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FIBER OPTIC CABLES WITH ACCESS FEATURES AND METHODS OF
MAKING FIBER OPTIC CABLES

RELATED APPLICATIONS

[001] This application claims the priority of U.S. Prov. App. No. 61/330,038, filed
April 30, 2010, the entire contents of which are hereby incorporated by reference.

[002] This application is related to U.S. Prov. App. No. 61/416,684, filed November
23, 2010.
BACKGROUND
[003] Fiber optic cables typically include one or more optical fibers surrounded by a

protective polymer jacket. The jacket must be robust enough to endure various
environmental conditions, yet must also allow field technicians to access the enclosed
optical fibers without undue effort and time. Various solutions have been proposed to
provide access to optical fibers in a cable core, including the inclusion of ripcords and
other means. U.S. Patent 5,970,196 includes large inserts that can be removable from a
cable jacket to allow access to the cable core. The inserts are so large, however, that
mechanical performance of the cable may suffer as the size of the inserts allow large

sections of the cable/tube jacket to bend and flex in dissimilar modes.

[004] U.S. Patent 7,187,830 discloses the creation of voids filled with liquid or gas,
but such voids may also adversely affect structural integrity of some cable jacket types,

as well as providing paths for water ingress.

SUMMARY

[005] According to one embodiment, a cable comprises a core and a jacket
surrounding the core. The jacket comprises a main portion of a first material, and at least
one discontinuity of a second material. The discontinuity extends along a length of the
cable, and the bond between the main portion and the discontinuity allows the jacket to
be separated at the discontinuity to provide access to the core. The discontinuity may
constitute a relatively small portion of the overall jacket area and may remain integral

with the jacket after access.
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[006] According to a first aspect, the main portion and the discontinuity can be
extruded together so that the first and second materials flow together during extrusion,
and bond together during cooling. The second material can flow into a trough formed in

the first material during extrusion.

[007] According to a second aspect, the second material of the discontinuities can
include selected quantities of the first material to enhance bonding between the main

portion and the discontinuities.

[008] Those skilled in the art will appreciate the above stated advantages and other
advantages and benefits of various additional embodiments reading the following

detailed description with reference to the below-listed drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[009] According to common practice, the various features of the drawings discussed
below are not necessarily drawn to scale. Dimensions of various features and elements
in the drawings may be expanded or reduced to more clearly illustrate the embodiments

of the invention.

[010] FIG. 1 is a partial cutaway view of a fiber optic cable according to a first
embodiment.

[011] FIG. 2 is a cross section of the cable jacket illustrated in FIG. 1.

[012] FIG. 3 is an isolated cross-sectional view of one of the discontinuitics in the

cable jacket of FIG. 2.

[013] FIG. 4 is a cutaway view of a coextrusion apparatus used to manufacture cables

with discontinuities.

[014] FIG. 5 is a cutaway view of the coextrusion apparatus of FIG. 4 illustrating

extrudate material flow.

[015] FIG. 6 illustrates a ring that can be used to modify conventional cable jacketing

devices to form discontinuities.

[016] FIG. 7 is a partial cutaway view of a fiber optic cable according to a second

embodiment.

DETAILED DESCRIPTION
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[017] FIG. 1 is a partial cutaway view of a fiber optic cable 10 according to a present
embodiment. The cable 10 comprises a core 20 surrounded by a jacket 30. The jacket
30 has an interior surface 34 that faces the core 20, and an exterior surface 38. The
jacket 30 can be formed primarily from polymer materials, and can be generally referred
to as “polymeric.” In this specification, the term “polymer” includes materials such as,
for examples, copolymers, and polymer materials including additives such as fillers. The
core 20 can be, for example, an assembly or arrangement having data-transmission
and/or power-transmission capabilities. In the illustrated embodiment, the core 20

includes a bundle of optical fibers 40 bundled within contrahelically wound binders 44,
46.

[018] The jacket 30 includes a separation feature that facilitates access to the core 20.
In the exemplary embodiment, the separation feature is a pair of discontinuities 50 that
extend along the length of the cable 30. In this specification, the term “discontinuity”
indicates a portion of the jacket 30 of different material composition than the main
portion of the jacket 30, the main portion being indicated by reference number 55. The
main portion 55 can essentially be an annular hoop surrounding the core 20, with the
discontinuities 50 extending longitudinally through the main portion 55 along the length
of the cable 10. According to one aspect, the discontinuities S0 provide lines of
weakness that allow the jacket to be separated 30 as shown in FIG. 1. The
discontinuities 50 can conform to the profile of the main portion 55 so that the jacket 30

is a relatively uniform annulus.

