
EP 0 207 236 B1 Description The present invention relates to a lead alloy
foil and a lead laminated tape using the foil, both designed for covering
cables. 5      Generally, power cables insulated with rubber or plastics to
withstand high voltages have the structure shown in Fig. 1. More
specifically, such a cable comprises conductor 1, conductor shield 2
covering conductor 1, insulation layer 3 covering layer 2 and made of
polyethylene, crosslinked polyethylene, ethylene-propylene rubber, or the
like, insulation shield 4 covering insulation layer 3, metal shield layer 5
covering layer 4 and made of copper tape, copper wire, aluminum wire, or
the like, and, if necessary, jacket 10  6 covering metal shield layer 5. In
a power cable of the structure described above, water infiltration may
occur either along the conductor or from the outside to the inside of the
cable, through the ends, splicing portions, and/or the jacket, during the
manufacture, storage, installation or use of the cable. Water may penetrate
from the conductor to the conductor shield and thence to the insulation
layer. When AC voltage is applied to the is  cable insulation into which
much water has infiltrated in this manner, fine defects called
"water-trees" are formed in the insulation layer. These water-trees degrade
the insulation characteristics of the insulation layer and may cause an
electrical failure of the cable after a long use. Accordingly, it is
strongly demanded today that water should be prevented from infiltrating
into high- voltage power cables insulated with rubber or plastics. 20
It has been proposed that a water impervious layer comprising a foil, such
as lead foil and lead alloy foil having a thickness of several [err] should
cover the Insulation layer of the cable or be provided under the
anti-corrosion plastic jacket of the cable. This is because the lead or
lead alloy foil is very flexible and resistant to chemicals. Such lead or
lead alloy foil is actually used in some of the power cables available at
present. 26     GB-A-25090 describes a lead alloy foil or tape for winding
electrical conductors and having a preferred composition of 95% Pb, 4.5% Sb
and 0,5% Sn. More precisely, the lead foil or lead alloy foil, both
hereinafter referred to as "lead foil", is used as a component of a
laminated tape. According to US-P-4 472 597 the laminated tape comprises
the lead foil and an electrically conductive or insulating plastic film
laminated on one surface of the foil, or two such 30  plastic films
laminated on both surfaces of the foil. The tape is formed around the
conductor and/or core of a cable, by the process called "longitudinal
application". The laminated tape is then thermally bonded to a layer
covering the cable core or an anti-corrosion plastic jacket, thereby
forming a water impervious layer. This method of forming the impervious
layer is advantageous over the conventional method wherein 



lead is extruded over the cable core; it can form a lead foil thinner than
in the conventional method, and 36  hence helps to lighten power cables.
However, several problems arise from the use of the laminated tape having a
foil made of pure lead or lead alloy consisting of 5 wt% (weight percent)
of tin, 2 wt% of antimony, and the balance being lead and having a
thickness of 50 to 100 [err] (Japanese Utility Model disclosure 59-187439).
More precisely, the foil of lead or lead alloy is disadvantageous in the
following respects: 40     (1) Its mechanical strength is Insufficient,
making it difficult to form the water impervious layer during the
manufacture. (2) It has inadequate fatigue characteristics, and is very
likely to break when bent once or repeatedly. In short, it does not have an
enough fatigue strength. (3) It will have pinholes or cracks when formed to
have a thickness of 50 microns or less. In other 45  words, it cannot be
made 50 microns thick or thinner. (4) It encounters surface corrosion
shortly after manufacture, reducing the bonding strength between it and
plastic films. The inventors hereof carefully studied the composition of
lead alloy and the functions of lead alloy incorporated in laminated tapes,
in an attempt to resolve the aforementioned problems. They at last found 50
that a lead alloy consisting of 1.0-4.0 wt% of tin, 2.0-7.0 wt% of
antimony, and the balance being lead, where Sn/Sb ratio amounts up to 1,
was superior in the film formability and was free of the drawbacks inherent
in the conventional lead foils. The inventors laminated an electrically
conductive plastic film of a volume resistivity of [err]  or less on at
least one surface of this lead alloy foil, thus making a lead laminated
tape. The lead laminated tape was found to be far stronger, far more
formable, and far more 55   resistant to fatigue and corrosion than the
conventional lead laminated tapes. Hence, the inventors obtained their
objective. According to the present invention, there is provided a lead
alloy foil and also a lead laminated tape using the foil, both designed for
covering cables. The foil is made of a lead alloy consisting of 1.0-4.0 wt%
2    EP 0 207 236 B1 of tin, 2.0-7.0 wt% of antimony, and the balance being
lead, where Sn/Sb ratio amounts up to 1, preferably made of a lead alloy
consisting of 1.0-4.0 wt% of tin, 3.0-7.0 wt% of antimony, and the balance
being lead (where Sn/Sb ratio is 0-1). As shown in Fig. 2, the lead
laminated tape comprises lead alloy foil 7 and an 



