses that has been induced into the material
during the extrusion process. During processing, the polymer molecules are oriented in an axial direction, and there will
be a frozen-in orientation of the molecules if the cooling time is shorter than the time it takes for the polymer chains to
reorient to their preferred random configuration.
[0007] As smaller and smaller constructions are sought, the requirements for shrinkage become even more stringent.
In addition, fiber optic cables should have high flexibility to be able to be installed in confined spaces.
[0008] Therefore, there is a need for a material suitable as cable jacket, in particular for communication cables, wherein
high flexibility, high abrasion resistance and low shrinkage are combined.

DESCRIPTION OF THE INVENTION

[0009] The present invention provides a cable jacket comprising a random heterophasic propylene copolymer, wherein
said copolymer has MFR2 (230°C) in the range of 0.5 to 15 g/ 10 min, flexural modulus below 400 MPa, and relaxation
spectrum index (RSI) at 200°C below 20.0.
[0010] The heterophasic propylene copolymer (RAHECO) according to this invention may comprise a matrix (M) being
a random propylene copolymer (R-PP) and dispersed therein an elastomeric propylene copolymer (E). Thus, the matrix
(M) contains (finely) dispersed inclusions not being part of the matrix (M), wherein the inclusions contain the elastomeric
propylene copolymer (E). The term "inclusion" indicates that the matrix (M) and the elastomeric propylene copolymer
(E) form different phases within the heterophasic propylene copolymer (RAHECO). The presence of inclusions may for
instance be visible by high resolution microscopy, like electron microscopy or atomic force microscopy, or by dynamic
mechanical thermal analysis (DMTA). Specifically, when using DMTA, the presence of a multiphase structure can be
identified by the presence of at least two distinct glass transition temperatures.
[0011] Preferably, the heterophasic propylene copolymer (RAHECO) according to this invention comprises the random
propylene copolymer (R-PP) and the elastomeric propylene copolymer (E) as the only polymer components. Further,
the heterophasic propylene copolymer (RAHECO) may comprise other polymers in an amount not exceeding 5.0 wt%,
more preferably not exceeding 3.0 wt%, most preferably below 1.0 wt%, based on the total amount of heterophasic
propylene copolymer (RAHECO). An example of a polymer which may be present in such low amounts is polyethylene
which is a reaction by-product formed during preparation of the heterophasic propylene copolymer (RAHECO).
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[0012] Typically, the heterophasic propylene copolymer (RAHECO) has rather low crystallization temperature, i.e. of
not more than 125 °C, more preferably in the range of 105 to 125 °C, still more preferably in the range of 108 to 120 °C.
[0013] The heterophasic propylene copolymer (RAHECO) further comprises comonomers apart from propylene. Suit-
able comonomers may be ethylene and/or C4 to C8 α-olefins. Accordingly, the term "propylene copolymer" according
to this invention is understood as a polypropylene comprising, preferably consisting of, units derivable from

(a) propylene
and

(b) ethylene and/or C4 to C8 α-olefins.

[0014] Thus, the heterophasic propylene copolymer (RAHECO), i.e. the random propylene copolymer (R-PP) as well
as the elastomeric propylene copolymer (E), comprises monomers copolymerizable with propylene, for example comon-
omers such as ethylene and/or C4 to C8 α-olefins. Suitable C4 to C8 α-olefins may be 1-butene and/or 1-hexene.
Preferably, the heterophasic propylene copolymer (RAHECO) according to this invention comprises, especially consists
of, monomers copolymerizable with propylene from the group consisting of ethylene, 1-butene and 1-hexene. More
specifically, the heterophasic propylene copolymer (RAHECO) of this invention comprises - apart from propylene - units
derivable from ethylene and/or 1-butene. In a preferred embodiment, the heterophasic propylene copolymer (RAHECO)
according to this invention comprises units derivable from ethylene and propylene only. Still more preferably, the random
propylene copolymer (R-PP) as well as the elastomeric propylene copolymer (E), i.e. the first elastomeric propylene
copolymer fraction (E1) and the second elastomeric propylene copolymer fraction (E2) of the heterophasic propylene
copolymer (RAHECO) contain the same comonomers, like ethylene.
[0015] Accordingly, the elastomeric propylene copolymer (E) is preferably an ethylene propylene rubber (EPR), where-
as the random propylene copolymer (R-PP) is a random ethylene propylene copolymer (R-PP).
[0016] The total comonomer content in the heterophasic propylene copolymer (RAHECO) may be moderate, which
contributes to the softness of the material. Thus, it is preferred that the comonomer content of the heterophasic propylene
copolymer (RAHECO) is in the range from 5.0 to 35.0 mol%, preferably in the range from 11.0 to 28.0 mol%, more
preferably in the range from 15.0 to 24.0 mol%.
[0017] The xylene cold soluble (XCS) fraction measured according to ISO 16152 (25°C) of the heterophasic propylene
copolymer (RAHECO) may be in the range of 20.0 to 60.0 wt%, preferably in the range from 30.0 to 55.0 wt%, more
preferably in the range from 35.0 to 50.0 wt%, still more preferably in the range from 37.0 to 45.0 wt%.
[0018] Further, it is appreciated that the xylene cold soluble (XCS) fraction of the heterophasic propylene copolymer
(RAHECO) is specified by its intrinsic viscosity. A low intrinsic viscosity (IV) value reflects a low weight average molecular
weight. For the present invention, the xylene cold soluble fraction (XCS) of the heterophasic propylene copolymer
(RAHECO) may have an intrinsic viscosity (IV) measured according to ISO 1628/1 (at 135°C in decalin) in the range of
1.0 to 3.0 dl/g, preferably in the range of 1.2 to 2.7 dl/g, more preferably in the range of 1.5 to 2.5 dl/g.
[0019] Additionally, it is preferred that the comonomer content of the xylene cold soluble (XCS) fraction of the heter-
ophasic propylene copolymer (RAHECO) is below 45 mol%, preferably in the range of 25 to 42 mol%, more preferably
in the range of 30 to 40 mol%, yet more preferably in the range of 32 to 38 mol%. The comonomers present in the xylene
cold soluble (XCS) fraction are those defined above for the random propylene copolymer (R-PP) and the elastomeric
propylene copolymer (E), respectively. In one preferred embodiment the comonomer is ethylene only.
[0020] The heterophasic propylene copolymer (RAHECO) can be further defined by its individual components, i.e. the
random propylene copolymer (R-PP) and the elastomeric propylene copolymer (E).
[0021] The random propylene copolymer (R-PP) comprises monomers copolymerizable with propylene, for example
comonomers such as ethylene and/or C4 to C8 α-olefins. Suitable C4 to C8 α-olefins may be 1-butene and/or 1-hexene.
Preferably, the random propylene copolymer (R-PP) according to this invention comprises, especially consists of, mon-
omers copolymerizable with propylene from the group consisting of ethylene, 1-butene and 1-hexene. More specifically,
the random propylene copolymer (R-PP) of this invention comprises - apart from propylene - units derivable from ethylene
and/or 1-butene. In a preferred embodiment the random propylene copolymer (R-PP) comprises units derivable from
ethylene and propylene only.
[0022] The random propylene copolymer (R-PP) according to this invention has a melt flow rate MFR2 (230 °C/2.16
kg) measured according to ISO 1133 in the range of 0.1 to 10.0 g/10 min, more preferably in the range of 1.0 to 4.5 g/10
min, still more preferably in the range of 1.3 to 1.9 g/10 min.
[0023] As mentioned above, the heterophasic propylene copolymer (RAHECO) may have a moderate comonomer
content. Accordingly, the comonomer content of the random propylene copolymer (R-PP) may be in the range of 2.0 to
15.0 mol%, yet more preferably in the range of 3.8 to 12.0 mol%, still more preferably in the range of 6.5 to 10.0 mol%.
[0024] The term "random" indicates that the comonomers of the random propylene copolymer (R-PP) are randomly
distributed within the propylene copolymer. The term random is understood according to IUPAC (Glossary of basic terms
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in polymer science; IUPAC recommendations 1996).
[0025] The random propylene copolymer (R-PP) may comprise at least two polymer fractions, like two or three polymer
fractions, all of them are propylene copolymers. Even more preferred, the random propylene copolymer (R-PP) may
comprise, preferably consist of, a first propylene copolymer fraction (R-PP1) and a second propylene copolymer fraction
(R-PP2).
[0026] Concerning the comonomers used for the first propylene copolymer fraction (R-PP1) and second propylene
copolymer fraction (R-PP2), reference is made to the comonomers of the random propylene copolymer (R-PP). Prefer-
ably, the first propylene copolymer fraction (R-PP1) and the second propylene copolymer fraction (R-PP2) contain the
same comonomers, such as ethylene.
[0027] The heterophasic propylene copolymer (RAHECO) may comprise 60 to 95 wt%, more preferably 60 to 90 wt%,
still more preferably 65 to 87 wt% of the random propylene copolymer (R-PP), based on the total weight of the heterophasic
propylene copolymer (RAHECO).
[0028] The comonomer contents of the random propylene copolymer (R-PP) and the first propylene copolymer fraction
(R-PP1) may fulfil inequality (II), more preferably inequality (IIa), still more preferably inequality (IIb), 