[019] FIG. 2 is a cross-section of the jacket 30 in isolation, taken on a plane
perpendicular to a length of the cable 10. In the exemplary embodiment, the
discontinuities 50 are bonded to the main portion of the jacket 55 when the jacket 30 is
extruded. The main portion 55 and the discontinuities 50 can be formed from extrudable
polymers, so that as the extrudate used to form the main portion 55 and the
discontinuities 50 cools and solidifies, the extrudates become bonded at an interface 54
on cach side of a discontinuity 50. When the discontinuitiecs 50 are formed while
extruding in the same step as the main portion 55 of the jacket, the bond between
discontinuity 50 and the remainder of the jacket 30 can be generally described as enabled
by polymer chain entanglement as the jacket 30 solidifies. The jacket 30 accordingly
comprises a cohesive composite structure. In FIG. 2 the interfaces 54 are shown as clear

delineations, while in practice there may be a transition region between the materials of



WO 2011/137236 PCT/US2011/034309

the main portion 55 and the discontinuities 50. The curved “T” shape of the
discontinuities 50 in FIG. 2 are a result of one extrusion process that can be used to form

the discontinuities, but other shapes are possible.

[020] The discontinuities 50 can be relatively narrow strips in the jacket 30, and may
occupy relatively small portions of the jacket cross-sectional area Aj. For example, the
discontinuitiecs 50 can have cross-sectional arcas Ap that arc less than 10% of Ay, and as
low as less than 5% or 3% of Aj. In the illustrated embodiment, the discontinuitics 50
cach have cross-sectional arcas Ap that are about 3% of A;. In FIGS. 1 and 2, two
discontinuities 50 are formed in the jacket 30 to facilitate opening of the jacket as shown
in FIG. 1. Depending on the form that the core 20 takes, the number, spacing, shape,
composition and other aspects of the discontinuities 50 can be varied. For example, a
single discontinuity in the jacket 30 may be sufficient to allow the cable jacket 30 to be
opened away from the core 20. The discontinuities in FIG. 1 are shown as rectangular
strips for the purposes of illustration. In practice, the discontinuities may have curved or
irregular shapes, and the discontinuities will generally fracture so that they remain

attached to the main portion of the jacket.

[021] FIG. 3 is an isolated view of one of the discontinuities 50 in the jacket 30. In
the illustrated embodiments, the width W of the discontinuity 50 is much greater near the
exterior surface 38 of the jacket 30 than at the radially inward portion of the
discontinuity 50. The discontinuities 50 can accordingly form a small, visible portion of
the exterior surface of the cable jacket 30. This is due to the manufacturing process used
to form the exemplary jacket, in which the extrudate used to form the discontinuity 50
was introduced from the direction 60, into the exterior of the jacket, and inwardly into
the extrudate material used to form the main portion 55. The discontinuities 50 are thus
progressively narrower as they extend radially inwardly. The discontinuity extends a
depth D into the jacket 30, which has a thickness T. In this embodiment, the
discontinuity 50 extends essentially from the exterior surface 38 to the interior surface 34
of the jacket 30. The depth D need not equal the thickness T, however. For example,
discontinuities having depths D of at least 80% of the thickness T may be effective in
providing tear locations for tearing the jacket 30. Discontinuities having depths D of at
least 50% of the thickness T may also be effective in providing access locations for

tearing the jacket 30. Depending on the jacket cross-section and materials used,
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discontinuities having depths D of at least 30% may be effective in facilitating access to

the core.

[022] The width W illustrated in FIG. 3 can correspond to a maximum width of the
discontinuity 50. The width W is a measurement taken generally along the
circumference of the jacket 30, or more specifically taken perpendicular to a radius
bisecting a discontinuity 50. The width W can also be expressed as an arc length
described in degrees. For example, the maximum width W of the discontinuity 50
shown in embodiment shown in FIG. 3 can be in the range of 0.5 - 2.0 mm. Stated
alternatively, at its maximum width W, a discontinuity can traverse less than 20 degrees
of arc along the circumference of the jacket 30 for small cable diameters. A

discontinuity can traverse less than 10 degrees of arc for larger cables.

