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[57] ABSTRACT.

An electric cable comprises 4t least one insulated con-
ductor enclosed in a sheath of a polymeric composi-
tion which comprises a polymerized propylene
sequence and a propylene/ethylene copolymer
sequence, has a melt index (230°C; 2.16 kgms) of
0.01 to 0.5, preferably 0.025 to 0.25 arid an ethylene

- content .in the range 10-30 percent by. weight,

preferably at least 15 percent by weight. The conduc-
tor can be insulated with the same polymeric composi-
tion as is used for the sheath. The cable may also in-
clude a dielectric screen material which is the
polymeric composition containing 20-40 percent by
weight of carbon black. ‘

8 Claims, 9 Drawing Figures
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ELECTRIC CABLES WITH
ETHYLENE-PROPYLENE INSULATION

This application is a division of our copending appli-
cation, Ser. No. 70,987 filed Sept. 10, 1970.-

This invention relates to olefine polymer composi-
tions of propylene and ethylene and to the use of such
«compositions in electric cables.

Whilst the electrical properties of crystalline
propylene/ethylene copolymers at present commer-
cially available render these materials suitable for use
in the manufacture of electric cables, especially as con-
ductor insulation and/or sheathing, their excessive stiff-
ness and excessive brittleness, especially at low and
sub-zero temperatures, seriously limit their usefulness.

It is an object of the present invention to provide an
improved crystalline propylene/ethylene copolymer
having mechanical properties-that render the material
eminently suitable for use in electric cables operating
over a wide temperature range.

According to the present invention there is provided
a crystalline polymeric composition comprising at least
one sequence of either propylene homopolymerized or
of propylene copolymerised with up to 10 percent by
weight copolymerized the composition of at least one
other olefine monomer (which may be or may include
ethylene), this sequence hereafter being referred to as
the “propylene sequence”, and at least a further se-
quence of propylene copolymerized with ethylene, this
sequence hereafter being referred to as the “copolymer
sequence’’, wherein said composition contains between
10 and 30 percent by weight of polymerized ethylene
and has a melt flow index (measured by ASTM Test
Method D 1238-65T at 230°C using a 2.16 kgm
weight) of between 0.01 and 0.5. The melt flow index
of the polymeric composition is preferably between
0.025 and 0.25. '

Preferably the composition comprises only one pro-
pylene sequence and only one copolymer sequence.
The polymeric compositions may, however, comprise
more than one of each sequence and in such a case the
sequences will alternate with each other. The propyl-
ene sequence comprises the major part of the polymer
composition and this sequence has a high softening
temperature, comparable with that of crystalline poly-
propylene. The polymeric composition may contain se-
quences other than the propylene and copolymer se-
quences but these other sequences, for example a poly-
ethylene sequence, may form only a minor part of the
polymer composition and should not substantially af-
fect the properties of the polymer composition as a
whole. If the propylene sequence is a copolymer the
amount of comonomer present should be sufficient to
improve the flexibility of the sequence compared to
crystalline polypropylene without producing a pro-
nounced lowering of the softening temperature of the
polymeric composition. The amount of comonomer
present in this sequence will be dependent on the par-
ticular comonomer or comonomers, and thus, if ethyl-
ene is used, only a small quantity should be present,
preferably not more than 3 percent of the total weight
of the polymeric composition, whilst if a higher olefine
monomer is used such as butene-1, up to 10 percent of
the total weight of the polymeric composition may be
copolymerized butene-1 without there being a signifi-
cant effect on the softening temperature of the polymer
composition.
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The polymeric composition contains preferably at
least 15 percent and particularly 25 percent by weight
of polymerized ethylene. If both sequences contain eth-
ylene, the total amount of ethylene should not exceed
30 percent by weight with no more than 3 percent by
weight of ethylene being in the propylene sequence. It .
will be appreciated that a reference to a polymeric
composition containing ethylene or another olefine
should be understood to mean that the monomer is
present in the polymerized and/or copolymerized form.

According to a furthet aspect of the present inven-
tion there is provided a process for the preparation of
a polymeric composition using a sequential polymeriza-
tion technique wherein polymerization is effected in at
least two stages, using a polymerization catalyst com-
prising titanium trichloride and an organ-aluminum
compound, one of said stages being a polymerization
stage giving a propylene sequence as hereinbefore de-
fined, the other of said stages being a copolymerization
stage giving a copolymer sequence as hereinbefore de-
fined, the ethylene being polymerized in a quantity suf-
ficient to produce a polymer composition containing
10-30 percent by weight of polymerized ethylene.

The titanium trichloride component of the catalyst
can be any of the known forms of titanium trichloride.
These include the product obtained by the reduction of
titanium tetrachloride with hydrogen and the material
described in British Pat. No. 877,050, which is the
product obtained by the reduction of titanium tetra-
chloride with aluminum metal and which has the em-
pirical formula AITi,Cl,,. v

However, we prefer to use as the titanium trichloride
component the product of the reduction of titanium
tetrachloride by an aluminum dialkyl halide at a tem-
perature between —20°C ‘and +20°C. We particularly
prefer to use the product obtained by the gradual addi-
tion of an aluminum dialkyl halide to a stirred solution
of titanium tetrachloride maintained at a‘temperature
in the range —20°C to +20°C, preferably 0°C. Using our
particularly preferred titanium trichloride component
together with a dialky! aluminum halide as activator, it
is possible to effect polymerization using high concen-
trations of monomers without obtaining a thick intrac-
table slurry which would be difficult to process further.

