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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to optical fiber cables and, more particularly, to a polypropylene-polyethylene
copolymer core or buffer tube for an optical fiber cable, and a method for making the same.

Description of the Prior Art

[0002] Optical fiber cables have been used for many years to transmit information at high rates and very long dis-
tances. The transmission medium of the optical fiber cable are delicate hair-thin optical fibers. Ordinarily, these optical
fibers reside in a buffer tube or in a core tube. Hereinafter, for the sake of simplicity, buffer tubes shall also include core
tubes. The buffer tube provides the primary structure to protect the hair-thin optical fibers residing therein. The buffer
tube may be fabricated from a single material or from a combination of two or more materials in a multi-layer form.
[0003] Invirtually all optical fiber cables, it is desirable to have a buffer tube made from a material with a high Young's
modulus. The use of a material with a high Young's modulus results in a cable with a buffer or core tube having relatively
high tensile and compressive resistance capability, a trait useful in protecting the optical fibers in the event the cable
is twisted, stretched or compressed. Also, it is important to select a material for the buffer tube that has a low thermal
expansion coefficient. Too much shrinkage or expansion of the buffer tube caused by temperature changes could place
tensile or compressive loads on the optical fibers residing therein. High tensile or compressive loads can result in
damaged or broken optical fibers.

[0004] Prior art buffer tubes have been made from polybutylene terephthalate (PBT), polycarbonate (PC), a layered
combination of PBT and PC, or a polyamide such as Nylon-12. The PBT, PC or Nylon are fairly good materials for
making buffer or core tubes because they are materials that have high Young's modulus and low thermal expansion
coefficients. However, such materials also have some disadvantages when compared to other materials such as poly-
propylene-polyethylene copolymers. These disadvantages include higher cost, lower flexibility, moisture sensitivity,
and increased difficulty in handling and processing due to the mechanical properties of the materials.

[0005] While polypropylene-polyethylene copolymers are cheaper and easier to handle than PBT, PC or Nylon and
could be used as buffer or core tubes for optical fiber cables, they generally have not been favored over PBT, PC or
Nylon. The polypropylene-polyethylene copolymers generally have higher thermal expansion coefficients and lower
Young's modulus than PBT, PC or Nylon such that a buffer tube made with the polypropylene-polyethylene copolymer
would have greater shrinkage, and less compression-tension resistance. The disadvantages of greater shrinkage and
lower compression-tension resistance of polypropylene-polyethylene copolymers have outweighed the material han-
dling and cost advantages offered by this material.

[0006] To overcome some of the above noted disadvantages, U.S. Patent No. 5,031,996 discloses an optical fiber
cable having a dual-layer buffer tube. According to this patent the outside layer is formed from PBT and the inside
layer from a modified polypropylene material. The patent further discloses that the modified polypropylene material
may be a copolymer with polyethylene which is provided with an inorganic filler as a blend with cross-linked polypro-
pylene to enhance its properties.

[0007] One disadvantage with the modified polypropylene material disclosed in U.S. Patent No. 5,031,996 is that
relatively large amounts of filler must be added to the polypropylene polymer to obtain the appropriate mechanical
strengths required for optical fiber cables. When large amounts of filler are added, the buffer tube becomes too stiff
and loses its flexibility at low temperatures. Also, the processibility of polymer with high filler content or loading (typically
20 to 40 percent by weight) becomes more difficult and causes extruder tooling abrasion. Furthermore, modification
of the polypropylene polymer with inorganic filler materials does not increase the crystallization rate, which is important
because high crystallization rates lead to improvements in the stability of the buffer tube and lowers excess fiber length
requirements.

SUMMARY OF THE INVENTION

[0008] The present invention, as recited in claim 1, is designed to overcome the limitations that are attendant upon
the use of the prior art cables and materials described above, and toward this end, it contemplates a polypropylene-
polyethylene copolymer optical fiber cable buffer tube which has high strength, low shrinkage, good flexibility, improved
processibility and low cost. In the preferred embodiment, the buffer tube can be made by extruding a tube from a
polypropylene-polyethylene copolymer having a nucleating agent incorporated therein. Examples of nucleating agents
include inorganic materials, salts of aliphatic monobasic or dibasic acids, aralkyl acids, or alkali metal or aluminum
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salts of aromatic or alicyclic carboxylic acids.