wherein Co(RPP) is the comonomer content [mol%] of the random propylene copolymer (R-PP) and Co(RPP1) is the
comonomer content [mol%] of the first propylene copolymer fraction (R-PP1).
[0029] Further, one of the propylene copolymer fractions (R-PP1) and (R-PP2) of the random propylene copolymer
(R-PP) is a comonomer lean fraction and the other fraction is the comonomer rich fraction, wherein further the lean
fraction and the rich fraction fulfil inequality (III), more preferably inequality (IIIa), still more preferably inequality (IIIb), 

[0030] wherein Co (lean) is the comonomer content [mol%] of the random propylene copolymer fraction with the lower
comonomer content and Co (rich) is the comonomer content [mol%] of the random propylene copolymer fraction with
the higher comonomer content.
[0031] Preferably, the first propylene copolymer fraction (R-PP1) is the random copolymer fraction with the lower
comonomer content and the second propylene copolymer fraction (R-PP2) is the random copolymer fraction with the
higher comonomer content.
[0032] Accordingly, it is preferred that the first propylene copolymer fraction (R-PP1) has a comonomer content in the
range of 0.8 to 6.0 mol%, more preferably in the range of 1.5 to 4.0 mol%, still more preferably in the range of 2.2 to 3.0
mol% and/or that the second propylene copolymer fraction has a comonomer content in the range of 7.2 to 20.0 mol%,
more preferably in the range of 10.5 to 17.5 mol%, still more preferably in the range of 12.0 to 15.5 mol%, based on the
overall amount of fractions (R-PP1) and (R-PP2), respectively.
[0033] In addition or alternatively to inequality (III), one of the propylene copolymer fractions (R-PP1) and (R-PP2) of
the random propylene copolymer (R-PP) may be a low melt flow rate MFR2 (230 °C / 2.16 kg) fraction and the other
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fraction may be a high melt flow rate MFR2 (230 °C / 2.16 kg) fraction, wherein further the low MFR fraction and the high
MFR fraction fulfil inequality (IV), more preferably inequality (IVa), still more preferably inequality (IVb), 

wherein MFR (high) is the melt flow rate MFR2 (230 °C / 2.16 kg) [g/10 min] of the random propylene copolymer fraction
with the higher melt flow rate MFR2 (230 °C / 2.16 kg) and MFR (low) is the melt flow rate MFR2 (230 °C / 2.16 kg) [g/10
min] of the random propylene copolymer fraction with the lower melt flow rate MFR2 (230 °C / 2.16 kg).
[0034] Preferably, the first propylene copolymer fraction (R-PP1) is the random copolymer fraction with the higher
melt flow rate MFR2 (230 °C / 2.16 kg) and the second propylene copolymer fraction (R-PP2) is the random copolymer
fraction with the lower melt flow rate MFR2 (230 °C / 2.16 kg).
[0035] Further, the weight ratio between the first propylene copolymer fraction (R-PP1) and second propylene copol-
ymer fraction (R-PP2) may be 10:90 to 90:10, more preferably 15:85 to 85:15, still more preferably 20:80 to 80:20.
[0036] Additionally, the heterophasic propylene copolymer (RAHECO) preferably comprises 5 to 40 wt%, more pref-
erably 10 to 40 wt%, still more preferably 13 to 35 wt% of the elastomeric propylene copolymer (E), based on the total
weight of the heterophasic propylene copolymer (RAHECO).
[0037] Thus, it is appreciated that the heterophasic propylene copolymer (RAHECO) preferably comprises, more
preferably consists of, 60 to 95 wt%, preferably 60 to 90 wt%, more preferably 65.0 to 87.0 wt% of the random propylene
copolymer (R-PP) and 5 to 40 wt%, preferably 10 to 40 wt%, more preferably 13.0 to 35.0 wt% of the elastomeric
propylene copolymer (E), based on the total weight of the heterophasic propylene copolymer (RAHECO).
[0038] The elastomeric propylene copolymer (E) comprises monomers copolymerizable with propylene, for example
comonomers such as ethylene and/or C4 to C8 α-olefins. Suitable C4 to C8 α-olefins may be 1-butene and/or 1-hexene.
Preferably, the elastomeric propylene copolymer (E) comprises, especially consists of, monomers copolymerizable with
propylene from the group consisting of ethylene, 1-butene and 1-hexene. More specifically, the elastomeric propylene
copolymer (E) comprises - apart from propylene - units derivable from ethylene and/or 1-butene. Thus, in an especially
preferred embodiment the elastomeric propylene copolymer (E) comprises units derivable from ethylene and propylene
only.
[0039] The comonomer content of the elastomeric propylene copolymer (E) preferably is in the range of 30.0 to 65.0
mol%, more preferably in the range of 40.0 to 55.0 mol%, still more preferably in the range of 48.0 to 51.0 mol%.
[0040] The elastomeric propylene copolymer (E) may comprise a first elastomeric propylene copolymer fraction (E1)
and a second elastomeric propylene copolymer fraction (E2).
[0041] The heterophasic propylene copolymer (RAHECO) as defined in the instant invention may further comprise up
to 5.0 wt% additives, like nucleating agents and antioxidants, as well as slip agents and antiblocking agents. Preferably,
the additive content (without α-nucleating agents) is below 3.0 wt%, more preferably below 1.0 wt%.
[0042] The heterophasic propylene copolymer (RAHECO) may be produced in a multistage process comprising at
least two reactors connected in series, wherein the heterophasic propylene copolymer (RAHECO) comprises a matrix
(M) being a random propylene copolymer (PP) and an elastomeric propylene copolymer (E) dispersed in the matrix (M).
[0043] The heterophasic propylene copolymer (RAHECO) may be obtained by a sequential polymerization process
comprising the steps of