Optionally, hydrogen is present during the propylene
sequence polymerization stage. When hydrogen is
used, it is present in a sufficient amount to produce a
polymer composition having a melt flow index of 0.01
to 0.5 and we have found that polymer compositions
having melt flow indices within the desired range can
be obtained at 60°C using 0.05 to 0.125 mole percent
of hydrogen in the propylene. However at lower and
higher temperatures, greater and smaller quantities re-
spectively of hydrogen will be required to obtain the
desired melt flow index. At 70°C, the amount of hydro-
gen which may be used is in the range 0.03 to 0.075
mole percent and at 53°C, the maximum amount of hy-
drogen is 0.16 mole percent. At lower temperatures
such as 30°C or even 20°C, the maximum amount of
hydrogen to give the desired melt flow index is 0.27 or
0.33 mole percent respectively of hydrogen in'the pro-
pylene. : :

When the polymerization is complete, the catalyst is
deactivated, for example by the addition of an alcohol,
and removed from che polymer using well known con-
ventional catalyst removal procedures, for example,
washing the polymer with water, more alcohol or an
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inert hydrocarbon such as the polymerization diluent.
Itis preferred in order to obtain good insulating proper-
ties, that the amount of residual catalyst is reduced to
a low level.

Although the propylene sequence polymerization
stage and the copolymer sequence copolymerization
stage of the sequential polymerization may, if desired,
be repeated several times, we prefer to effect each
stage once only.

The polymerization can be effected by polymerizing
propylene, optionally together with another olefine
monomer as the first stage, and then, before the propyl-
ene in the first stage is completely polymerized, intro-
ducing, as a single shot, ethylene for the second stage
and thereafter copolymerizing the ethylene and the
propylene. The single shot of ethylene is in a sufficient
amount to produce the desired quantity of polymerized
ethylene in the final polymeric composition. Preferably
the ethylene is introduced whilst there is a substantial
quantity of propylene remaining, for example a partial
pressure of propylene in excess of 0.5 atmospheres
(0.53 kgm/sq cm). The ethylene is conveniently intro-
duced when the partial pressure of propylene remain-
ing is in the range 1.76 to 3.16 kgm/sq cm.

Alternatively, the second stage can be effected using
a mixed feed of ethylene and propylene rather than a
single shot of ethylene, and this technique produces
polymer compositions having improved toughness
compared to compositions produced by the use of a
single shot of ethylene and containing the same amount
of polymerized ethylene in the final product.

The polymeric compositions in accordance with the
invention are tough, even at low temperatures and have
heat deformation characteristics that approach those of
polypropylene. Furthermore, the flexibility of our poly-
meric compositions as indicated by the modulus of
elasticity is similar to that of high density polyethylene
having a density of approximately 0.95 g/cm? and the
compositions exhibit high resistance to environmental
stress cracking. Furthermore, the high melting temper-
ature of our polymeric compositions permits their use
at high temperatures. When suitably stabilized they can
be used at such high temperatures for an extended pe-
riod of time even when in contact with air and in inti-
mate contact with copper. For instance electric cables
incorporating our compositions can be operated con-
tinuously at 90°C for in excess of 20 years and would
not be damaged at 145° for at least 1,500 hours.

An additional advantage of our polymeric composi-
tions is that they show much reduced voiding in slow
cooled samples. Thus, if a sample of crystalline poly-
propylene is heated on a microscope slide, and cooled
slowly from the melt, small voids can be observed to
form between the spherulites, whereas the polymeric
compositions of the present invention show little or no
voiding under the same conditions.

The mechanical properties of our polymeric compo-
sitions are combined with chemical inertness and a high
degree of resistance to many environments including
those in which fungi and bacteria are present and a high
degree of resistance to insects such as termites. The
polymeric compositions also have a high resistance to
cutting, crushing and abrasion over a wide range of
temperatures.

A further advantage of our polymeric compositions
is that they will accept a higher loading of compound-

4

ing ingredients, such as carbon black, than crystalline
polypropylene. '

Thus, as a further aspect of the present invention,
there is provided a semi-conductive composition com-
prising the polymeric composition in accordance with
the invention containing conductive carbon black.

This composition is suitable for use in forming a
semi-conducting conductor and/or dielectric screen on
an electric cable. It is preferred that the content of car-
bon is at least 20 percent by weight in order to obtain

“a sufficient conductivity but normally not more than 40

percent by weight and we have found that with 25 to
30 percent by weight of conductive carbon black a sat-
isfactory conductivity is obtained without the mechani-
cal properties of the polymeric composition being un-
acceptably affected. For these semi-conducting com-

- positions it is preferred to use polymeric compositions

- and cables and also for use as a
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containing 25 percent, or more, by weight of ethylene.

The combination of properties possessed by our poly-
meric compositions render them especially suitable for
use in the manufacture of insulated electric conductors

semiconducting screen
in cables. :

The various forms of cables and conductors in which
the polymer compositions may be used include low and
medium voltage and super-tension power cables, con-
trol cables and covered wires, mineral insulated cables,
pilot and telecommunication cables and radio and
higher frequency cables. In addition to their use in ca-
bles and cable accessories, the mechanical and electri-
cal properties of the polymeric compositions and the
ease with which they can be extruded or otherwise pro-
cessed render the materials useful for other electrical
applications, for instance for insulating motor windings
especially submersible pump motor windings.’