[0009] Also, materials such as talc, glass fiber, glass spheres, for example, may also be added as filler materials to
a nucleated polypropylene-polyethylene copolymer prior to extrusion of a buffer tube to further modify the physical
properties such as strength, shrinkage, and flexibility of the resulting extruded tube.

[0010] Itis anobject of the presentinvention to provide a buffer tube manufactured from a polypropylene-polyethylene
copolymer that has high strength, low shrinkage, good flexibility, improved processibility and low cost.

[0011] The invention will be more fully understood when reference is made to the following detailed description taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The drawings, not drawn to scale, include:

FIG. 1, which is a perspective cutaway section of an optical fiber cable made with the buffer tube of the present
invention.

FIG. 2, which is a cross-sectional view taken along the 2--2 line of FIG. 1;

FIG. 3, which is a cross-sectional view similar to FIG. 2 but of another cable structure incorporating the buffer tube
of the present invention;

FIG. 4, which is a compression resistance chart comparing compression resistance to talc content for buffer tubes
made according to the present invention;

FIG. 5, which is a graph comparing stretch to load for various buffer tubes of differing talc content made according
to the present invention; and

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0013] Referring to FIG. 1, therein is illustrated an optical fiber cable as generally indicated by the numeral 10 incor-
porating the present invention. This cable structure 10 has a single large, gel-filled buffer or core tube 12 made from
a polypropylene-polyethylene copolymer resin or compound blended with at least a nucleating agent. The gel in the
buffer tube is a thixotropic, water blockable gel such as mineral gels, petroleum gels. The gel filled buffer tube 12
contains a plurality of optical fibers 14. Radial strength yarns 16 made of either aramid, polyethylene, polyester or
fiberglass materials are contra-helically stranded around the buffer tube 12 and impregnated with filling compound
such as a petroleum based hot melt filling compound. Preferably, at least 50% of the outer surface area of the buffer
tube 12 is covered by the radial strength yarns 16. Corrugated steel armor 18 is applied over the radial strength yarns
16 and the corrugated steel armor 18 is flooded with a water blockable flooding compound 19 such as petroleum based
hot melt filling compound manufactured by Witco Corporation, New York, N.Y. or Amoco Chemical Company, Chicago,
or a petroleum based flooding compound. A high strength rip cord 20 is applied under the armor 19 to aid with sheath
removal. Two strength members 22 are located 180 degrees apart on the outside of the corrugated armor 18. The
strength members 22 may be fabricated from steel or fiber reinforced plastics. A medium-density polyethylene (MDPE)
outer jacket 24 encapsulates the strength members 22 and corrugated armor 18 to complete the structure. The water
blockable flooding compound 19 is disposed between the corrugated armor 18 and the outer jacket 24.

[0014] Fig. 3 generally illustrates a non-armored cable structure incorporating the present invention and is generally
indicated by the numeral 30. This structure includes a single, large, gel-filled buffer tube 32 made of a polypropylene-
polyethylene copolymer at least incorporating a nucleating agent. Similar to the cable design shown in Figs. 1 and 2,
the gel in the buffer tube is a thixotropic, water-blockable gel. The gel-filled buffer tube 32 contains a plurality of optical
fibers 34. Radial strength yarns 36, made from either aramid, polyethylene, polyester, or fiberglass materials, are
contra-helically stranded around the buffer tube 32 and impregnated with filling compounds such as a petroleum based
hot melt filling compound manufactured by Witco or Amoco. Similar to the cable shown in Figs. 1 and 2 at least 50%
of the outer surface area of the buffer tube 32 is covered by the radial strength yarns 36. Two metallic or dielectric
strength members 38 are located 180 degrees apart on the outside of the radial strength yarns 36. A high strength rip
cord 40 is applied over the radial strength yarns 36 to aid in sheath removal. A medium-density polyethylene (MDPE)
outer jacket 42 encapsulates the strength members 38 and radial strength yarns 36 to complete the structure. The
MDPE of jacket 42 may be filled with carbon black powder.

[0015] The two embodiments discussed above merely provide examples of optical fiber cable structures with single
layer buffer tubes for which the present invention may be used. It will be appreciated by those skilled in the art that the
present invention may be used with other fiber optic cable structures, such as a dual layer buffer tube as described
below.