a) polymerizing in a first reactor (R1) propylene and ethylene and/or a C4 to C8 α-olefin, obtaining a first random
propylene copolymer fraction (R-PP1),

b) transferring the first random propylene copolymer fraction (R-PP1) into a second reactor (R2),

c) polymerizing propylene and ethylene and/or a C4 to C8 α-olefin in the second reactor (R2) in the presence of the
first random propylene copolymer fraction (R-PP1), obtaining a second random copolymer fraction (R-PP2), the first
random propylene copolymer fraction (R-PP1) and the second random copolymer fraction (R-PP2) forming the
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random propylene copolymer (R-PP),

d) transferring the random propylene copolymer (R-PP) into a third reactor (R3),

e) polymerizing propylene and/or a C4 to C8 α-olefin in the third reactor (R3) in the presence of the random propylene
copolymer (R-PP), obtaining a third polymer fraction being the elastomeric copolymer (E), the propylene copolymer
(R-PP) and the elastomeric propylene copolymer (E) forming the heterophasic propylene copolymer (RAHECO).

[0044] For preferred embodiments of the random heterophasic propylene copolymer (RAHECO), the random propylene
copolymer (R-PP), the first propylene copolymer fraction (R-PP1), the second propylene copolymer fraction (R-PP2)
and the elastomeric copolymer (E), reference is made to the definitions given above.
[0045] The term "sequential polymerization process" indicates that the random heterophasic propylene copolymer
(RAHECO) is produced in at least two, preferably three, reactors connected in series. Accordingly, the present process
comprises at least a first reactor, a second reactor, and optionally a third reactor. The term "polymerization process"
shall indicate that the main polymerization takes place. Thus in case the process consists of three polymerization reactors,
this definition does not exclude the option that the overall process comprises for instance a pre-polymerization step in
a pre-polymerization reactor. The term "consist of" is only a closing formulation in view of the main polymerization process.
[0046] The first reactor may be a slurry reactor and can be any continuous or simple stirred batch tank reactor or loop
reactor operating in bulk or slurry. Bulk means a polymerization in a reaction medium that comprises of at least 60 %
(w/w) monomer. According to the present invention, the slurry reactor is preferably a (bulk) loop reactor.
[0047] The second reactor and the third reactor may be gas phase reactors. Such gas phase reactors can be any
mechanically mixed or fluid bed reactors. Preferably, the gas phase reactors comprise a mechanically agitated fluid bed
reactor with gas velocities of at least 0.2 m/sec. Thus, it is appreciated that the gas phase reactor is a fluidized bed type
reactor preferably with a mechanical stirrer.
[0048] Thus, in a preferred embodiment the first reactor R1 is a slurry reactor, e.g. loop reactor, whereas the second
reactor R2 and the third reactor R3 are gas phase reactors (GPR). Further, a pre-polymerization reactor may be placed
upstream from the first reactor R1.
[0049] A preferred multistage process is a "loop-gas phase"-process, such as developed by Borealis A/S, Denmark
(known as BORSTAR® technology) described e.g. in patent literature, such as in EP 0 887 379, WO 92/12182 WO
2004/000899, WO 2004/111095, WO 99/24478, WO 99/24479 or in WO 00/68315.
[0050] A further suitable slurry-gas phase process is the Spheripol® process of Basell.
[0051] Preferably, in the instant process for producing the heterophasic propylene copolymer (RAHECO) as defined
above, the conditions for the first reactor R1 may be as follows:

- the temperature is within the range of 50 °C to 110 °C, preferably between 60 °C and 100 °C, more preferably
between 65 and 95 °C,

- the pressure is within the range of 20 bar to 80 bar, preferably between 40 bar to 70 bar,

- hydrogen can be added for controlling the molar mass in a manner known per se.

[0052] Subsequently, the reaction mixture of the first reactor R1 is transferred to the second reactor R2, where the
conditions may be as follows:

- the temperature is within the range of 50 °C to 130 °C, preferably between 60 °C and 100 °C,

- the pressure is within the range of 5 bar to 50 bar, preferably between 15 bar to 35 bar,

- hydrogen can be added for controlling the molar mass in a manner known per se.

[0053] The conditions in the third reactor R3 may be similar to the conditions in the second reactor R2.
[0054] The residence time can vary in the three reactor zones. Thus, the residence time in first reactor R1 may be in
the range 0.1 to 2.5 hours, preferably 0.15 to 1.5 hours and the residence time in each of the second and the third reactor
R2 and R3 may be 0.2 to 6.0 hours, preferably 0.5 to 4.0 hours.
[0055] If desired, the polymerization may be effected in a known manner under supercritical conditions in the first
reactor R1, and/or as a condensed mode in the second and the third reactor R2 and R3.
[0056] Preferably, the process comprises also a pre-polymerization with the catalyst system, as described in detail
below, comprising a Ziegler-Natta procatalyst, an external donor and optionally a cocatalyst.
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[0057] In a preferred embodiment, the pre-polymerization is conducted as bulk slurry polymerization in liquid propylene,
i.e. the liquid phase mainly comprises propylene, with minor amount of other reactants and optionally inert components
dissolved therein.
[0058] The pre-polymerization reaction is typically conducted at a temperature of 10 to 60 °C, preferably from 15 to
50 °C, and more preferably from 18 to 45 °C.
[0059] The pressure in the pre-polymerization reactor is not critical but must be sufficiently high to maintain the reaction
mixture in liquid phase. Thus, the pressure may be from 20 to 100 bar, for example 30 to 70 bar.
[0060] The catalyst components are preferably all introduced to the pre-polymerization step. However, where the solid
catalyst component (i) and the cocatalyst (ii) can be fed separately it is possible that only a part of the cocatalyst is
introduced into the pre-polymerization stage and the remaining part into subsequent polymerization stages. Also in such
cases it is necessary to introduce so much cocatalyst into the pre-polymerization stage that a sufficient polymerization
reaction is obtained therein.
[0061] It is possible to add other components also to the pre-polymerization stage. Thus, hydrogen may be added into
the pre-polymerization stage to control the molecular weight of the prepolymer as is known in the art. Further, antistatic
additive may be used to prevent the particles from adhering to each other or to the walls of the reactor.
[0062] The precise control of the pre-polymerization conditions and reaction parameters is within the skill of the art.
[0063] According to the invention, the heterophasic propylene copolymer (RAHECO) is obtained by a multistage
polymerization process, as described above, in the presence of a catalyst system.
[0064] As pointed out above, in the specific process for the preparation of the heterophasic propylene copolymer
(RAHECO) as defined above, a specific Ziegler-Natta catalyst (ZN-C) must be used. Accordingly, the Ziegler-Natta
catalyst (ZN-C) will be now described in more detail.
[0065] The heterophasic propylene copolymer (RAHECO) applied according to this invention is preferably produced
in the presence of