Accordingly, the invention also includes an electric
conductor having at least one insulating covering of
solid, laminated or cellular form which covering -is
formed of a polymeric composition in accordance with
the present invention. The invention includes an elec-
tric cable comprising a plurality of such insulated con-
ductors. v

The invention further includes a single or multicore
electric cable comprising an insulated conductor or a
plurality of insulated conductors enclosed in a sheath
of the polymeric composition of the present invention,
the insulation of the conductors may also be made of
the polymeric composition of the invention.

The invention also includes a single or multicore
electric cable in which the or each core include a con-
ductor and/or dielectric screen comprising a layer of a
semi-conductive polymeric composition of the present
invention containing conductive carbon black.

The polymeric compositions of the present invention
can be applied to a conductor or core by extrusion over
a wide range of wall thicknesses and can be successfully
applied to both round and shaped conductors and to
solid and corrugated metal sheaths, the technique em-
ployed being similar to that employed when extruding
polyethylene. Insignia can be embossed on coverings of
the polymeric composition using the technique hitherto
employed when embossing polyethylene.

The improved mechanical properties of the poly-
meric compositions of the present invention will be fur-
ther illustrated, by way of example, by the following
test results that were obtained in testing two commer-
cial grades of crystalline propylene/ethylene copoly-
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mers, designated A and B, copolymer A being a high
molecular weight extrusion grade material containing
-about 8 percent by weight of polymerized ethylene and
copolymer B being an injection moulding grade mate-
. rial, containing about 15 percent by weight of polymer-
ized ethylene, and four polymeric compositions, C, D,
E and F in accordance with the present invention.

EXAMPLE 1 — Preparation of polymeric composition ‘

C ,

.70 1 of a dry aliphatic hydrocarbon diluent boiling
point 100°-180°C were added to a stirred jacketed
stainless steel autoclave. All air was removed by evacu-
ation and the system was purged with a stream of pro-
‘pylene for 5 minutes, 0.7 mole of diethyl aluminum
chloride (dissolved in hydrocarbon solvent) was then
added to the autoclave, followed by 0.42 mole of TiCl,

prepared by reducing TiCl, with aluminum alkyl chlo-

rides as in British Pat. No. 1,014,944,

The reactor was heated to 60°C and 22.5 kg of pro-
pylene containing 0.06 mole percent.of hydrogen were
added over a period of 3 hours. After this, the auto-
geneous pressure was allowed to fall until the propyl-
ene partial pressure was 35 p.s.i.a. At this point 7.5 kg
" .of ethylene were added over a period of 2 hours. Then
the slurry was quenched with isopropanol, and catalyst
residues were extracted in the normal fashion by con-
tinued washing with water. The polymeric composition
was filtered and dried to yield 28 kg of powder, having
a polymerized ethylene content of 25 percent by
weight. This was densified in an extruder using 1,1,3-
tris-(2'-methyl-5'-tert-butyl 4’-hydroxyphenyl) butane
" and dilauryl thiodipropionate as stabilizers.

" EXAMPLE 2 — Preparation of polymeric composition
D
. A polymeric composition was prepared as in Exam-

ple 1 except that the hydrogen concentration in propyl-

ene was 0.10 mole percent. The polymeric composition
contained 25 percent by weight of polymerized ethyl-
ene.

-6
merized ethylene.
EXAMPLE 4 — Preparation of polymeric composition
F o :
~ Diluent, catalyst aluminum alkyl were charged into
5 an autoclave, as in Example 1. 25.5 kg of propylene
containing 0.05 mole percent of hydrogen were added
over a period of 3 hours. Then the autoclave was .
cooled to 50°C and propylene allowed to polymerize
until its partial pressure in the reactor was 20 p.s.i.a. At
this point 4.5 kg of ethylene were added over a period
of 2 hours. After feeding 0.6 kg of ethylene, a continu-
ous feed of propylene was also introduced at the rate
of 2.3 kg/hr. After feeding all the ethylene, the reaction
was quenched with isopropanol and worked up as in
Example 1. The polymeric composition contained 15
percent by weight of polymerized ethylene.

A series of test specimens were prepared from poly-
meric compositions A to F by compression moulding
granules of the compositions using a temperature of
20 200°C for all polymeric compositions except composi-
tion A for which a temperature of 225°C was used, a
pressure of 1,100 p.s.i. for 0.25 inch thick samples or
630 p.s.i. for 0.125 inch thick samples and a moulding
time of 10 minutes.

The samples were then either fast cooled by transfer-
rmg to a press heated to 160°C and coolmg by circulat-
ing cold water through the press (to give a cooling time
of 5-10 minutes) or slow cooled by leaving in the press
and allowing to cool naturally, taking approximately 6
hours to cool from 200°C to 60°C. = .

The samples were then subjected to a series of tests
to determine their mechanical properties. The results
obtained with the fast cooled specimens are set out in
Table I and with the slow cooled specimens in Table II.
In Table III are set out the environmental stress crack-
ing results obtained with both slow and fast cooled
specimens. In Tables I and III results obtained on sam-
ples of high density polyethylene (HDPE) are also
given by way of a further comparison.