[023] If an extremely thin, “film” type embodiment of discontinuity 50 is included,
the maximum width W of a discontinuity can be in the range of 0.2 mm or less, and may
be about 0.1 mm, corresponding to 1 degree of arc or less. Stated alternatively, at its
maximum width W, a discontinuity can traverse less than 2 degrees of arc along the

circumference of the jacket 30.

[024] The materials and processes used to form the main portion 55 and the
discontinuities 50 can be selected so that the interfaces 54 allow for relatively easy
access to the core 20 by tearing the jacket 30 as shown in FIG. 1. The cable 10 may be
constructed to meet other requirements for robustness, such as requirements for the
jacket 30 stay intact under tensile loads, twisting, in temperature variations, and when

subjected to other known cable test criteria, such as, for example, ICEA 460, and GR20.

[025] The main portion 55 in the illustrated jacket 30 was extruded from medium
density polyethylene (MDPE), and the discontinuities S0 were extruded from
polypropylene (PP). The jacket 30 was formed in a coextrusion process so that the main
portion 55 and the discontinuities 50 bonded during cooling to form relatively strong
bonds at the interfaces 54. A cable formed in the process (not shown) also included
water-swellable tape in the core 20 under binder threads. The cable jacket 30 was robust
yet relatively low pull forces were sufficient to shear the jacket 30 along the

discontinuities 50.

[026] Without being bound by theory, Applicants believe the bond between
polypropylene and polyethylene may be caused by one or both of quantities of ethylene
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that are compounded in the polypropylene bonding with the polyethylene (PE), and
molecular entanglement between the PE and PP. According to this understanding, the
amount of ethylene in the PP extrudate can be increased to increase the bond between the
discontinuities and the remainder of the jacket. In general, if the main portion 55 of the
jacket 30 is formed from a first polymer material, and the discontinuities are formed
from a second polymer material, the discontinuities can include from 0.5% - 20% by

weight of the first polymer material.

[027] If a narrow, thin film discontinuity 50 is included in the jacket, the content of
the first polymer in the discontinuity can be similar to the embodiment of FIG. 2. One
embodiment of a thin film discontinuity contains PP with about 9% PE. Higher PE
contents, such as to up 20% PE, are also possible. PE contents of less than 0.2% in PP

may result in insufficient bonding between the main portion and a discontinuity.

[028] The inclusion of discontinuitics S0 in the jacket 30 allows for a cable access
procedure not available in conventional cables. Referring to FIGS. 1 and 2, the cable 10
can be accessed by scoring the end of an intact cable in the vicinity of the discontinuities
50. The cable end can be scored by, for example, a pair of snips, a knife, or some other
bladed instrument. One or both sides of the torn jacket 30 can then be pulled back as
shown in FIG. 1, with the jacket 30 tearing along the planes being created by the
presence of the discontinuities 50. One or both sides of the jacket 30 can be pulled back
to a desired length along the cable 10 to provide access to the core 20. The
discontinuities are generally small enough so that they fracture and adhere to respective
sides of the main portion 55 of the jacket 30. Discontinuities extending along the entire
length of the cable 10 are effective in providing access to the core 20 according to this
method. Shorter discontinuity lengths may also be effective however. For example,
discontinuities having lengths of at least 10 centimeters along the length of the cable may
be sufficient. The discontinuities S0 can be of different color than the main portion 55 so
that they can be easily located and visible from the cable exterior. If the discontinuities
50 extend for a length along the jacket that is less than the entire length of the cable,
different coloring of the discontinuities 50 can aid a technician in finding a location on

the cable 30 to gain access.

[029] The cable 10 can be manufactured using existing coextrusion equipment subject
to minor modifications. For example, extruders from the Davis-Standard line of wire

and cable extruders can be used to form a cable jacket according to the present
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embodiments. For example, a 1-1/2 inch (40 mm) barrel diameter extruder and a larger
barrel diameter extruder, such as a 3, 4, or 4-1/2 inch extruder available from Davis-
Standard, can be screwed into a crosshead in a configuration that would conventionally
be used to extrude a cable jacket with the larger extruder, and a to extrude a stripe on the
exterior of the cable jacket with the smaller extruder. In a conventional process, the
stripe extrudate material is deposited on the surface of the jacket extrudate. According to
the present embodiment, the flow of extrudate in the jacket extruder is diverted at the
location or locations where the stripe extrudate material is introduced to the jacket
extrudate. The diversion of the jacket extrudate creates a depression or trough in the
flow of jacket extrudate, into which the extrudate material used to form a discontinuity is
introduced. The jacket extrudate along with the with discontinuities formed therein then

contracts and solidifies around a fiber optic core advancing through the crosshead.