(a) a Ziegler-Natta catalyst (ZN-C) comprising compounds (TC) of a transition metal of Group 4 to 6 of IUPAC, a
Group 2 metal compound (MC) and an internal donor (ID);

(b) optionally a co-catalyst (Co), and

(c) optionally an external donor (ED).

[0066] The catalyst used in the present invention is a solid Ziegler-Natta catalyst (ZN-C), which comprises compounds
(TC) of a transition metal of Group 4 to 6 of IUPAC, like titanium, a Group 2 metal compound (MC), like a magnesium,
and an internal donor (ID) being a non-phthalic compound, preferably a non-phthalic acid ester, still more preferably
being a diester of non-phthalic dicarboxylic acids as described in more detail below. Thus, the catalyst is fully free of
undesired phthalic compounds. Further, the solid catalyst is free of any external support material, like silica or MgCl2,
i.e. the catalyst is selfsupported.
[0067] The Ziegler-Natta catalyst (ZN-C) can be further defined by the way as obtained. Accordingly, the Ziegler-Natta
catalyst (ZN-C) is preferably obtained by a process comprising the steps of

a)

a1) providing a solution of at least a Group 2 metal alkoxy compound (Ax) being the reaction product of a Group
2 metal compound (MC) and an alcohol (A) comprising in addition to the hydroxyl moiety at least one ether
moiety optionally in an organic liquid reaction medium;
or

a2) a solution of at least a Group 2 metal alkoxy compound (Ax’) being the reaction product of a Group 2 metal
compound (MC) and an alcohol mixture of the alcohol (A) and a monohydric alcohol (B) of formula ROH,
optionally in an organic liquid reaction medium;
or

a3) providing a solution of a mixture of the Group 2 alkoxy compound (Ax) and a Group 2 metal alkoxy compound
(Bx) being the reaction product of a Group 2 metal compound (MC) and the monohydric alcohol (B), optionally
in an organic liquid reaction medium; and

b) adding the solution from step a) to at least one compound (TC) of a transition metal of Group 4 to 6 and