25

30

35

TABLE L—FAST COOLED MOULDINGS

Polymer
Property . A B C D E F HDPE
Melt flow index (ASTM D 128865T)_ ... 0.4 1.4 0.05 0.16 0.18 0.19 ...
Softening point (° C.) 0.1 inch penetration, 5 kg./em.2load. _...___ 165. 167.5 165 164 165 166 129
Vieat softening point BS 2782 but heatingrate 120° C./hr.__...._.__.__________ 147(143) 138 1295 oo 135 185
Izod notched impact strength, ft./1b./in. notch ASTM D 256-56 Method A:
23° C >15 >15 2.3
9.4 L eeilii
5 4.8 14.5 _
5t 3 1.9 9
5 % S 7.7
Notched Charpy impact (tt, 1b,fin. at 05 €y 2.05 1.62 168 1.97 O
Cold shatter test -+ T50 temperature *CC. ) R —66 —61 —45 57
Low temp. brittle point ° C. ASTM D 746s_._. —70 —66 —47 —§8
Tenstle properties, yield stress (Ib.fin.?):
2 inches/min.finch. . _ ..ol . 2,760 2,450 3,000 2,600 2,
20 inches/min.finch. ... 3,000 2,900 3,100 2,660 200
Break stress (1b./in.2):
2inches/min.fineh. _ ... 1,200 3,700 5,300 5,000 ... ..
20 inehes/min,fineb T e Reieaiaiiceaios 2,800 2,000 2,950 3,000 ... ...
Elongation at brak (percont):
2inehos/minfineh. oo .o 780 670 600 570 70 740 > 800
20 inches/mbnLfineh. oL 740 170 520 410 790 610 <800
19, secant flexural modulus (1h./in2) ASTM D 790-66___ . ... .. ___ 169,000 163,000 113,000 128,000 133,000 ug 000 130,000
* Specimens and specimen holder modified as in ASTM Bulletin No. 231, July 1958. The samples fit in the standard 1) 764 equipment sinee only 15

specimens are loaded into the small holder.

EXAMPLE 3 — Preparatioﬁ of polymeric composition
E

A polymeric composition was prepared, as in Exam-
ple 1, except that 25.5 kg of propylene were charged
initially, followed by 4.5 kg of ethylene. The polymeéric
composition contained 15 percent by weight of poly-

(* T50 = Temperature for 50 percent cold shatter fail-
ure)

(+ The specimen (5.5 X 0.2 X 0.125 ins), resting sym-
metrically on supports 2 inches apart in a thermostated
alcohol bath was struck at its midpoint by a 1 Ib wedge-
shaped tup falling from a height of 24 inches. Multiple

65
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specimens were tested at several temperatures in the
range of 0° to —70°C and the fraction of specimens
,.which failed to break was recorded and expressed as
“percentage .pass”’. The temperature for 50 percent
pass was.determined from a plot of percentage pass (on
alog probability scale) against temperature).
(** The Charpy impact properties were measured
using a Hounsfield plastics impact tester manufactured
by Tensometer Ltd., Croydon, to determine the Charpy
impact strength (N.L.S.). In this impact strength test a
specimen of'length 2 inches, width 0.25 inch and thick-
mess 0.125 inch having 'a V-shaped notch 0.11 inch
deep with a tip radius of 0.01 inch cut in the middle of
.one of the 2 inch X 0.25 inch sides, is supported at each
" end with its major axis at right angles to the path of a
_small pendulum in such a position that the pendulum
at the lowest point of its path strikes the specimen at a
- velocity of 8 ft/second on the side opposite the notch
and at a point directly behind it. The ends of the speci-
men are not clamped, but rest on two horizontal sur-
faces with the ends of the notched edge against rigid
yertical stops. The average energy absorbed by 10
specimens is recorded.)

—

—_

TABLE 11
‘ (SLOW .COOLED MOULDINGS)
PROPERTY ZOLYMER’

BC
Melt Flow Index 1.4 0.05
{(230°C/2.16 kg load)
Tzod notched 23°C 3.1
strength (1b/inch 0°C
notch) ~8.5°C
D256-56 —13°C
‘Method A ~19°C
Cold shatter test Ty,
temperature * (°C)
Tensile properties
Yield stress (1bfin?)

0.4

6.7
1.1

~14 —65 -70 —47 —59

0

5

20

25

30

35

2 inches/min/inch
20 inches/min/inch
Break Stress (1b/in?)

2 ‘inches/min/inch

20 inches/min/inch
Elongation at break (%)
2 inches/min/inch
20 inches/min/inch

36003300
4600 3500

52003300
33003450

720 100
100 80

280024503000 2650
350031003500 3200

3400 2600 43004500
3100 300029503200 40
330
160

140 600 600
100 200 540

Note : * T, = Temperature for 50% cold
shatter failure.

8

ventional copolymers A and B, especially with regard
to the low temperature Izod impact strength and cold
shatter tests on both slow and fast cooled mouldings. In
fact polymeric compositions C,’D and F are tougher at
—18°C than high density polyethylene at room temper-
ature whereas most crystalline polypropylenes at pres-
ent commercially available become brittle at 0°C.

All of the polymeric compositions C to F are more

- flexible than copolymers A and B and composition C

is in fact marginally more flexible than high density
polyethylene. The increase in flexibility of polymeric
compositions C to F as compared with copolymers A
and B has been achieved without a significant reduc-
tion in the softening points of the compositions, the
softening points being approximately 50°C higher than
that of low density polyethylene and about 35°C higher
than that of high density polyethylene. We have found
that suitably stabilized polymeric compositions in ac-
cordance with the invention can be used continuously
at 90°C ‘and for limited periods of time can be used at
much higher temperatures, for instance for at least
1,500 hours at 145°C.