[030] FIG. 4 illustrates a cutaway section view of a coextrusion apparatus 100 that
can be screwed into a crosshead and used to manufacture a cable according to the present
embodiments. The arrows in FIG. 4 illustrate the flow direction of extrudate. FIG. §
illustrates the coextrusion apparatus 100 including representations of the extrudate
materials forming the jacket 30. The apparatus 100 can generally be constructed from
commercially available components used in a cable jacketing line with the capability to
extrude stripes on a cable jacket, except for the modification described below. Referring
to FIGS. 4 and 5§, the apparatus 100 includes a first input port 110 that receives a first
molten extrudate material 112 that is used to form the main portion 55 of the jacket 30.
A second input port 120 allows introduction of a second molten extrudate material 122
used to form the discontinuities 50. A cavity 130 houses a tip (not shown) that in part

defines the shape of the extrusion cone 136, and the ultimate form of the cable jacket.

[031] FIG. 6 illustrates a ring 150 that is inserted in the apparatus 100 that enables
formation of the discontinuities in the flow of the first extrudate material 112. The ring
150 includes two projections 152 that act to divert the flow of the first extrudate 112.
The projections 152 divert the flow of the first extrudate 112 and create a trough or
depression in the extrudate flow, into which the second extrudate material 122 flows as

shown in FIG. 5.

[032] Referring to FIG. §, to form a fiber optic cable 10, a cable core (not shown) is
advanced along the centerline 102 of the apparatus 100. First extrudate material 112 is

pumped into the first input port 110, which then advances through channels in the
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apparatus 100 and travels over the tip (not shown). The projections 152 divert the flow
of extrudate 112 and create troughs. At these locations, the second extrudate material
122 is introduced into the troughs. The second extrudate material 122 therefore flows as
a liquid in the flow of first extrudate material 112 as the jacket is extruded. The
extrusion cone 136, which is comprised of the first and second extrudate materials 112,

122, cools and solidifies around the core to form the jacket 30.

[033] FIG. 7 is a partial cutaway view of a fiber optic cable 310 according to a
second embodiment. The cable 310 comprises a core 320 surrounded by a jacket 330,
similar to the embodiment shown in FIG. 1. The jacket 330 includes a pair of
discontinuities 350 that extend along the length of the cable 330. In this embodiment,
the discontinuities 350 are relatively close together (e.g., within 90 degrees of each other)

so that a narrow strip of jacket 330 can be peeled away from the core 320.

[034] The cable jacket main portions 55, 355 and the discontinuities 50, 350
described in this specification can be made from various polymer materials. Either main
portion or discontinuity may be made from polypropylene (PP), polyethylene (PE), or
blends of materials such as a blend of PE and ecthylene vinyl acetate (EVA), flame-
retardant material such as flame-retardant polyethylene, flame-retardant polypropylene,
polyvinyl chloride (PVC), or polyvinylidene fluoride PVDF, filled materials such as
polybutylene terephthalate (PBT), a polycarbonate and/or a polyethylene (PE) material
and/or an ethylene vinyl acrylate (EVA) or other blends therecof having fillers like a

chalk, tale, or the like, and other materials such as a UV-curable acrylates.

[035] In the exemplary embodiments, the first material may comprise at least 80% of
a first polymer, polyethylene, by weight, and the second material comprises at least 70%
of a second polymer, polypropylene, by weight and at least 0.5% of the first polymer
polyethylene by weight. Higher amounts by weight of the first polymer may be included

in the second material, such as at least 1.0%, or at least 2%.