EP 3 505 566 A1

8

5

10

15

20

25

30

35

40

45

50

55

c) obtaining the solid catalyst component particles,

and adding a non-phthalic internal electron donor (ID) at any step prior to step c).
[0068] The internal donor (ID) or precursor thereof is added preferably to the solution of step a).
[0069] According to the procedure above, the Ziegler-Natta catalyst (ZN-C) can be obtained via precipitation method
or via emulsion (liquid/liquid two-phase system) - solidification method depending on the physical conditions, especially
temperature used in steps b) and c).
[0070] In both methods (precipitation or emulsion-solidification) the catalyst chemistry is the same.
[0071] In precipitation method combination of the solution of step a) with at least one transition metal compound (TC)
in step b) is carried out and the whole reaction mixture is kept at least at 50 °C, more preferably in the temperature range
of 55 to 110 °C, more preferably in the range of 70 to 100 °C, to secure full precipitation of the catalyst component in
form of a solid particles (step c).
[0072] In emulsion - solidification method in step b) the solution of step a) is typically added to the at least one transition
metal compound (TC) at a lower temperature, such as from -10 to below 50°C, preferably from -5 to 30°C. During
agitation of the emulsion, the temperature is typically kept at -10 to below 40°C, preferably from -5 to 30°C. Droplets of
the dispersed phase of the emulsion form the active catalyst composition. Solidification (step c) of the droplets is suitably
carried out by heating the emulsion to a temperature of 70 to 150°C, preferably to 80 to 110°C.
[0073] The catalyst prepared by emulsion - solidification method is preferably used in the present invention.
[0074] In a preferred embodiment in step a) the solution of a2) or a3) are used, i.e. a solution of (Ax’) or a solution of
a mixture of (Ax) and (Bx).
[0075] Preferably, the Group 2 metal (MC) is magnesium.
[0076] The magnesium alkoxy compounds (Ax), (Ax’) and (Bx) can be prepared in situ in the first step of the catalyst
preparation process, step a), by reacting a magnesium compound with the alcohol(s) as described above. Alternatively,
the magnesium alkoxy compounds can be separately prepared magnesium alkoxy compounds or they can even be
commercially available as ready magnesium alkoxy compounds and used as such in the catalyst preparation process
of the invention.
[0077] Illustrative examples of alcohols (A) are monoethers of dihydric alcohols (glycol monoethers). Preferred alcohols
(A) are C2 to C4 glycol monoethers, wherein the ether moieties comprise from 2 to 18 carbon atoms, preferably from 4
to 12 carbon atoms. Preferred examples are 2-(2-ethylhexyloxy)ethanol, 2-butyloxy ethanol, 2-hexyloxy ethanol and
1,3-propylene-glycol-monobutyl ether, 3-butoxy-2-propanol, with 2-(2-ethylhexyloxy)ethanol and 1,3-propylene-glycol-
monobutyl ether, 3-butoxy-2-propanol being particularly preferred.
[0078] Illustrative monohydric alcohols (B) are of formula ROH, with R being straight-chain or branched C6-C10 alkyl
residue. The most preferred monohydric alcohol is 2-ethyl-1-hexanol or octanol.
[0079] Preferably, a mixture of Mg alkoxy compounds (Ax) and (Bx) or mixture of alcohols (A) and (B), respectively,
are used and employed in a mole ratio of Bx:Ax or B:A from 8:1 to 2:1, more preferably 5:1 to 3:1.
[0080] Magnesium alkoxy compound may be a reaction product of alcohol(s), as defined above, and a magnesium
compound selected from dialkyl magnesiums, alkyl magnesium alkoxides, magnesium dialkoxides, alkoxy magnesium
halides and alkyl magnesium halides. Alkyl groups can be a similar or different C1-C20 alkyl, preferably C2-C10 alkyl.
Typical alkyl-alkoxy magnesium compounds, when used, are ethyl magnesium butoxide, butyl magnesium pentoxide,
octyl magnesium butoxide and octyl magnesium octoxide. Preferably, the dialkyl magnesiums are used. Most preferred
dialkyl magnesiums are butyl octyl magnesium or butyl ethyl magnesium.
[0081] It is also possible that magnesium compound can react in addition to the alcohol (A) and alcohol (B) also with
a polyhydric alcohol (C) of formula R" (OH)m to obtain the magnesium alkoxide compounds. Preferred polyhydric alcohols,
if used, are alcohols, wherein R" is a straight-chain, cyclic or branched C2 to C10 hydrocarbon group, and m is an integer
of 2 to 6.
[0082] The magnesium alkoxy compounds of step a) are thus selected from the group consisting of magnesium
dialkoxides, diaryloxy magnesiums, alkyloxy magnesium halides, aryloxy magnesium halides, alkyl magnesium alkox-
ides, aryl magnesium alkoxides and alkyl magnesium aryloxides. In addition, a mixture of magnesium dihalide and a
magnesium dialkoxide can be used.
[0083] The solvents to be employed for the preparation of the present catalyst may be selected among aromatic and
aliphatic straight chain, branched and cyclic hydrocarbons with 5 to 20 carbon atoms, more preferably 5 to 12 carbon
atoms, or mixtures thereof. Suitable solvents include benzene, toluene, cumene, xylene, pentane, hexane, heptane,
octane and nonane. Hexanes and pentanes are particularly preferred.
[0084] Mg compound is typically provided as a 10 to 50 wt% solution in a solvent as indicated above. Typical com-
mercially available Mg compound, especially dialkyl magnesium solutions are 20 - 40 wt% solutions in toluene or hep-
tanes.
[0085] The reaction for the preparation of the magnesium alkoxy compound may be carried out at a temperature of
40° to 70°C. Most suitable temperature is selected depending on the Mg compound and alcohol(s) used.
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[0086] The transition metal compound of Group 4 to 6 is preferably a titanium comound, most preferably a titanium
halide, like TiCl4.
[0087] The internal donor (ID) used in the preparation of the catalyst used in the present invention is preferably selected
from (di)esters of non-phthalic carboxylic (di)acids, 1,3-diethers, derivatives and mixtures thereof. Especially preferred
donors are diesters of mono-unsaturated dicarboxylic acids, in particular esters belonging to a group comprising
malonates, maleates, succinates, citraconates, glutarates, cyclohexene-1,2-dicarboxylates and benzoates, and any
derivatives and/or mixtures thereof. Preferred examples are e.g. substituted maleates and citraconates, most preferably
citraconates.
[0088] In emulsion method, the two phase liquid-liquid system may be formed by simple stirring and optionally adding
(further) solvent(s) and additives, such as the turbulence minimizing agent (TMA) and/or the emulsifying agents and/or
emulsion stabilizers, like surfactants, which are used in a manner known in the art for facilitating the formation of and/or
stabilize the emulsion. Preferably, surfactants are acrylic or methacrylic polymers. Particularly preferred are unbranched
C12 to C20 (meth)acrylates such as poly(hexadecyl)-methacrylate and poly(octadecyl)-methacrylate and mixtures thereof.
Turbulence minimizing agent (TMA), if used, is preferably selected from α-olefin polymers of α-olefin monomers with 6
to 20 carbon atoms, like polyoctene, polynonene, polydecene, polyundecene or polydodecene or mixtures thereof. Most
preferable it is polydecene.
[0089] The solid particulate product obtained by precipitation or emulsion - solidification method may be washed at
least once, preferably at least twice, most preferably at least three times with an aromatic and/or aliphatic hydrocarbons,
preferably with toluene, heptane or pentane. The catalyst can further be dried, as by evaporation or flushing with nitrogen,
or it can be slurried to an oily liquid without any drying step.
[0090] The finally obtained Ziegler-Natta catalyst is desirably in the form of particles having generally an average
particle size range of 5 to 200 mm, preferably 10 to 100 mm. Particles are compact with low porosity and have surface
area below 20 g/m2, more preferably below 10 g/m2. Typically, the amount of Ti is 1 to 6 wt%, Mg 10 to 20 wt% and
donor 10 to 40 wt% of the catalyst composition.
[0091] Detailed description of preparation of catalysts is disclosed in WO 2012/007430, EP2610271, EP 261027 and
EP2610272 which are incorporated here by reference.
[0092] The Ziegler-Natta catalyst (ZN-C) is preferably used in association with an alkyl aluminum cocatalyst and
optionally external donors.
[0093] The catalyst system which is used according to the present invention also comprises an aluminium alkyl com-
pound, preferably of the general formula AlR3-nXn wherein R is straight chain or branched alkyl group having 1 to 20,
preferably 1 to 10 and more preferably 1 to 6 carbon atoms, X is halogen and n is 0, 1, 2 or 3, which aluminium alkyl
compound is added, and brought into contact with the droplets of the dispersed phase of the agitated emulsion before
recovering the solidified particles of the catalyst.
[0094] It is further preferred that at least a part of the aluminium compound is added, in pure form or in the form of a
solution, from shortly before the beginning of the emulsion formation until adding it to the washing liquid, e.g. toluene,
in such an amount that the final Al content of the particles is from 0.05 to 1 wt%, preferably 0.1 to 0.8 wt% and most
preferably 0.2 to 0.7 wt%. by weight of the final catalyst particles. The most preferred Al content may vary depending
upon the type of the Al compound and on the adding step. For example, in some cases the most preferred amount may
be 0.1 to 0.4 wt%.
[0095] Still further, preferably tri-(C1-C6)-alkyl aluminium compounds are used, triethylaluminium being most preferred.
[0096] In Ziegler-Natta catalysts alumimium alkyl compounds are used as cocatalysts, i.e. for activating the catalyst.
During activation of polypropylene catalysts, not only does the alkyl aluminium reduce and alkylate the active metal, but
it has also influence on the donor composition. It is well-known that alkyl aluminium compounds can remove carboxylic
acid esters, which are used as internal donors.
[0097] In the catalysts used in the present invention, the internal donor, preferably substituted maleates and citraco-
nates, can be significantly extracted from the catalyst by means of the alkyl aluminium compound.
[0098] The extraction level is dependent on the concentration of the aluminium alkyl. The higher the concentration,
the more of the internal donor can be extracted. Further, the addition of the external donor together with aluminium alkyl
improves the donor exchange. The longer the reaction time is, the more external donor is bound on the catalyst.
[0099] As a further component in the instant polymerization process, an external donor (ED) is preferably present.
Suitable external donors (ED) include certain silanes, ethers, esters, amines, ketones, heterocyclic compounds and
blends of these. It is especially preferred to use a silane. It is most preferred to use silanes of the general formula