In addition to the improved mechanical properties
discussed above we have found that, unlike low and
high density polyethylenes and commercially available
polypropylenes the polymeric compositions of the pres-
ent invention show an extremely high resistance to en-
vironmental stress cracking as illustrated by Table III.
Unlike high density polyethylenes they also show.no
thermal cracking.

It will be observed that copolymer B has the same
ethylene content as polymeric compositions E. and F
but is less tough than compositions E and F. Further-
more, copolymer B is more liable to the formation of
voids than either of compositions E and F. Equally, co-
polymer A, although having a melt flow index as speci-
fied for our polymeric compositions, is also less tough
than compositions C, D, E or F. Thus, the particular
combination of properties possessed by compositions
C, D, E and F is dependent on the polymeric composi-
tions having an ethylene content and melt flow index
within the specified range, materials having a lower
ethylene content or higher melt flow index not possess-

TABLE IILENVIRONMENTAL STRESS CRACKING
[ASTM D 1693 procedure using 0.060 inch thick specimens)

Environment at 65° C.

C.6 Cable oil Lissapol N
Material "Fy Hours Fw) Hours Fi  Hours Fin Hours
A
Fast cooled. ... ... ... ... >4,000 0/10 300 1/20 500 10/20 800 20/20
¢ Slow cooled ... .. ... ... >4, 000 0/10 1,300 1/10 2,000 5/10 2,200 10/10
" Tast coolod. ... >4,000 0/10  >4,000 0710 oo
b Slowcooled._._...... .. ..._. >4,000 0/10 3,000 1710 >4,000 200 Lo
' Fast cooled .. . >4,000 /10 2,000 1710 >4,000 /10
| Slow cooled >4,000 0/10 3,500 1710 >4,000 1710
0 .
IFast cooled. ... ... . >4,000 0/10 >4,000 o/ 0
" Slow cooled ... ... .. . >4,000 /10 >4,000 O/ Coo
' Fast cooled. .. ... ... >4,000 0/10 1,500 1710 >4,000 310 oL
Slow cooled. ... __. ... >4,000 /10 3,500 1710 >4,000 20
High (_]cnsity polyethylene
(fast €ao led) 210 1720 440 10720 >500 13/2()
NoOTES.—F ), Fso and Figo refer to times to the first, 50% and 100%, failures respectively. The figures in brac kot
ive the proportion of failures at the times shown. €.6 Cable oil is a low viscosity hydrocarbon eable oil sold by

Jusseks Lid.

The advantages provided by the polymeric composi-
tions of the present invention are apparent from Tables
I to HI. The mechanical properties of polymeric com-
positions C, D, E and F are superior to those of the con-

65 ing the desirable combination of properties possessed

by our polymeric compositions which makes them par-
ticularly suitable for use in cables.
Of the polymeric compositions C, D, E and F, com-



9 .
position C possesses a particularly ‘desirable combina-
tion of mechanical properties; toughness and flexibility.

The invention is further illustrated, by way of exam-
ple, by details of our preferred semi-conducting poly-
meric composition in accordance with the invention
and by description‘s of five forms of electric cable in
which use is made of polymeric composmons in accor-
dance with the invention.

EXAMPLE 5

A semi-conducting composition was prepared con-.

sisting of 72 parts by weight of the polymeric composi-
tion C containing N-salicylidene-N'-salicylhydrazide as
copper inhibitor and anti-oxidants and 28 parts by
weight of a conductive carbon black sold by Cabot Car-
bon Co. under the name of “Vulcan” XC72.. The anti-
oxidants were those used in Example 1.

The composition had the following properties:

Melt Flow Index
(230°C/10 kgm load)
Tensile properties at extension

0.098

rate of 200% per minute

Yield stress 245 kgf/cm?
Yield extension 11.5% - .
Elongation at break - 380%
D.C.resistivity (B.S.2044) 7 ohm.cm

When a similar semi-conducting composition was
prepared using polymer A instead of the polymeric
composition C, the elongation at break was less than
10%.

EXAMPLE 6

A'660/1, 100 volt power cable was made consisting
essentially of three 194 mm? (0.3 sq.in.), 120° sector
shaped solid aluminum conductors insulated with a 0.9
mm (0.036 in.) radial thickness of impregnated paper.
The three laid up cores were enveloped by an atumi-
num tube of about 2.0 mm (0.08 in.) radial thickness
performmg the dual function of a neutral conductor
and sheath. The outer surface of the concentric neutral
conductor was treated with a suspension of zinc chro-
mate in bitumen and the following protective layers
were supplied by extrusion to four separate lengths of
the cable: (i) a plasticized PVC of a grade typical of
those used for cable sheating; (ii) a high density poly-
ethylene (““Hostalen” GM-5010, sold by Hoechst); (iii)
a polypropylene copolymer (‘Propathene’ HPE-103,
sold by ICI) and (iv) polymeric'composition C in ac-
cordance with the present invention contammg addi-
tives for protection against oxidative ageing and effect
of sunlight. In each case the thickness of the extruded
oversheath was.2.5 = 0.2 mm (0.099 + 0.008 in.) and
the outer diameter about 42 mm (1.65 in.). The effec-
tiveniess of the protection given by the four materials is
illustrated by the test results in Table IV. The results
show the unique combination of properties of the
sheath of the polymeric composition of the present in-
vention; absence of brittleness at —20°C combined with
high resistance to cut propagation, abrasion, cutting
and .crushing.