[0016] According to the present invention, less expensive polypropylene-polyethylene copolymer resins or other
compounds can be used to make buffer tubes for optical fiber cable structures, such as those shown in Figs. 1-3, by
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incorporating nucleating agents in the polypropylene-polyethylene copolymer melt prior to extrusion of a buffer tube,
and additionally, by incorporating filler materials with the nucleated copolymer prior to the extrusion of a buffer tube.
Nucleating agents that can be used in the present invention include: inorganic materials such as talc, mica, silica,
carbon black and kaolin; salts of aliphatic monobasic or dibasic acids or arylalkyl acids such as sodium succinate,
sodium glutarate, sodium caproate, sodium 4-methylvalerate, aluminum phenylacetate and sodium cinnamate; or alkali
metal or aluminum salts of aromatic or alicyclic carboxylic acids, such as aluminum benzoate, sodium or potassium
benzoate, sodium B-naphthoate, lithium benzoate, and aluminum term.-butylbenzoate.

[0017] The nucleating agents form nuclei for growth of crystals in the polypropylene-polyethylene copolymer melt.
A high degree of crystallinity and a more uniform crystalline structure is obtained by adding the nucleating agent to the
copolymer melt. As a result of increasing the degree of crystallinity of the copolymer, the resulting copolymer has
increased Young's modulus, yield, tensile strength, compression resistance and dimensional stability as well as a
reduced coefficient of thermal expansion.

[0018] Any nucleating agent added to the polypropylene-polyethylene melt to improve the above mentioned physical
properties should be homogeneously dispersed in the polymer melt in a fine form (approximately 1 to 10 um in size).
It has been found that concentrations up to 0.5 weight percent provide the maximum enhancements of the copolymer's
physical properties. It has also been found that higher concentrations of nucleating agents do not necessarily produce
further enhancements of the copolymer's physical properties, and likewise, a buffer tube made therefrom.

[0019] Asdiscussed above, in addition to nucleating agents, filler materials can be added to a copolymer prior to the
extrusion process used in making a buffer tube. Filler materials found useful for improving the Young's modulus, yield,
tensile strength, compression resistance and dimensional stability of the copolymer as well as reduce the coefficient
of thermal expansion include: talc, glass fiber, glass spheres, sodium benzoate or calcium carbonate in the copolymer
prior to the extrusion of a buffer tube.

[0020] Thus, according to the present invention, a single layer polypropylene-polyethylene copolymer buffer tubes
suitable for use in optical fiber cables can be fabricated by extruding, using any well known extrusion process, a poly-
propylene-polyethylene copolymer resin having approximately 2 to 30 weight percent polyethylene containing approx-
imately 0.1 to 1.0 weight percent nucleating agent therein, such as talc. In another embodiment, a polypropylene-
polyethylene copolymer buffer tube may be fabricated by extruding a blend of a polypropylene-polyethylene copolymer
resin containing approximately 0.1 to 1.0 weight percent nucleating agent therein and polypropylene-polyethylene
copolymer compound having approximately 1 to 40 weight percent filler material disbursed therein.

[0021] For example, it has been found that buffer tubes of the present invention can be produced from Stamylan
83E10N polypropylene resin supplied by DSM Engineering Plastics of Geleen, The Netherlands. This resin has ap-
proximately 0.4 weight % talc nucleating agent and approximately 11 wt % polyethylene. This resin can be extruded
with a Maileffer 45 mm single screw extruder, a Nokia-Maileffer model 4/6 crosshead using a screen pack of 20/40/80
mesh, and a screw having double flights in its feed section, double barriers in its metering section, a length to diameter
ratio of 20 to 1 and a compression ratio up to 2 to 1. The buffer tubes of the present invention may be made by extrusion
with the above described apparatus according to the processing and tooling parameters set forth in Table 1.