electrically conductive plastic film 8 having a volume resistivity of [err]
or less laminated on one s  surface of foil 7. Alternatively, the tape
comprises lead alloy foil 7 and two electrically conductive plastic films 8
having a volume resistivity of [err] or less and sandwiching foil 7, as
illustrated in Fig. 3. Further, the tape may comprise lead alloy foil 7, an
electrically conductive plastic film 8 having the same volume resistivity
and formed on one surface of foil 7, and an electrically insulating plastic
film 9 formed on the other surface of foil 7. 10     The present invention
is characterized by the ranges of the Sn and Sb content and the range of
the Sn/Sb ratio of the lead alloy forming the foil. The content of Sn must
be 1.0 to 4.0 wt%. This is because, when the lead alloy contains more than
4 wt% of Sn, the resultant foil is not so strong as desired, elongates too
much, and has insufficient fatigue characteristics. 15     The content of
Sb must be 2.0 to 7.0 wt%, preferably 3 to 7 wt%. When the lead alloy
contains less than 2.0 wt% of Sb, the resultant foil has an insufficient
strength and inadequate fatigue characteristics, cannot form a sufficiently
foil, be greatly resistant to corrosion, and cannot be bonded firmly to
electrically conductive plastic films and thus has insufficient
characteristics for long use. When the lead alloy contains more than 7 wt%
of SD, it is too hard, too brittle, less resistant to corrosion than
desired, and cannot form a 20 sufficiently foil. The Sn/Sb ratio, i.e.,
ratio of the Sn content to the SD content, must be less than or up to 1.
This is based on the results of the experiments the inventors conducted. In
the experiments, various lead alloys of different Sn/Sb ratios were
prepared and tested. As a result, these metals presented a marked
synergetic effect when the Sn/Sb ratio was 1 or less. 25     The
electrically conductive plastic film having a resistivity of [err]  or less
must be laminated on at least one surface of the lead alloy foil for the
following reason. The lead laminated tape of this invention is designed to
be interposed between the conductor and insulation layer of a cable,
between the insulation layer and insulation shield of the cable, or between
the insulation shield and metal shield layer of the cable, or directly
under the plastic jacket of the cable, where a potential gradient exists.
When it is necessary to 30 reduce the electric field generated at the
interface between any two adjacent layers, a semi-conductive plastic film
must be applied on at least one surface of the foil. if necessary, another
conductive plastic film or insulating plastic film is laminated on the
other surface of the lead alloy foil, thereby forming a water impervious
layer. Since a plastic film is formed on one or both surfaces of the lead
alloy foil, the lead laminated tape not 35 only has a great mechanical
strength and excellent fatigue characteristics, but also is greatly
resistant to corrosion. 



When the lead laminated tape with two plastic films is wound, the
overlapping portions of any two adjacent turns of the tape are strongly
bonded to each other due to the fusing of the plastic films, thereby
forming a excellent water impervious layer. 40     This invention can be
more fuly understood from the following detailed description when taken in
conjunction with the accompanying drawings, in which: Fig. 1 is a
cross-sectional view of a conventional power cable insulated with rubber or
plastics; Fig. 2 is a cross-sectional view of an example of a lead
laminated tape according to the present invention; 45     Fig. 3 is a
cross-sectional view of an another example of a lead laminated tape
according to this invention; and Fig. 4 is a cross-sectional view of a
still another example of a lead laminated tape according to the present
invention. The electrically conductive plastic film used in the Invention
will be first explained. Hitherto, many 50  attempts have been made to
laminate a lead foil with an electrically conductive plastic film. It has
been proposed that the film be made of a heat-fusing, electrically
conductive polymer such as polyolefin. However, polyolefin is generally
non-polar and chemically inert, and its adhesivity with lead foil is
insufficient. Hence, polyolefin cannot be practically used. Further, the
adhesiveness of polyolefin will decrease since carbon black, carbon fiber,
graphite or the 55 like is necessarily added to the plastic in an amount of
10 to 50 wt%, thereby maintaining the volume resistivity at 106 [err] or
less. When the conductive plastic film of polyolefin was used, thus forming
the water impervious layer of a power cable, it was liable to peel off when
the cable was bent. The plastic film could not remain laminated with the
lead alloy foil over a long use of the power cable. 3    EP 0 207 238 B1
The inventors hereof carefully studied various plastic films of this type
which are available at present In order to obtain a plastic film which is
very electrically conductive, has good bondability with lead foil, and is
greatly heat-sealable. They found out that the most desirable was an
electrically conductive, heat-sealable plastic film comprising the
following components 1, 2 and 3: 5     1. 40-100 parts by weight of a
mixture comprising ethylene-acrylic acid copolymer and/or ethylene-ethyl
acrylate copolymer, and/or unmodified polyolefin and modified polyolefin
prepared by grafting or adding 