[036] In an alternative embodiment, polypropylene can be used as the first polymer
primary component of the main portion of the jacket, and polyethylene can be used as
the primary component in the discontinuities. In this case, amounts of polypropylene can
be added to the polyethylene discontinuities to promote bonding between the

discontinuities and the main portion.
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[037] In general, the desirable separation properties disclosed in this specification
may be obtained by coextruding the discontinuities from a different material than the
material used to form the main portion of the jacket. As an alternative method, the
discontinuities may be made from the same material as the remainder of the jacket, but

subjected to different curing conditions, for example.

[038] The illustrated cores are capable of conveying fiber optic communication
signals. In additional to optical fibers, or as an alternative to optical fibers, electrical
conductors can be included in the cable core, so that the core is capable of conveying

electrical communication signals.

[039] Many modifications and other embodiments, within the scope of the claims will
be apparent to those skilled in the art. For instance, the concepts of the present invention
can be used with any suitable fiber optic cable design and/or method of manufacture.
Thus, it is intended that this invention covers these modifications and embodiments as

well those also apparent to those skilled in the art.
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What is claimed is:

1. A cable, comprising:
a core; and
a jacket surrounding the core, the jacket comprising:
a main portion of a first extruded polymeric material; and
at least one discontinuity of a second extruded polymeric material in
the main portion, the discontinuity extending along a length of the cable, and
the first material being different from the second material, wherein
the bond between the discontinuity and the main portion allows the jacket to be
separated at the discontinuity to provide access to the core,
a cross-sectional area of each discontinuity is less than five per cent of a cross-
sectional area of the jacket, and

the jacket is applied about the core by extruding the first material and the second

material together.

2. The cable of claim 1, wherein the discontinuity extends along the entire length
of the cable.

3. The cable of claim 1, wherein the jacket has an interior surface that faces the

core and an exterior surface, the discontinuity forming a portion of the exterior surface.

4. The cable of claim 3, wherein the discontinuity extends radially inward from

the exterior surface a distance of at least fifty per cent of a thickness of the jacket.

5. The cable of claim 3, wherein the discontinuity extends radially inward from

the exterior surface to the interior surface of the jacket.

6. The cable of claim 1, wherein the core includes at least one optical fiber.

7. The cable of claims 1-6, wherein a cross-sectional area of each discontinuity is

less than three per cent of a cross-sectional area of the jacket.

10
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8. The method of claims 1-6, wherein the first extruded polymeric material is
comprised of at least eighty per cent by weight of a first polymer, and wherein the second
extruded polymeric material is comprised of at least seventy per cent by weight of a second

polymer and at least 0.5 per cent by weight of the first polymer.

9. The cable of claim 8, wherein the first polymer is polyethylene and second

polymer is polypropylene.

10.  The cable of claims 1-6, wherein the at least one discontinuity includes two

discontinuities that are spaced from one another in the jacket.

11.  The cable of claims 1-6, wherein the at least one discontinuity has a maximum

width that traverses less than 20 degrees of arc along a circumference of the jacket.

12.  The cable of claims 1-6, wherein the at least one discontinuity has a maximum
width measured perpendicular to a radius passing through the discontinuity that is less than 2

mm.

13.  The cable of claims 1-6, wherein the at least one discontinuity has a maximum
width measured perpendicular to a radius passing through the discontinuity that is less than

0.2 mm.

14. A method of making a cable, comprising:
advancing a core including a plurality of optical fibers in a first direction; and
extruding a jacket around the core, the extruding comprising:
introducing a first polymeric extrudate material into the extrusion
apparatus;
forming at least one trough in a flow of the first extrudate material;
introducing a second polymeric extrudate material into the trough to
form at least one discontinuity in the first extrudate material; and
allowing the first and second extrudate material to draw down and cool
around the core, wherein the first and second material form a jacket around the

core, wherein

11
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the second extrudate material flows in a flow of the first extrudate material as the
jacket is extruded and the second extrudate material bonds to the first extrudate material as

the first and second materials cool.

15.  The method of claim 14, wherein a projection extends into a flow path of the

first extrudate material to form the at least one trough.

16.  The method of claim 14, wherein the jacket has an interior surface that faces

the core and an exterior surface, the discontinuity forming a portion of the exterior surface.

17.  The method of claim 16, wherein the discontinuity extends radially inward

from the exterior surface a distance of at least fifty per cent of a thickness of the jacket.

18. The method of claims 14-17, wherein a cross-sectional arca of ecach

discontinuity is less than ten per cent of a cross-sectional area of the jacket.