 Ra
pRb

qSi(ORc)(4-p-q)

wherein Ra, Rb and Rc denote a hydrocarbon radical, in particular an alkyl or cycloalkyl group, and wherein p and q are
numbers ranging from 0 to 3 with their sum p + q being equal to or less than 3. Ra, Rb and Rc can be chosen independently
from one another and can be the same or different. Specific examples of such silanes are (tert-butyl)2Si(OCH3)2, (cy-
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clohexyl)(methyl)Si(OCH3)2, (phenyl)2Si(OCH3)2 and (cyclopentyl)2Si(OCH3)2, or of general formula
Si(OCH2CH3)3(NR3R4),
wherein R3 and R4 can be the same or different a represent a hydrocarbon group having 1 to 12 carbon atoms.
[0100] R3 and R4 are independently selected from the group consisting of linear aliphatic hydrocarbon group having
1 to 12 carbon atoms, branched aliphatic hydrocarbon group having 1 to 12 carbon atoms and cyclic aliphatic hydrocarbon
group having 1 to 12 carbon atoms. It is in particular preferred that R3 and R4 are independently selected from the group
consisting of methyl, ethyl, n-propyl, n-butyl, octyl, decanyl, iso-propyl, iso-butyl, iso-pentyl, tert.-butyl, tert.-amyl, neo-
pentyl, cyclopentyl, cyclohexyl, methylcyclopentyl and cycloheptyl.
[0101] More preferably, both R3 and R4 are the same, yet more preferably both R3 and R4 are an ethyl group.
[0102] Especially preferred external donors (ED) are the cyclohexylmethyl dimethoxy silane donor (C-Donor) or the
pentyl dimethoxy silane donor (D-donor), the latter especially preferred.
[0103] It is preferred that a solution containing alkyl aluminium and external donor in an organic solvent, e.g. pentane,
are added to the catalyst after solidification of the catalyst particles.
[0104] Typically, tri-ethyl aluminium (TEAl) is used as cocatalyst and silanes as external donors as is disclosed e.g.
in articles Sacci, M. C; Forlini, F.; Tritto, I and Locatelli, P., Macromolecules, 1996, 29, 3341 -3345 and Sacci, M. C;
Tritto, I.; Shan, C. and Mendichi, R., Macromolecules, 1991, 24, 6823-6826.
[0105] As mentioned above, the catalyst which is obtained by the above described process is a non-supported Ziegler-
Natta catalyst. Non-supported catalysts do not use any external carrier, contrary to conventional catalysts, e.g. conven-
tional Ziegler-Natta catalysts, which are e.g. supported on silica or MgCl2.
[0106] Further preferred embodiments of the catalyst system production include all preferred embodiments as de-
scribed in WO 2014/187686 A1 and WO 2016/066446 A1.
[0107] The random heterophasic polypropylene copolymer has MFR2 (230°C) in the range of 0.5 to 15.0 g/10 min,
preferably in the range of 1.0 to 10.0 g/10 min, even more preferably in the range of 2.0 to 8.0 g/10 min.
[0108] Further, the random heterophasic polypropylene copolymer has a flexural modulus below 400 MPa, and pref-
erably above 200 MPa, preferably in the range of 200 to 380 MPa.
[0109] Further, the random heterophasic polypropylene has relaxation spectrum index (RSI) at 200°C below 20.0,
preferably below 18, more preferably below 15. The RSI may be above 5, more preferably above 8, most preferably
above 10. Advantageously, the random heterophasic polypropylene has relaxation spectrum index (RSI) at 200°C in
the range of 10.0 to 20.0, most preferably in the range of 12.0 to 18.0.
[0110] The relaxation spectrum index is a measure of the post-extrusion cable jacket shrinkage. Post-extrusion cable
jacket shrinkage may be measured in the laboratory environment, but since it is highly dependent on the extrusion
conditions of the cable, e.g. temperature profile, line speed, cooling bath position, cooling bath temperature and cable
roll-up temperature, the value of post-extrusion cable jacket shrinkage obtained in the lab does not always correlate with
the value obtained in the production line. Therefore, relation spectrum index (RSI) is used to predict post-extrusion
shrinkage. RSI is an indicator of the molecular structure of the polymer, and shows how fast the polymer chains relax
from shear elongation, as described in the paper Rheology and Material Shrinkback in Fiber Optic Cable Extrusion
presented at the 62nd IWCS Conference by Ziwei Liu and Wei Liu from Corning Cable systems. Ideally, to avoid post-
extrusion shrinkage the polymer chains should have time to fully relax before the material is cooled down to solid state.
If the polymer chains are not fully relaxed, the frozen-in stresses will cause jacket shrinkage when the polymer chains
rearrange into their preferred chain configurations. This process is faster at elevated temperatures as heat energy
increases the mobility of the polymer chains.
[0111] The random heterophasic polypropylene copolymer may have a wear index equal or below 10.0 mg/1000
cycles, preferably in the range between 1.0 to 6.0 mg/1000 cycles.
[0112] The random heterophasic polypropylene copolymer may have Charpy impact strength at -20°C in the range
of 5 to 20 kJ/m2, preferably 8 to 15 kJ/m2; and/or Charpy impact strength measured at 0°C in the range of 40 to 90
kJ/m2, preferably 50 to 80 kJ/m2; and/or Charpy impact strength at 23°C in the range of from 40 to 90 kJ/m2, preferably
50 to 80 kJ/m2.
[0113] The random heterophasic polypropylene copolymer may have Shore D (1s) in the range of from 35 to 50. Shore
D is a measure of the softness of the material. Shore D (3s) may be in the range of from 35 to 50.
[0114] The random heterophasic polypropylene copolymer may have a melting temperature in the range of from 130
to 160°C, preferably from 140 to 155°C.
[0115] The random heterophasic polypropylene copolymer may constitute at least 95 wt%, preferably at least 97 wt%,
of the cable jacket.
[0116] The cable jacket may further comprise a UV stabilizer in an amount of up to 5 wt%, preferably up to 3 wt% of
the entire jacket. The UV stabilizer may for instance be carbon black. Small amounts of other additives, such as anti-
oxidants may be present in an amount from 0.01 to 1 wt%.
[0117] The present invention further pertains to a cable comprising the cable jacket as describe in any of the above
embodiments. Preferably, the cable is a communication cable, and even more preferably a fiber optic cable.
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[0118] The cable may comprise a core tube having transmission media disposed therein and a cable jacket as described
above as the outer jacket of the cable.

DETAILED DESCRIPTION OF THE INVENTION

Measurements Methods

Melting point

[0119] The melting point was determined with differential scanning calorimetry according to ISO11357-3.