unsaturated carboxylic acid or its derivatives, epoxy group-containing
unsaturated carboxylic acid or its derivatives, and an epoxy
group-containing unsaturated compound to polyolefin, thus forming polar
functional group, said unsaturated carboxylic acid or its derivatives, said
epoxy group-containing unsatu- 10 rated carboxylic acid or its derivatives
and said epoxy group-containing unsaturated compound being used in an
amount of 0.01~1.0 wt% based on the mixture of the modified and unmodified
polyolefins; 2. 0-60 parts by weight of at least one polyolefin selected
from the group consisting of polyethylene, ethylene-vinyl acetate copolymer
and non-polar, polyolefin-based, low crystalline resin; and 3. 5-140 parts
by weight of at least one electrically conductive material selected from
the group 15 consisting of carbon black, carbon fiber and graphite. The
film can be based on 100 parts by weight of component 1 or a resin
consisting of components 1 and 2. As the ethylene-acrylic acid copolymer
(EAA), use can be made of any copolymer that has been prepared by the known
method such as the high-pressure process or the emulsion polymerization
process performed under a high pressure, and containing 1-20 wt% of acrylic
acid (AA). In this invention, 20 copolymers containing 3-15 wt% of acrylic
acid are preferred. As the ethylene-ethyl acrylate copolymer (EEA) use can
be made of any copolymer that contains 5-25 wt %  of ethyl acrylate (EA).
GA-Series acid modified adhesive resins (GA002 - GA004) manufactured by
Nippon Unica are preferable. As the unsaturated carboxylic acid used to
modify the unmodified polyolefin mixture, fumaric acid, 25 acrylic acid,
itaconic acid, maleic acid, and the like can be used. For the derivatives
of carboxyl acid, use can be made of acid anhydride, acid halide, acid
ester, acid amide, acid imide and the like. For the epoxy group-containing
unsaturated compounds, glycidyl methacrylate monomer, etc. can be used.
Polypropylene grafted with maleic anhydride is a desirable compound. The
unsaturated carboxylic acid and epoxy group-containing unsaturated
compounds should be used In 30   an amount of 0.01-1.0 wt% based on the
mixture of the modified and unmodified polyolefins. When Its amount is less
than 0.01 wt%, the desired results cannot be obtained. When its amount
exceeds 1.0 wt%, there will be no advantages. Rather, due to the unreacted
compounds, the resultant plastic film will be deteriorated when heated. To
modify polyolefin, the polyolefin is treated in a solvent bath or
melt-kneaded in an extruder in the 35 presence of organic peroxide, as
commonly practiced in the art. As the polyethylene, high-density
polyethylene or low-density polyethylene can be used. It is desired that
the ethylene-vinyl acetate copolymer contain 5-48 wt% of vinyl acetate.
When such copolymer is used, 70% or more of its acetoxy group can be
hydrolyzed into hydroxyl group. The non-polar polyolefin-based low
crystalline resin is any one of those containing virtually no polar 



40 group such as chlorine, acetic acid group or double bond. The resin is
preferably greatly elastic, having an elongation at failure of 400-1,000%.
For example, a non-polar, ethylene-[err]-olefin copolymer such as Tafmer
Series (trademark) manufactured by Mitsui Petrochemical Co., Ltd., can be
used. As mentioned above, the mixture of two or more resins can be used as
component 2. As the carbon black, various acetylene blacks and furnace
blacks, all being electrically conductive, can 45 be used. Of these carbon
black, Ketjenblack EC (trade name, made by AKZO, Inc.) which has a marked
electrical conductivity, is optimum. Moreover, carbon fiber or graphite
having a particle size of 0.1-40 [err] can be used. When carbon black and
carbon fiber or graphite are used together, the resultant plastic film has
improved properties. Components 1 and 2 are mixed in a weight ratio ranging
from 100:0 to 40:60. The greater the content of component 1, the greater
adhesiveness with lead alloy foil or other plastic 50   films. However,
when too much carbon black is used, the molten film plastic has its
flowability reduced, the resultant film has an insufficient elongation and
an inadequate flexibility. Hence, a plastic film made of an electrically
conductive, heat-adhesive resin composition consisting of components 1 and
3 cannot be efficiently laminated with lead alloy foil by the film
lamination process or the melt lamination process. In other words, a
plastic film or adhesive film has insufficient formability, and cannot be
formed so as to have 55 sufficient adhesiveness with lead foil.
Unexpectedly, however, the formability of film improved and the
adhesiveness of the film rose when component 2, i.e., at least one
polyolefin selected from the group consisting of polyethylene,
ethylene-vinyl acetate copolymer and non-polar, polyolefin-based, low
crystalline resin, was added to the resin composi- 4    EP 0 207 236 B1
tion consisting of components 1 and 3. When component 2 is used in an
excessively large amount, the adhesiveness of the plastic film with lead
alloy foil decreases, making it difficult to attain the desired lamination
effect. In view of this, it is preferable that the mixing ratio of
component 1 to component 2 be 95:5 to 50:50, depending on the 5  conditions
of the forming process, though it can range from 100:0 to 40:60. Five to
140 parts by weight of component 3, i.e., the electrically conductive
material, is added to 100 parts by weight of the mixture of components 1
and 2. When only carbon black is used as component 3. 90 or less parts by
weight shall be added. When only carbon fiber must be used as component 3,
30 or less parts by weight is used. When only graphite is used as component
3, 30-140 parts by weight shall be used. 