19. The method of claims 14-17, wherein a cross-sectional arca of ecach

discontinuity is less than five per cent of a cross-sectional area of the jacket.

20.  The method of claims 14-17, wherein the first polymeric extrudate material is
comprised of at least eighty per cent by weight of a first polymer, and wherein the second
polymeric extrudate material is comprised of at least seventy per cent by weight of a second

polymer and at least 0.5 per cent by weight of the first polymer.

21.  The method of claim 20, wherein the first polymer is polyethylene and second
polymer is polypropylene.

22.  The method of claims 14-21, wherein forming at least one trough in the flow

of the first extrudate material comprises forming two spaced troughs.
23. The method of claims 14-22, wherein the first extrudate material forms a main

portion and the second extrudate material forms a discontinuity having a maximum width that

traverses less than 20 degrees of arc along a circumference of the jacket.

12
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24, A method of making a cable, comprising:
advancing a core in a first direction, the core being capable of conveying
communication signals; and
extruding a jacket around the core, the extruding comprising:
introducing a first polymeric extrudate material into the extrusion
apparatus;
introducing a second polymeric extrudate material into the first
polymeric extrudate material to form at least one discontinuity in the first
extrudate material; and
allowing the first and second extrudate material to draw down and cool
around the core, wherein the first and second material form a jacket around the
core, wherein
the second extrudate material flows in a flow of the first extrudate material as the
jacket is extruded and the second extrudate material bonds to the first extrudate material as
the first and second materials cool, and
a cross-sectional area of each discontinuity is less than five per cent of a cross-

sectional area of the jacket.

25.  The method of claim 24, wherein the jacket has an interior surface that faces
the core and an exterior surface, the discontinuity forming a portion of the exterior surface
and extending radially inward from the exterior surface a distance of at least thirty per cent of

a thickness of the jacket.

26.  The method of claim 24, wherein the discontinuity has a depth that is at least
fifty per cent of a thickness of the jacket.

27. A cable, comprising:
a core comprising a plurality of optical fibers; and
a jacket surrounding the core, the jacket comprising:

a main portion of a first polymeric extruded material;

13
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a first discontinuity of a second polymeric extruded material in the
main portion, the discontinuity extending along a length of the cable, and the
first material being different from the second material; and

a second discontinuity of the second polymeric extruded material in the
main portion and spaced from the first discontinuity, wherein

a bond between the discontinuities and the main portion allows the jacket to be
separated at the discontinuities to provide access to the core,

the discontinuities have a depth that is at least thirty per cent of a thickness of the
jacket, and

the first polymeric extruded material comprises at least eighty per cent polyethylene
by weight, and the second polymeric extruded material comprises at least seventy per cent

polypropylene by weight and at least 0.5 per cent polyethylene by weight.

28. A cable, comprising:
a core including at least one optical fiber; and
a jacket surrounding the core, the jacket comprising:
a main portion of a first extruded polymeric material; and
at least one thin film discontinuity of a second extruded polymeric
material in the main portion, the discontinuity extending along a length of the
cable, and the first material being different from the second material, wherein
the bond between the discontinuity and the main portion allows the jacket to be
separated at the discontinuity to provide access to the core,
wherein the at least one thin film discontinuity has a maximum width that traverses
less than 2 degrees of arc along a circumference of the jacket, and
the jacket is applied about the core by extruding the first material and the second

material together.

29.  The cable of claim 28, wherein the discontinuity extends radially inward a

distance of at least fifty per cent of a thickness of the jacket.

30.  The cable of claim 28, wherein the first extruded polymeric material is

polyethylene and second extruded polymeric material is polypropylene.
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31. A cable, comprising;
a core comprising a plurality of optical fibers; and
a jacket surrounding the core, the jacket comprising:
a main portion of a first polymeric extruded material; and
at least one discontinuity of a second polymeric extruded material in
the main portion, the discontinuity extending along a length of the cable, and
the first material being different from the second material, wherein
a bond between the discontinuities and the main portion allows the jacket to be
separated at the discontinuities to provide access to the core,
the discontinuities have a depth that is at least thirty per cent of a thickness of the
jacket, and
the first polymeric extruded material comprises at least eighty per cent of a first
polymer by weight, and the second polymeric extruded material comprises at least seventy

per cent of a second polymer by weight and at least 1 per cent of the first polymer by weight.
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