TABLE 1V
High
Test PVC density  Polymer Poly-
poly- ' C propylene
cthylene .
Resistance to
cutting (1)
at 23°C (kg) 74 500 500 500
at 65°C (kg) 29 315 500 500
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Resistance to
crushing (2) '
at 23°C (kg) 1750 >5000 >5000 >5000
at 65°C (kg) 640 2300 >5000 > 5000
Temperature of
brittle failure
under impact (3)

s -5°C 20°C =30°C . ~10°C
Resistance to
abrasion (4)
number of cutter
revolutions 14 300 300 300
Resistance to cut .
propagation at
65°C (5) Pass - Fail Pass Marginal

The methods of test referred to in Table IV were car-
ried out in the following manner.
1. Resistance to cutting. A 30° wedge, carrying 0.8 mm
(0.032 in) wire on cutting edge, was advanced at 0.05
mm/min (0.002 in/min) against the cable sample sup-
ported on a flat anvil in a water-bath. The force on the
wedge was recorded when the wedge made electrical
contact with the aluminum outer (concentric neutral)
conductor.
2. Resistance to crushing. A horizontal semi-cylindrical
edge was advanced at 10° mm/min (0.394 in/min)
against a cable sample supported on a semi-cylindrical
anvil. The two semi-cylindrical tools were of approxi-
mately the same diameter as the cable, and were ad-
vanced with their axes parallel to one another and nor-
mal to the cable axis. Failure was detected electrically.
3. Temperature of brittle failure under impact. A hori-
zontal semi-cylindrical striker of approximately the
same diameter as the cable was loaded to 100 kg (220
Ibs) and was dropped from 1.5 meter (4.92 ft) on to a
cable sample pre-cooled to a specified temperature.
The sample was supported on a flat anvil.
4. Resistance to abrasion. The. résistance to abrasion
was measured at room temperature, against a milling
cutter with 16 teeth, ground back to angles of 60° and
20° to a tangent. A load of 50 kg (110 Ib) was applied
in a direction normal to the axis of the cutter which was
caused to rotate ata peripheral speed of 25 mm/sec
(0.984 in/sec). The number of cutter revolutions re-
quired for the cutter to wear through to the outer con-
ductor was measured.

.5. Resistance to cut propagation. A cnrcumferentlal cut,

1.25.mm (0.05 in) deep, was made in the cable sample
by a suitably mounted razor blade. The sample was
then bent to fit a former of 45 c¢m (17.7 in) radius and
immersed in water and was subjected to 21 daily tem-
perature cycles of 16 hours at 70°C and 8 hours at
23°C.

EXAMPLE 7

A 20 pair telephone distribution cable was made con-
taining 40 copper conductors, each of 0.9 mm (0.036
in) diameter and insulated with 0.3 mm (0.012 in) ra-
dial thickness of a conventional low density polyethyl-
ene. One length of this cable was sheathed with 3 mm
(0.118 in) radial thickness of a conventional low den-
sity polyethylene and another with the same thickness
of polymeric composition C in accordance with the in-
vention containing additives for protection against sun-
light and oxidative ageing. A test, carried out to assess
the degree of protection against damage, consisted of
laying a sample of cable on a ‘“‘typical bed” (i.e. com-
pressed sand) and dropping a spade, loaded to 45.34 kg
(100 1b) from predetermined heights. When the spade
was dropped from a height of 191 mm (7.5 in), the
length sheathed with polyethylene was severely dam-
aged with the sheath cut and some conductors severed.
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The length sheathed with the polymeric composition C
withstood the spade being dropped from 254 mm (10
in) without either the sheath or conductors being cut;
when the spade was dropped from 356 mm (14 in), the
conductors were still unbroken although the sheath was
cut. Hitherto, cables of this type have been protected
by steel armor in order to achieve resistance to cutting
by a spade dropped from a height of 191 mm. (7.5 in).

EXAMPLE 8

An 11,000 volt power cable consisted essentially of
three 185 mm? (0.286 sq in) circular stranded alumi-
num conductors, each covered with successive layers
of semi-conductive screen, insulation and dielectric
screen. The construction of the cable is as follows:

Conductor diameter

Semi-conducting screen of Example 5,
thickness

Insulation (Polymeric composition C
compounded with antioxidants and a
copper inhibitor), thickness
Semi-conducting screen of Example 5,
thickness

Core diameter

Laid-up Cores Diameter .
Binder thickness (polypropylene tape)
2 copper tapes 0.0762 mm (0.003 in)
thick, 40 mm (1.575 in) wide applied
with 50% overlap

Diameter over copper tapes
Oversheath (Polymeric composition C
stabilized against deleterious effect

of sunlight and compounded with anti-
oxidants and a copper inhibitor),
thickness

Oversheath diameter

17.6 mm (0.693 in)
0.5 mm (0.020 in)

3.4 mm (0.134 in)

0.7 mm (0.028 in)
26.8 mm (1.055 in)
58.5 mm (2.3 in)
1.0 mm (0.039 in)

59.8 mm (2.36 in)

2.8 mm (0.110 in)
65.4 mm (2.58 in)

The conductor. screen,  insulation - and dielectric
screen were applied to each conductor by extrusion in
such a way that a strong continuous uninterrupted
bond exists on the interfaces between the insulation
and the two semi-conducting screens. )

In Examples 6, 7 and 8 the composition C contained
the same copper stabilizer and antioxidants as in Exam-
ple 5 and also contained 2% percent of carbon black as
protection against the effect of sunlight.