10  Otherwise, the plastic film cannot have an electrical conductivity of
[err]  or less. As to carbon black, 80 or less parts by weight is a
preferred amount, and 70 or less parts by weight is a more preferred
amount. Similarly, When carbon black and carbon fiber or graphite are used,
it is desired that the mixture be used in an amount of 80 parts by weight
or less, preferably 70 parts by weight or less. However, when component 3
is used in an insufficient amount, the conductive plastic film cannot have
the desired electrical conductivity. 15 When component 3 is used in an
excessively great amount, the conductive plastic film cannot have the
desired mechanical properties. Some additives can be used in addition to
components 1, 2 and 3 to form the electrically conductive, heat-adhesive
plastic film. For example, a stabilizer, a lubricant, a flame detardant a
reinforcing agent, and the like can be added, either singly or in
combination, in appropriate amounts. 20     Various methods can be
performed under various conditions to laminate the electrically conductive
plastic film of this invention with a lead alloy foil. For instance, the
film can be pressed onto the lead foil while being heated to a temperature
above the melting point of its material. Alternatively, the plastic film
can be directly extrusion-coated on the lead alloy foil. Further, the film
can be directly melt-laminated with the foil. Still further, the film and
the foil are put together, and are then heated under pressure. 25     The
present invention will now be described in greater detail, with reference
to several examples. Example 1 30     Thirteen Pb-Sn-Sb alloys of the
compositions shown in Table 1 were melted at 400  C in the atmosphere. The
molten alloys were cast into moulds, thereby providing strips of the lead
alloys. The strips were rolled at room temperature, thus forming 13 lead
alloy foils. Of the thirteen alloys, alloys No. 1 to No. 5. had the
compositions according to the present invention, and alloys No. 6 to No. 13
were controllers whose compositions fall outside the scope of the
invention. Foils No. 1 to No. 13 were tested, thereby 35 measuring their
strengths, fatigue characteristics, corrosion resistances, and pinhole
densities. The foil formability of each alloy was also evaluated.
Electrically conductive plastic films having a volume resistivity of 103
[err] were formed of a composition consisting of 75 parts by weight of
ethylene-acrylic acid copolymer (containing 8.0 wt% of acrylic acid), 25
parts by weight of carbon black (Ketjenblack EC made by AKZO, Inc.). These
films had a 40  thickness of 100 [err] The plastic films were thermally
fused to both surfaces of the foils made of lead alloys No. 1 to No.13, at
130 C under pressure of 5 kg/cm2, thereby forming lead laminated tapes. The
lead laminated tapes were tested, thereby measuring their film-foil bonding
strengths, fatigue characteristics, corrosion resistance, cable formability
and heat-sealability. Then, these lead laminated tapes were incor- porated
in power cables as a water impervious layer. The resultant cables were
tested, whereby their water- 45    imperviousness, bending characteristics
and heat cycle efficiencies were measured. The results of the 



various tests are shown in Table 1. 50 55    EP 0207236 B1 [err]    EP 0
207 236 B1 In Table 1, marks [err]  and x represent "excellent," good,"
"fair" and "poor" respectively. The various properties shown in the table
were evaluated in the following manner. I. Properties of Foils 5     (1)
The foil formability was rated in accordance with whether the foils had
cracks and slackening portions, whether they were stained with rolling
agent, and whether they could be rolled into desired thickness. (2) The
strength and fatigue characteristic were evaluated in comparison with those
of the foil of alloy No. 12, i.e., Sn(5 wt%)-Sb(2 wt%)-Pb, regarded as
having reference value of 1.0. The fatigue test was 10 conducted by MIT
fold tester [JIS (Japanese industrial Standard) P 8115]. The test pieces
had a width of 15 mm and a length of 120 mm. The test pieces were
repeatedly bent at the same portion, each time at [err] with a tension of
250g applied to them. The fatigue characteristic of each foil was evaluated
in the number of bendings until it was broken. (3) The corrosion resistance
was measured by spraying 5% salt water over the test pieces at [err] for is
1,000 hours, and then by observing the surface corrosion of the pieces. (4)
The pinhole density was measured in dark room by holding the foils up to
lights, by counting the pinholes found in the foils, and calculated the
number of pinholes per square meter. II. Properties of Laminated Tape (1)
The adhesiveness was rated in the following way. The electrically
conductive plastic films were 20  laminated with the lead alloy foils under
the same conditions. The resultant laminated tapes were cut into test
pieces each having a width 10 mm and a length of 150 mm. These test pieces
were subjected to peeling test using a Tensiron tensile tester. The tester
pulled the pieces at rate of 100 mm/min and at peel 



angle of [err] The adhesiveness given in kg/cm (1 kg/cm = 9.81 N/cm) of the
tapes was evaluated in the following five levels: 25 Level    Adhesiveness
(kg/cm) 5         Greater than  1.5 30                            4
1.     1.5 3              0. 5  - 1.0 2              0.2  - 0.5 35
Less  than  0.2 (2) The fatigue characteristics of the tapes were rated in
the following way. The laminated tapes were cut into pieces each having a
width of 15 mm and a length of 120 mm. These test pieces were tested by 40
MIT fold tester (JIS P 8115). More specifically, they were repeatedly bent
at the same portion. each time at [err] with a tension of 250g applied to
them. The fatigue characteristic of each lead alloy foil was evaluated in
the number of bendings until it was broken. The fatigue characteristics
thus obtained were evaluated in the following five levels: 45 Level
Number of Bendings 5         More than  5,000 4         More  than  2,000
50 3         More  than  1,000 2         More  than    500 1
0 - 500 55 (3) The heat-sealabilities of the tapes were measured in the
following manner. Two pieces of each laminated tape were laid one upon the
other, and fused at [err] for 30 seconds. The resultant product was 7    EP
0 207 236 B1 cooled and tested by measuring the mutual adhesiveness of the
two pieces. The heat-sealabilities (1 kg/cm = 9.81 N/cm) following five
levels (adhesiveness of heat-seal): 