Charpy impact strength

[0120] Charpy impact strength was measured at -20°C, 0°C and 23°C according to ISO 179-1/1eA. The test specimens
were made from 4 mm thick plaques prepared by compression moulding at 200°C with cooling rate 15°C/min. The
notches were of type A (V-notch) with radius 0.,25 6 0.,05 mm. The pendulum energies used were 0.5, 1, 2, and 4 J.
Different pendulums were used because according to ISO 179-1/1eA, the absorbed energy at impact needs to be
between 10 and 80% of the impact energy. 10 specimens were tested for each test condition and the reported values
are the average from 10 measurements. The type of failure is also reported. According to ISO 179-1/1eA, four different
types of failure can occur:

C complete break: a break in which the specimen separates into two or more pieces;

H hinge break: an incomplete break such that both parts of the specimen are held together only by a thin peripheral
layer in the form of a hinge having low residual stiffness;

P partial break: an incomplete break that does not meet the definition for hinge break;

N non-break: there is no break, and the specimen is only distorted, possibly combined with stress whitening.

MFR

[0121] The melt flow rate MFR was measured in accordance with ISO 1133. The polyethylene examples have been
analysed at 190°C with a load of 2.16 kg and the polypropylene samples at 230°C and 2.16 kg load.

Shore D

[0122] Shore D hardness was tested on a durometer hardness tester Bareiss HPE II. Samples for testing were prepared
from 2 mm thick plaques produced by compression moulding at 180°C for the comparative examples CE1 and CE2 and
at 230°C for the inventive example IE1. Cooling rate was 15°C/min. After compression moulding, the plaques were
conditioned for at least one hour at room temperature before the metal frames were removed.
[0123] The Shore D hardness after 3 seconds was determined according to ISO 7619-1, and the Shore D hardness
after 1 second were determined according to ISO 868, with the deviation that the median value is reported. The reported
values are median values from five measurements.

Flexural modulus

[0124] Flexural modulus was determined according to ISO 178, which describes the procedure for a 3 point bending
test. For the inventive example IE1, injection moulded specimens were used, produced according to ISO 1873-2. The
test specimens for the comparative examples CE1 and CE2 were prepared by die cutting from 4 mm thick compression
moulded plaques prepared according to ISO 1872-2.

Rheological testing

[0125] The measurements were conducted using a Paar Physica MCR 501. A parallel-plate geometry with a diameter
of 25 mm (PP25 SN39726) and a gap of 1.8 mm was chosen as measuring system. Frequency sweep test was perfomed
for all samples. The test condition were as following:
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Strain (γ): 2% within the Linear Viscoelastic Range (LVE-R);

Frequency was varied between: 500-0.05 rad/s;

Temperature: 200°C.

[0126] Relaxation spectrum was defined for the sample using IRIS™ rheology software. The RSI calculations were
done according to procedure described in EP1540669 B1.

Tensile strength

[0127] Tensile strength was measured according to ISO 527-2/5A with drawing rate 50 mm/min. The type 5A test
specimen were prepared from 2 mm thick plaques prepared by compression moulding at 200°C with cooling rate
15°C/min. The exception is PP, which was compression moulded at 180°C with cooling rate 15°C/min.

Taber abrasion (wear index)

[0128] Abrasion resistance was tested on 2 mm thick compression moulded plaques prepared by compression mould-
ing at 200°C with cooling rate 15°C/min. The testing was performed on a Taber abraser according to ASTM D 4060 with
the abrasive wheel CS17. Two specimens are tested for each material, and the wear index of the materials is determined
after 5000 cycles of abrasion. The wear index is defined as the weight loss in mg per 1000 cycles of abrasion.

ESCR

[0129] Environmental stress cracking resistance was tested with the Bell test according to ASTM D 1693 with 10%
Igepal CO 630. This method is normally used for polyethylene materials only. The PP material of the invention was
tested according to this method in order to compare the stress cracking resistance of this material with the commercial
jacketing grades. The specimens used for testing were prepared by compression moulding at 200°C with cooling rate
15°C/min.

XCS

[0130] Xylene cold soluble fraction was measured according to according ISO 16152 (25°C), first edition; 2005-07-01.

Poly(propylene-co-ethylene) - ethylene content - 13C NMR spectroscopy

[0131] Quantitative 13C{1H} NMR spectra were recorded in the solution-state using a Bruker Avance III 400 NMR
spectrometer operating at 400.15 and 100.62 MHz for 1H and 13C respectively. All spectra were recorded using a 13C
optimised 10 mm extended temperature probehead at 125°C using nitrogen gas for all pneumatics. Approximately 200
mg of material was dissolved in 3 ml of 1,2-tetrachloroethane-d2 (TCE-d2) along with chromium (III) acetylacetonate
(Cr(acac)3) resulting in a 65 mM solution of relaxation agent in solvent (Singh, G., Kothari, A., Gupta, V., Polymer Testing
28 5 (2009), 475). To ensure a homogenous solution, after initial sample preparation in a heat block, the NMR tube was
further heated in a rotatory oven for at least 1 hour. Upon insertion into the magnet the tube was spun at 10 Hz. This
setup was chosen primarily for the high resolution and quantitatively needed for accurate ethylene content quantification.
Standard single-pulse excitation was employed without NOE, using an optimised tip angle, 1 s recycle delay and a bi-
level WALTZ16 decoupling scheme (Zhou, Z., Kuemmerle, R., Qiu, X., Redwine, D., Cong, R., Taha, A., Baugh, D.
Winniford, B., J. Mag. Reson. 187 (2007) 225, Busico, V., Carbonniere, P., Cipullo, R., Pellecchia, R., Severn, J., Talarico,
G., Macromol. Rapid Commun. 2007, 28, 1128). A total of 6144 (6k) transients were acquired per spectra.
[0132] Quantitative 13C{1H} NMR spectra were processed, integrated and relevant quantitative properties determined
from the integrals. All chemical shifts were indirectly referenced to the central methylene group of the ethylene block
(EEE) at 30.00 ppm using the chemical shift of the solvent. This approach allowed comparable referencing even when
this structural unit was not present. Characteristic signals corresponding to the incorporation of ethylene were observed
(Cheng, H. N., Macromolecules 17 (1984), 1950) and the comonomer fraction calculated as the fraction of ethylene in
the polymer with respect to all monomer in the polymer: fE = (E / (P + E). The comonomer fraction was quantified using
the method of Wang et. al. (Wang, W-J., Zhu, S., Macromolecules 33 (2000), 1157) through integration of multiple signals
across the whole spectral region in the 13C{1H} spectra. This method was chosen for its robust nature and ability to
account for the presence of regio-defects when needed. Integral regions were slightly adjusted to increase applicability
across the whole range of encountered comonomer contents. For systems with very low ethylene content where only
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isolated ethylene in PPEPP sequences were observed the method of Wang et. al. was modified reducing the influence
of integration of sites that are no longer present. This approach reduced the overestimation of ethylene content for such
systems and was achieved by reduction of the number of sites used to determine the absolute ethylene content to E =
0.5(Sββ + Sβγ + Sβδ + 0.5( Sαβ + Sαγ)). Through the use of this set of sites the corresponding integral equation becomes
E = 0.5(IH +IG + 0.5(IC + ID)) using the same notation used in the article of Wang et. al. (Wang, W-J., Zhu, S., Macro-
molecules 33 (2000), 1157). Equations used for absolute propylene content were not modified. The mole percent comon-
omer incorporation was calculated from the mole fraction: E [mol%] = 100 * fE. The weight percent comonomer incor-
poration was calculated from the mole fraction: E [wt%] = 100 * (fE * 28.06) / ((fE * 28.06) + ((1-fE) * 42.08)).