EXAMPLE 9

The crystalline propylene/ethylene copolymer of the
present invention, for instance polymeric composition
C, is used as the solid plastics dielectric of the or each
core of a high voltage electric power cable for installa-
tion in a system in which during operation of the cable
the plastics dielectric is subjected to a pressure above
atmospheric by a cable gas, such as nitrogen or sulphur
hexafluoride, which has access to one or more surfaces
of the dielectric. The copolymer of the dielectric is im-
pregnated with a cable gas to an extent such that, until
the cable is put into service, at least the major part of
the solid dielectric remains fully impregnated with the
gas, that.is to say any void in the dielectric or between
the dielectric and a conductive body bonded thereto,
is filled with the cable gas at a pressure of at least 15
lbs/sq.in, preferably at least 30 Ibs/sq.in.

EXAMPLE 10

A mineral insulated cable comprising one or more
conductors insulated from each other and from an alu-
minum sheath by compacted magnesium oxide has an
oversheath of polymeric composition C compounded
with antioxidants and preferably but not necessarily
containing 2% percent of carbon black as protection
against the effect of sunlight to protect the aluminum
sheath against corrosion. ‘
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Use of the polymeric compositions of the present in-
vention in insulated electric conductors and cables will
be further illustrated by descriptions, by way of exam-
ple and with reference to the accompanying drawings
which show cross-sectional views of various forms of
electric cable incorporating the polymeric composi-
tions as conductor insulation, as semi-conducting
screens and/or as cable sheaths.

In the accompanying drawings:

FIGS. 1 and 2 show two forms of telephone distribu-
tion cable;

FIGS. 3, 4, 5 and 6 show four forms of low voltage
power cable; ’

FIGS. 7 and 8 show two forms of medium voltage
power cable, and

FIG. 9 shows a single core medium voltage cable.

The telephone cables shown in FIGS. 1 and 2 each
comprise a multiplicity of plastics insulated conductors
1, surrounded by one or more layers 3 of helically
lapped paper tape and enclosed by an outer protective
sheath 4. The interstices between the insulated conduc-
tors 1 and between them and the layers 3 of paper tape
are preferably filled with a water-impermeable medium
such as petroleum jelly compound 2 which also impreg-
nates the paper tape. In the telephone cable shown in
FIG. 1 the sheath 4 is of composite form comprising an
inner layer 5 of polyethylene and an outer layer 6 of a
crystalline propylene/ethylene copolymer in accor-
dance with the invention; such as polymeric composi-
tion C. The sheath 4 of the telephone cable shown in
FIG. 2 comprises a single extruded layer 7 of the crys-
talline propylene/ethylene copolymer. In each cable
the plastics insulation of the conductors may be made
of a crystalline propylene/ethylene copolymer or it may .
be of another polymeric material such as polyethylene;
the conductor insulation may be of solid or cellular
form. If desired the layers of impregnated paper tape
may be replaced by a layer of longitudinally applied
aluminum tape having at least on its outer surface a
coating of polyethylene.

The low voltage power cable shown in FIG. 3 consists
essentially of three sector-shaped solid aluminum con-
ductors 11, each covered by a layer of insulation 12, to
form three insulated cores. The three cores are laid up
together and are surrounded by one or more layers 14
of binding tape, an extruded aluminum sheath 15 and
an outer sheath 16 of a crystalline propylene/ethylene
copolymer in accordance with the invention such as
polymeric composition C. The insulation 12 of each
conductor may be an extruded layer of a crystalline
propylene/ethylene copolymer or of another polymeric
material or it may comprise layers of helically lapped
impregnated paper tape. i

An alternative form of low voltage power cable
shown in FIG. 4 comprises four sector shaped solid alu-
minum conductors, three of the conductors 21 consti-
tuting the power conductors and the fourth conductor
23 constituting the neutral conductor. Each conductor
is covered by an extruded layer 22 of insulation. The
four cores are laid up together and surrounded by a
bedding 25 for a layer of armoring 26, which may com-
prise helically lapped steel wire or aluminum strip, and
an-outer sheath 27 of a crystalline propylené/ethylene
copolymer of the present invention such as polymeric
composition C. As in the example shown in FIG. 3 the -
insulation 22 of the conductors 21 or 23 may be of a
crystalline propylene/ethylene copolymer or of another

polymeric material. :
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FIG. § shows a low voltage power cable comprising
three solid aluminum power conductors 31, each insu-
lated with an extruded layer 32 of a crystalline
propylene/ethylene copolymer of the present inven-
‘tion, and a solid aluminum:neutral. conductor 33 en-
closed in a covering 34 of extruded lead. The four cores
are laid up together and are surrounded by one or more
layers 35 of helically lapped steel tape and an. outer
protective sheath 36, of polymeric ¢composition C.