5                        Level         Heat-sealability  (kg/cm) 5
Greater  than  1.5 4               1.0  -  1.5 0.5  -  1.0 2
0.2  - 0.5 1          Less  than  0.2 15 III. Properties of Cable (1) The
water-imperviousness of the cables with the laminated tapes used as water
impervious layers were rated in the following way. First, the water content
of the insulation shield of each cable was measured. The cable was sealed
at both ends, and a hole having a diameter of 5 mm was cut in the jacket.
20 Then, the cable was immersed in hot water maintained at 70 C for one
month. The cable was taken out of the hot-water bath, and the water content
of the insulation shield directly under the water impervious layer or the
insulation layer was measured and compared with the value obtained before
the cable was immersed in the hot water. Based on the results of
comparison, the water-imperviousness of the cable was rated in the
following two levels, 1 and 5: 25 Level           Water-imperviousness 5
No  change  in water content 30                        1          Increase
in water  content (2) The bending characteristics of the cables were
measured by repeatedly bending the cables along an arc of a diameter six
times greater than the outer diameter of the cables. The bending
characteristic of 35  each cable was evaluated in the number of bendings
repeated until cracks were formed in the lead alloy foil of the water
impervious layer. The bending characteristics thus evaluated were rated in
the following five levels: 40                      Level    Number of
Bending  Cycles 5               More  than  15 4               More  than
10 45                         3                More  than   5 2
3-5 1               Less  than   3 50 (3) The heat cycle efficiency of the
cables was measured in the following manner. Each cable was bent 



along an arc of a diameter ten times greater than the outer diameter of the
cable. The cable thus bent was inserted a conduit pipe. The conduit pipe
was sealed at both ends. An electrical current was made to flow through the
inner conductor of the cable, heating the conductor to [err]. Then, the
supply of the current 55  was stopped, cooling the conductor to room
temperature. The conductor was repeatedly heated and cooled in this way.
The heat cycle efficiency of each cable was evaluated in the number of heat
cycles repeated until cracks were formed in the lead alloy foil of the
water impervious layer. The bending characteristics thus evaluated were
rated in the following five levels: 8    EP 0 207 236 B1 Level
Number of Heat Cycles 5               More  than  70 5
4               More  than  50 3               More  than  30 2
10 - 30 10                         1                Less  than  10 15
Example 2 Three sets of 14 electrically conductive, heat-adhesive materials
No. 1 to No. 14 for plastic films, having the different compositions shown
in Tables 2, 3 and 4, were prepared. of the components of each material, 20
low density polyethylene (LDPE) had melt index (Ml) value of 7, and
ethylene-vinyl acetate copolymer (EVA) contained 19 wt% of vinyl acetate,
and the carbon  black was Ketjenbalck EC (trade name). Plastic films having
100 [err] were made by the inflation method. Lead alloy foils having a
thickness of 30 [err] were also formed of various Sn-Sb-Pb alloys
containing Sn and Sb in the amounts shown also In Tables 2, 3 and 4. Two
plastic films of each material were laminated on both surfaces of one of
the foils at 130 C under pressure of 5 [err] (490.5 MPa) thereby providing
a laminated tape. 25     The laminated tapes, consisting of a lead alloy
foil and two electrically conductive plastic films covering both surfaces
of the foil, were tested to evaluate their properties. The results are
shown in Tables 2, 3 and 4. The volume resistivity of electrically
conductive plastic films shown in these tables was measured in the
following way. The plastic films were cut into test pieces, each having a
width of 50 mm and a length of 70 mm. Two strips of electrically conductive
metal foil tape coated with a conductive tackifier and having a 30 width of
10 mm , i.e., Al 7650 (manufactured by Sony Chemical Co., Ltd.) were
press-bonded to the ends of 



each test piece and were used as electrodes. The test pieces were left to
stand at 23 C for 24 hours, with the relative humidity maintained at 55%.
The strips of electrically conductive tape for electrodes were electrically
connected to to a resistance meter, thereby detecting the electrical
resistance of each plastic film. The volume resistivity of the film, pv
[err] was then calculated by the following equation: 35 [err] In this
equation, R is the electrical resistance detected by the resistance meter,
and d is the thickness of the film. 45 50 55 9    EP 0 207 236 B1 [err] 10
EP 0 207 236 B1 [err]    EP 0 207 236 B1 [err] 12    EP 0 207 236 B1 



As Tables 2, 3 and 4 clearly show, the compositions of the lead alloy foils
largely determine the properties of the lead laminated tapes with these
foils and also the properties of the cables with these lead laminated
tapes. 5 Example 3 Fourteen electrically conductive, heat-adhesive
materials No. 1 to No. 14 for plastic films, having the 10  different
compositions shown in Table 5, were prepared. Of the components of each
material, low density polyethylene (LDPE) had MS value of 7, and
ethylene-vinyl acetate copolymer (EVA) contained 19 wt% of vinyl acetate,
and the carbon black was Ketjenbalck EC (trade name). Plastic films having
100 [err] were made by the inflation method. Lead alloy foils having a
thickness of 30 [err] were also formed of various Sn-Sb-Pb alloys
containing Sn and Sb in the amounts shown also in 15  Table 5. One plastic
film of each material was laminated on one surface of one of the foils at
[err] under pressure of 5 [err] (490.5 MPa) thereby providing a liminated
tape. The laminated tapes, consisting of a lead alloy foil and one
electrically conductive plastic film covering one surface of the foil, were
tested in the same way as in Example 2 to evaluate their properties. The
results are shown in Tables 5. The volume resistivity shown In Table 5 was
measured in the same way as 20  described above. 25 30 35 40 45 50 55 13
EP 0 207 236  B1 [err] 14   