Examples

Materials

[0133] PP is soft random heterophasic propylene copolymer having MFR2 (230 °C/2,16 kg) of 3.8 g/10min, measured
according to ISO 1133, Flexural Modulus of 327 MPa, measured on injection moulded specimens, conditioned at 23 °C
and 50 % relative humidity according to ISO 178, and melting temperature (DSC) of 149°C, measured according to ISO
11357-3.
[0134] PE1 is a bimodal LLDPE having density of 923 kg/m3 (ISO 1872-2/ISO 1183) and MFR2 (190 °C/2,16 kg) of
0.85 g/10min (ISO 1133).
[0135] PE2 is a bimodal HDPE having density of 946 kg/m3 (ISO 1872-2/ISO 1183) and MFR2 (190 °C/2,16 kg) of
0.5 g/10min (ISO 1133).
[0136] PE3 is a bimodal HDPE having density of 942 kg/m3 (ISO 1872-2/ISO 1183) and MFR2 (190 °C/2,16 kg) of
1.7 g/10min (ISO 1133).
[0137] All the materials are commercially available from Borealis AG. The grades used in the comparative examples
are bimodal polyethylene grades designed for cable jacketing applications.
[0138] Table 1 provides an overview of relevant jacketing properties for the comparative examples CE1, CE2 and
CE3, and the inventive example IE1.

[0139] The material of the inventive example IE1 surprisingly exhibits a good balance of properties making is suitable
for jacketing, wherein high flexibility, high abrasion resistance and low shrinkage are important. Thus, the material of
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IE1 shows an optimal balance of flexural modulus, abrasion resistance and impact strength. Flexural modulus of the
material in IE1 is lower than for conventional LLDPE jacketing (CE1) and also HDPE jacketing grades (CE2 and CE3),
which are more rigid and not very flexible in comparison.
[0140] In small cable constructions, increased jacket flexibility has a significant impact on the flexibility of the whole
cable and increased flexibility makes installation in small and confined spaces easier.
[0141] Tensile properties of the material of the inventive example (IE1) is on the same level as the bimodal jacketing
grades although both tensile strength and tensile elongation is a bit lower, especially compared to the material of CE2
which has very good tensile properties. This is to be expected as a result of the increased softness and flexibility of the
material of the inventive example.
[0142] Low temperature impact is normally said to be the main weakness of polypropylene material in cable applications,
since cables are often subjected to temperatures below zero degrees Celsius. As to the impact strength at low temper-
atures, Table 1 shows that the material of IE1 has similar impact strength as the material of CE1 at 23°C, 0°C and -20°C.
The bimodal HDPE material of CE2 has lower impact strength as a result of the higher stiffness of this material.
[0143] The material of IE1 has a melting point that is 20-25°C higher than the melting points of the materials of the
comparative examples. The higher melting point means maintained solid state mechanical properties at temperatures
of 130°C and above where the polyethylene materials are melted.
[0144] The material of the inventive example IE1 is considerably softer than the materials of the comparative examples,
as illustrated by the low Shore D value. However, despite the softness, it shows a surprisingly good abrasion resistance
compared to the bimodal polyethylenes in the comparative examples CE1 and CE2.
[0145] The wear index of the material of IE1, defined as weight loss per 1000 cycles of abrasion, is about 1/4 of the
wear index of the bimodal polyethylenes. For a cable jacket, this means that it will be less sensitive towards frictional
forces arising during installation.
[0146] The material of IE1 has a lower RSI than the polyethylene jacketing materials of CE1, CE2 and CE3, thus
indicating that this material gives less post-extrusion shrinkage if extruded with similar cooling rate.
[0147] The materials of comparative examples and inventive example all show more than 5000 hours environmental
stress cracking resistance (ESCR).
[0148] Although the present invention has been described with reference to various embodiments, those skilled in the
art will recognize that changes may be made without departing from the scope of the invention. It is intended that the
detailed description be regarded as illustrative, and that the appended claims including all the equivalents are intended
to define the scope of the invention.

Claims

1. A cable jacket comprising a random heterophasic propylene copolymer, wherein said copolymer has MFR2 (230°C)
in the range of from 0.5 to 15 g/10 min, measured according to ISO 1133; flexural modulus below 400 MPa, measured
according to ISO 178; and relaxation spectrum index (RSI) at 200°C below 20.0, measured as indicated in the
description.

2. The cable jacket according to claim 1, wherein said random heterophasic propylene copolymer has a wear index
measured according to ASTM D 4060 (BTM22549, abrasive wheel CS-17, 1000 g load) equal or below 10.0 mg/1000
cycles, preferably in the range between 1.0 to 6.0 mg/1000 cycles.

3. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer has Charpy impact strength measured according to ISO 179-1/1eA at -20°C in the range of 5 to 20 kJ/m2,
preferably 8 to 15 kJ/m2.

4. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer has Charpy impact strength measured according to ISO 179-1/1eA at 0°C and or 23°C in the range of 40
to 90 kJ/m2, preferably 50 to 80 kJ/m2.

5. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer has relaxation spectrum index (RSI) at 200°C measured as indicated in the description below 18, preferably
below 15.

6. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer has relaxation spectrum index (RSI) at 200°C measured as indicated in the description above 5, preferably
above 8, more preferably above 10.
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7. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer has flexural modulus measured according to ISO 178 above 200 MPa.

8. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer has MFR2 (230°C) measured according to ISO 1133 in the range of 1 to 10 g/10 min, preferably 2 to 8 g/10 min.

9. The cable jacket according to any one of the preceding claims wherein said random heterophasic propylene copol-
ymer has Shore D (1s) measured according to ISO 868 in the range of 35 to 50.

10. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer constitutes at least 95 wt%, preferably at least 97 wt%, of said cable jacket.

11. The cable jacket according to any one of the preceding claims, wherein said random heterophasic propylene co-
polymer comprises as matrix a random ethylene propylene copolymer and dispersed therein an ethylene propylene
rubber.

12. A cable comprising the cable jacket according to any one of the preceding claims.

13. The cable according to claim 12, wherein said cable is a communication cable.

14. The cable according to claim 12 or 13, wherein said cable is a fiber optic cable.

15. The fiber optic cable according to claim 14, which comprises a core tube having transmission media disposed therein
and a cable jacket according to any one of claims 1 to 11 as outer jacket for the cable disposed around the core.
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