The low voltage cable shown in FIG. 6 comprises
three sector shaped solid aluminum power conductors
41 each insulated with a layer 42 of polymeric compo-
sition C. The three cores are laid up together and are
surrounded by a concentric neutral conductor 44 of
stranded aluminum wires, the direction of lay of which
is reversed at intervals along the length of the cable,
which is embedded in anti-corrosion bedding 43. The
assembly is enclosed in a sheath 45 of polymeric com-
position C. »

FIG. 7 shows an 11,000 volt power cable consisting
essentially of three 185 mm? (0.286 sq.in) sector
shaped solid aluminum conductors 51 each covered
with successive layers of semi-conductive screen 52 in-
sulation 53 and dielectric screen 54. The construction
of the cable is as follows: i S

Semi-conducting screen §2

of Example 5 thickness
Insulation 53 (Polymeric
compasition C compounded with
anti-oxidants and a copper
inhibitor), thickness -
Semi-conducting screen 54

of Example 5, thickness

Laid up cores diameter

Bedding 55 of semi-conducting
rubber-like material, overall
diameter’ .
Armouring Layer 56 of helically
wound steel wires (2.5 mm
(0.099 in) in diameter).Diameter
over armouring

Sheath 57 (Polymeric compo-
sition C stabilized against
deleterious effect of sunlight

and compounded with anti-oxidants
and a copper inhibitor)
thickness

Overall diameter

0.5 mm (0.020 in)

3.4 mm (0.134 in)

0.5mmi (0.020 in)
46.1 mm (1.82 in)

48.1 mm (1.89 in)

53.1 mm (2.01 in)

'2.2 mm (0.087 in)
57.94 mm (2.28 in)

The medium voltage power cable shown iri FIG. 8
comprises three solid aluminum power conductors 61
each surrounded by a semi-conducting screen 62 of the
composition described in Example 5, an insulating
layer 63 of polymeric composition C and a semi.
conducting screen 64 of the same composition as the
screen 62. The conductor screen 62, insulation 63 and
dielectric screen 64 are so extruded that a strong con-
tinuous uninterrupted bond exists between their inter-
faces. Each core so formed is surrounded by a screen

‘formed by one or more layers 65 of helically lapped
copper tape. The three screened cores are laid up to-
gether with fillers 66 and are bound by a helical lapping
67 of insulating tape. A sheath 68 of polymeric compo-
sition C surrounds the ‘assembly of cores.

FIG. 9 shows a single core power cable comprising a
solid aluminum conductor 71, a conductor screen 72
formed by an extruded layer of the semi-conducting
polymeric composition described in Example 5, an ex-
truded layer 73 of polymeric composition C constitut-
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ence to FIGS. 3 to 9 the core conductors are describéd
as solid aluminum conductors each may alternatively

- be formed of stranded aluminum or copper wires.. ..
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ing the conductor insulation, a dielectric screen 74 of 65

- the same material as the conductor screen 72 and a
layer 75 of stranded tinned copper wires. -
Although in each of the cables described with refer-

L. An electric cable comprising at least one insulated
conductor enclosed in a sheath formed of a crystalline,
polymeric composition comprising at least one se-
quence of -either homopolymerized propylene or of
propylene copolymerized with up to 10 percent by
weight of the composition of at least one other olefine
monomer which may be or may include ethylene and
at least a further sequence of propylene copolymerized
with ethylene wherein said composition contains be-
tween 10 and 30 percent by weight of polymerized eth-
ylene and has a melt flow index of between 0.01 and
0.5.

2. An electric cable as claimed in claim 1, wherein
the crystalline polymeric composition of the sheath has
a melt flow index of between 0.025 and 0.25, an ethyl-
ene content of at least 15 percent by weight and con-
sists of one sequence of homopolymerized propylene
and one sequence of propylene copolymerized with
€thylene. : o

3. An electric cable as claimed in claim 1, wherein
the insulating covering of the conductor or of at least
one of the conductors is formed of a crystalline poly-
meric composition comprising at least one sequence of
either homopolymerized propylene or of propylene co-
polymerized with up to 10 percent by weight: of the
composition of at’ least one other olefine monomer
which may be or may include ethylene, and at least a
further sequence of propylene copolymérized with eth-

ylene wherein said .composition .contains. between 10

and 30 percent by weight of polymerized ethylene and
has a melt flow index of between 0.01 and 0.5. -

4. An electric cable as claimed in claim 1, wherein
the or each insulated conductor has a conductor and/or
dielectric screen formed of a composition comprising

a. a crystalline polymeric composition having at least

one sequence of either homopolymerized propyl-
ene or of propylene copolymerized with up to.10
percent by weight of the polymeric composition of
at least one other olefine monomer which may be
or may include ethylene, and at least a further se-
quence of propylene copolymerized with ethylene -
wherein said polymeric composition contains be-
tween 25 and 30 percent by weight of polymerized
ethylene and has a melt flow index of between 0.01
and 0.5 and : : : i

b. 20-40 percent by weight, based on the total com-

position, of conductive carbon black. -

5. An electric cable as claimed in claim 1, wherein a
plurality of plastics insulated conductors ar¢ enclosed
within' the sheath.and the interstices between the insu-
lated conductors and between them and the sheath
from end to end of the cable length are filled with a
water impermeable medium. -

6. An electric cable as claimed in claim 5, whercin
the plastics insulating covering of each conductor is of
cellular form. o o :

7. An electric cable as claimed in claim 1, wherein
the insulating covering of the or each conductor is
compacted powdered mineral insulation and a metal
sheath-underlies the sheath formed of the crystalline
polymeric composiiion. ,

8. An electric cable as claimed in claim 3, for installa-
tion in a system in which during operation’of the cable
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the insulating covering of the or each conductor is sub- - gas toan extent such that until the cable is put into ser-
jected to a pressure above atmospheric by a cable gas vice, at least the major part of the solid insulating cov- '
which has access to one or more surfaces of.the dielec- - ering remains fully impregnated with the gas. -
tric, wherein the insulating covering of the or each con- S ‘ o
ductor is of solid form and is impregnated with'a cable 5 LI I
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