EP 0 207 236 B1 As Table 5 clearly shows, in this case, too, the
compositions of the lead alloy foils largely determine the properties of
the lead laminated tapes with these foils and also the properties of the
cables with these lead laminated tapes. Example 4 Fourteen electrically
conductive, heat-adhesive materials No. 1 to No. 14 for plastic films,
having the 10  different compositions shown in Table 6, were prepared.
Further, 14 electrically insulating, heat-adhesive materials No. 1 to No.
14, having different compositions shown in Table 6, were prepared. Of the
components of each material, low density polyethylene (LDPE) had Ml value
of 7, and ethylene-vinyl acetate copolymer (EVA) contained 19 wt% of vinyl
acetate. and the carbon black was Ketjenbalck EC (trade name). 15
Conductive plastic films having 100 [err] were made by the inflation
method. Insulating plastic films having 100 [err] were also made by the
inflation method. Lead alloy foils having a thickness of 30 [err] were also
formed of various Sn-Sb-Pb alloys containing Sn and Sb in the amounts shown
also in Table 6. Each conductive plastic film and each insulative plastic
film were laminated on the surface of one of the foils at [err] under
pressure of 5 [err] thereby providing a laminated tape. 20     The
laminated tapes, consisting of a lead alloy foil, one electrically
conductive plastic film covering one of the surfaces of the foil, and one
electrically insulating plastic film covering the other surface of the
foil, were tested in the same way as in Example 2 to evaluate their
properties. The results are shown in Table 6. The volume resistivity shown
in Table 6 was measured in the same way as described above. 25 30 35 40 45
50 55    EP 0 207 236 B1 [err] 



EP 0 207 236 B1 [err] 35 Note: All insulating plastic films had the same
volume resistivity of [err] As Table 6 clearly shows, the compositions of
the lead alloy foils largely determine the properties of the lead laminated
tapes consisting of this foil, a conductive plastic film and an insulating
plastic film, and also 40 the properties of the cables with these lead
laminated tapes. As described above, the lead alloy foil and the lead
laminated tape of this invention, which comprises a lead alloy foil and an
electrically conductive plastic film laminated on one surface of the foil,
or two electrically conductive films laminated on both surfaces of the
foil, or one electrically conductive plastic film and one electrically
insulating film laminated on the surfaces of the foil, respectively, has
good formability, 45  great strength, excellent fatigue characteristic,
high corrosion resistance, low pinhole density, good adhe- siveness, and
excellent cable formability. Hence, it can be effectively used as a water
impervious layer or a chemical-resistant layer of power cables insulated
with rubber or plastics, and is industrially very useful. 50 Claims 1. A
lead alloy foil for laminated tape designed for covering cables, comprising
1.0 to 4.0 wt% of tin, 2.0 to 7.0 wt% of antimony and the balance being
lead, characterized in that the Sn/Sb ratio amounts up to 55     1. 2. The
lead alloy foil according to claim 1, having a thickness of 10 to 80 [err]
17    EP0207 236 B1 [err] 35 Note: All insulati ng plastic films had the
same volume resistivity of [err] As Table 6 clearly shows, the compositions
of the lead alloy foils largely determine the properties of the lead
laminated tapes consisting of this foil, a conductive plastic film and an
insulating plastic film, and also 



40 the properties of the cables with these lead laminated tapes.. As
described above, the lead alloy foil and the lead laminated tape of this
invention, which comprises a lead alloy foil and an electrically conductive
plastic film laminated on one surface of the foil, or two electrically
conductive films laminated on both surfaces of the foil, or one
electrically conductive plastic film and one electrically insulating film
laminated on the surfaces of the foil, respectively, has good formability,
45 great strength, excellent fatigue characteristic, high corrosion
resistance, low pinhole density, good adhe- siveness, and excellent cable
formability. Hence, it can be effectively used as a water impervious layer
or a chemical-resistant layer of power cables insulated with rubber or
plastics, and is industrially very useful. 50 Claims 1. A lead alloy foil
for laminated tape designed for covering cables, comprising 1.0 to 4.0 wt%
of tin, 2.0 to 7.0 wt% of antimony and the balance being lead,
characterized in that the Sn/Sb ratio amounts up to 55     1. 2. The lead
alloy foil according to claim 1, having a thickness of 10 to 80 [err] 17
EP 0 207 236 B1 3. A lead laminated tape designed for covering cables,
comprising: a lead alloy foil comprising 1.0 to 4.0 wt% of tin, 2.0 to 7.0
wt% of antimony, and the balance being lead, wherein the Sn/Sb ratio
amounts up to 1; and an electrically conductive plastic film laminated at
least on one of the surfaces of the lead alloy foil 5      and having a
volume resistivity of [err] or less. 4. The lead laminated tape according
to claim 3, characterized In that an electrically insulating plastic film
is laminated on one of the surfaces of said lead alloy foil, and an
electrically conductive plastic film is laminated on the other surface of
said lead alloy foil. 10 5. The lead laminated tape according to claim 3,
characterized in that two electrically conductive plastic films are
laminated on two surfaces of said lead alloy foil, respectively. 6. The
lead laminated tape according to claim 3, characterized in that said
electrically conductive plastic 15    film is composed of: (a) 40-100 parts
by weight of a mixture comprising ethylene-acrylic acid copolymer and/or 



ethylene-ethyl acrylate copolymer, and/or unmodified polyolefin and
modified polyolefin prepared by modifying polyolefin by unsaturated
carboxylic acid or its derivatives, and an epoxy group-containing
unsaturated compound, said unsaturated carboxylic acid or its derivatives
and said epoxy group- 20     containing unsaturated compound being used in
an amount of 0.01-1.0 wt% based on the mixture of the modified and
unmodified polyolefins; (b) 0-60 parts by weight of at least one polyolefin
selected from the group consisting of polyethylene, ethylene-vinyl acetate
copolymer and non-polar, polyolefin-based, low crystalline resin; and 25
(c) 5-140 parts by weight of at least one electrically conductive material
selected from the group consisting of carbon black, carbon fiber and
graphite. 7. The lead laminated tape according to claim 3, characterized In
that said lead alloy foil has a thickness of 10 to 80 [err] and said
electrically conductive plastic film has a thickness of 30 to 200 [err] 30
8. The lead laminated tape according to claim 3, characterized in that said
electrically conductive plastic film is laminated directly on said lead
alloy foil or adhered to said lead alloy foil by an electrically conductive
adhesive. 35  9. The lead laminated tape according to claim 4,
characterized in that said electrically insulating plastic film is
laminated directly or with an electrically insulating adhesive on said lead
alloy foil. 10. Use of a lead alloy foil comprising 1.0 to 4.0 wt% of tin,
2.0 to 7.0 wt.% of antimony, and the balance being lead, wherein the Sn/Sb
ratio amounts up to 1, for laminated tape to be used for covering power 40
cables. Revendications 45  1. Feuille d'alliage de plomb pour ruban
stratifiN destine au recouvrement de cables, contenant 1,0 a 4,0 % en poids
d'6taln, 2,0 a 7,0 % en poids d'antimoine, le reste 6tant du plomb,
caracteris~e en ce que le rapport Sn/Sb atteint 1 au maximum. 2. Feuille
d'aiage de plomb salon la revendication 1, ayant une 6palsseur de 10 a 80
m. 50 3. Ruban stratifi4 a base de plomb destine au recouvrement de cables,
comprenant: une feuille d'alliage de p0omb contenant 1,0 a 4,0 % en polds
de6tain, 2,0 a 7,0 % en polds d'antimoine, le reste 6tant du plomb, dans
laquelle le rapport Sn/Sb atteint 1 au maximum , et un film plastique
6lectriquement conducteur appllque au moins sur lPune des surfaces de la
feullle 55     d'adage de plomb et ayant une rdsistivit6 en volume de 106
0-cm ou momns. 4. Ruban stratifl6 a base de plomb salon la revendication 3,
caractdrise en ce qu'un film plastique 



6lectriquement isolant est appliqu6 sur Fune des surfaces de ladite feuille
d'alliage de plomb et qu'un 18    EP 0 207 236 B1 film plastique
dlectriquement conducteur est applique sur I'autre surface de ladite
feuille d'alliage de plomb. 5. Ruban stratifid a base de plomb solon la
revendication 3, caract~risd en ce que deux films plastiques 5
electriquement conducteurs sont appliques sur les deux surfaces de ladite
feuille dalliage de plomb, respectivement. 6. Ruban stratifid a base de
plomb solon ia revendication 3, caracterisd en ce que ledit film plastique
6lectriquement conducteur est constitue de: tO       (a) 40 A 100 parties
en polds d'un melange comprenant un copolymere 6thylbne-acide acrylique
etlou un copolymbre dthylbne-acrylate d'ethyle et/ou une polyolifine
non-modifies et une polyolefine modiflee. obtenue par modification d'une
polyolefine a l'aide d'un acide carboxylique insature ou ses derives, et
d'un composd insature contenant un groupe epoxy, ledit acide carboxylique
insature ou ses d6rives et ledit composW insature contenant un groups epoxy
dtant utilis6s en une proportion de t5       0,01 a 1.0 % en poids, le
pourcentage etant rapporte au melange des polyolefines non-modifile et
modifiee, (b) 0 a 60 parties en polds d'au molns une polyoldfine cholsie
dans le groups constitue par les polydthylbnes, les copolymeres
6thylbne-ac~tate de vinyle et les resines & faible cristallinite, & base de
polyolefine , non polaires , et 20       (C) 5 & 140 parties en poids d'au
moins un materiau electriquement conducteur choisi parmi le noir de
carbone, les fibres de carbons et le graphite. 7. Ruban stratifi a base de
plomb selon la revendication 3, caracterise en ce quo ladite feuille
d'alliage de plomb a une epaisseur de 10 a 80 am et quo ledit film
plastique electriquement conducteur a une 25     epaisseur de 30 a 200 um.
8. Ruban stratifl  & base de plomb selon la revendication 3, caract6rise en
ce que ledit film plastique 6lectriquement conducteur est appliqu6
directement sur ladito feuille d'alliage de plomb ou adhbre a ladite
feuille d'alllage de plomb par l'intermediaire d'un adh~sif 6lectriquement
conducteur. 30 9. Ruban stratifl6 & base de plomb selon la revendication 4,
caracterise en ce que ledit film plastique 



dlectriquement isolant est appliqu6 direoctement ou par l'interm6dialre
d'un adhesif electriquement isolant sur ladite feuille d'alliage de plomb.
3a 10. Utilisatlon d'une feuille d'alliage de plomb contenant 1,0 a 4,0 %
en poids d'6tain, 2,0 & 7,0 % en poids d'antimoine, le reste etant du
plomb, dans laquelle le rapport Sn/Sb atteint 1 au maximum, dans des rubans
stratifies destines & etre utilises au recouvrement de cables de puissance.
40 Anspriiche 1. Folio aus Bloilegierung fOr eln laminiertes Band fOr
Kabelummantelungen, umfassend 1,0 bis 4,0 Gew.% Zinn, 2.0 bis 7,0 Gew.%
Antimon, Rest Blei, dadurch gekennzelchnet, dass das Sn/Sb- Verhitnis bis
zu 1 betrlgt. 45 2. Folle aus Bleilegierung gemass Anspruch 1, mit einer
Dicke von 10 bis 80um. 3  Bleilaminiertes Band fUr Kabelummantelungen,
umfassend; eine Folio aus Bleilegierung, umfassend 1,0 bls 4,0 Gew.% Zinn,
2,0 bis 7,0 Gew.% Antimon, Rest so     Blel, wobei das Sn/Sb-Verhfltnis bis
zu 1 betragt; und einen wenigstens auf eine der Oberflachen der Folie aus
Bleilegiorung laminierten, elektrisch leitenden Kunststoffilm mit einem
Volumenwiderstand von 106 Ohm-cm oder weniger. 4. Bleilaminiertes Band
gemaiss Anspruch 3, dadurch gekennzelchnet, dass ein elektrisch
isollerender 55     Kunststoffilm auf sine der Oberflachen der Folio aus
Bleilegierung laminiert ist und sin elektrlsch leitender Kunststoffilm auf
die andere Oberfliche der Folie aus Bleilegierung laminiert ist. 5.
Bleilaminiertes Band gemass Anspruch 3, dadurch gokennzetchnet, dass zwei
elektrisch leitende    EP 0 207 236 B1 Kunststoffilme an die zwei
Oberflachen der Folie aus Bleilegierung laminiert sind. 6. Blellaminiertes
Band gemass Anspruch 3, dadurch gekennzelchnet, dass der elektrlsch
leltende Kunststoffllm zusammengesetzt ist aus: 6         (a) 40 bis 100
Gew.-Tsilen einer Mischung, umfassend Ethylen-Acryisaure-Copolymer und/oder
Ethylen-Ethylacrylat-Copolymer und/oder nicht-modifiziertes Polyolefin und
modifiziertes Polyolefin, hergestolit durch Modifizieren von Polyolefin
durch ungesdttigte Garbonsdure odor deren Derivate, und eine
epoxygruppenhaltige, ungesdttigte Verbindung, wobei die ungesattigte
Carbonsaure oder deren Derivate und die epoxxygruppenhaltige, ungesattlgte
Verbindung in einer Menge von 0,01 bis 1,0 id     Gew.%, bezogen auf die
Mischung der modifizierten und nicht-modifizierten Polyolefine, verwendet 



werden; (b) 0 bis 60 Gew.-Teilen wenigstens eines Polyolefins, ausgewlhIt
aus der Gruppe, bestehend aus Polyethylen, Ethylen-Vinylacetat-Copolymer
und nicht-polarem, auf Polyolefin aufgebautem, niedrigkri- stallinen Harz;
und 15        (C) 5 bis 140 Gew.-Teilen wenigstens oines elektrisch
leitfahigen Materials, ausgewihit aus der Gruppe, bestehend aus Russ,
Kohlefaser und Graphit. 7. Bleilaminiertes Band gemass Anspruch 3, dadurch
gekennzelchnet, dass die Folie aus Bleilegierung eine Dicke von 10 bis 80um
und der elektrisch leitende Kunststoffilm eine Dicke von 30 bis 200u1m hat.
20 8. Bleilaminiertes Band gemass Anspruch 3, dadurch gekennzelchnet, dass
der elektrisch leitende Kunststoffilm direkt auf die Folie aus
Bleilegierung laminlert oder auf die Folie aus Blellegierung durch einen
elektrisch leitfahigen Klebstoff befestigt ist. 25  9. Bleilaminiertes Band
gemass Anspruch 4, dadurch gekennzeichnet, dass der elektrisch isolierende
Kunststoffilm direkt odor mit elnem elektrisch Isollerenden Klebstoff auf
die Folio aus Bleileglerung laminiert ist. 10. Verwendung olner Folie aus
Bleilegierung, umfassend 1,0 bis 4,0 Gew.% Zinn, 2,0 bis 7,0 Gew.% 30
Antfmon, Rest Blel, wobei das Sn/Sb-VerhAltnis bis zu 1 betragt, fMr emn
laminiertes Band zur Verwendung fMr Starkstromkabelummantelungen. 35 40 45
50 56 20    