TABLE 1
Line Speed 30.1 meters/min
Die/Trough Distance 7.5" (19,0cm)
Melt Temp. 419°F (215°C)
Screw Speed 22.0 rpm
Gel Output 34.0 rpm
Gel Temp. 1.23°F (50,5°C)
1st Trough Temp. 48.2°F (9°C)
2nd Trough Temp. 64.0°F (17,8°C)

Tube Outside Diameter (OD)

0.120" (0,305 cm)

Tube Inside Diameter (ID)

0.081" (0,206 cm)

Tube Wall Thickness

0.020" (0,0508 cm)

Die ID

0.270" (0,686 cm)

Tip OD

0.180" (0,457 cm)
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TABLE 1 (continued)

Tip ID 0.140" (0,356 cm)

Gel Needle (OD x ID) 0.100" x 0.120" (0,254 cm x 0,305cm)
Hot Water Temp. Ice water

Cold Water Temp. Ice water

Resin Drying Temp. 130°F (54°C) for more than 4 hours
Extruder Temp. Profile 185/195/200/212/240/240°C

Of course, it will be appreciated by those skilled in the art that variations on the above mentioned starting materials,
tooling and processing parameters can be made without deviating from the scope of the present invention.

[0022] Generally, the compression resistance of buffer tubes made according the present invention can be deter-
mined using the procedures set forth in ASTM D695-90. A further discussion of compression resistance testing may
also be found in an article by P.E. Neveux and W.H. Hatton entitled "Designing Compression Resistance in Loose Tube
Cables" published in the International Wire and Cable Symposium Proceedings, 1987, pages 656 through 661).
[0023] FIG. 4 illustrates a comparison of the compression resistance of four inch samples of several buffer tubes of
varying weight percent of the filler material talc, made according to the present invention. The samples shown in Fig.
4 were tested with an Instron series IX Automated Materials Testing System. Cross head speeds of approximately 0.05
inches per minute (0,127cm/min) were used to test the buffer tubes, however, cross head speeds between the ranges
of 0.01 to 1 inch per minute (0,0254 to 2,54 cm/min) can be used to test the compression resistance of a tube sample.
As will be appreciated by those skilled in the art after reviewing Fig. 4, the compression resistance of polypropylene-
polyethylene copolymer buffer tubes can be increased by up to 320 psi (2,21 MPa) (i.e., from 1030 to 1350 psi or 7,10
to 9,31 MPa) by following the method of the present invention.

[0024] FIG. 5 is a graphic illustration of tube extension resistance test results. Tube extension resistance test is a
comparison of tube stretch (in percentage) to load applied (in kilograms). FIG. 5 shows the results for several buffer
tubes having varying weight percentages of filler materials made according to the present invention. The test was
conducted by applying a tensile load of 1 to 5 kilograms to a tube of 1 to 10 feet in length for a period of 1 to 60 minutes.
As apparent from FIG. 5, polypropylene-polyethylene buffer tubes containing as little as 2.5 weight percent talc as a
filler material were more resistant to stretching than a polypropylene-polyethylene buffer tube with no filler material at
all. It has been found that tube extension resistance can be improved by up to 100% by the incorporation of filler
materials according to the method of the present invention.

[0025] One advantage provided by the present invention is that residual buffer tube shrinkage of a polypropylene-
polyethylene copolymer buffer tube can be reduced and, accordingly, excess fiber length can be reduced. Excess fiber
length is defined as the ratio difference between a unit buffer tube length and a unit optical fiber length residing within
the unit buffer tube length. High excess fiber length can lead to fiber microbending problems that cause excessive
attenuation.

[0026] According to the present invention, the nucleating agent added to the copolymer prior to extrusion may be
an inorganic or organic material such as sodium or potassium benzoate, talc, polycarboxylic acids or certain pigments.
Also, the present invention contemplates that some polymers, such as polyethylene, or some copolymers, such as
ethylene/acrylic ester, can be used as nucleating agents.

[0027] Also, the nucleated polypropylene-polyethylene copolymer material can be mixed with filler material, such as
talc, mica, glass fiber or metal oxides, to further enhance its strength and shrinkage properties. It is contemplated by
the present invention that such filler materials may be added in the range of 0.05 to 20 weight percent, which has been
found to be an acceptable range which balances the strength properties obtained by such filler materials with the
increased difficulty in processibility caused by the filler materials.

[0028] Thus,itcan be seenfrom the foregoing specification and attached drawings that the presentinvention provides
an effective buffer tube for housing optical fiber transmission media and an effective method for making the same. The
buffer tube and method of making it emphasize the positive features and minimize the negative features of the prior
art. As compared to the prior art, the buffer tubes made according to the present invention provide a less expensive,
easier to process, rugged housing for optical fibers.

Claims

1. Abuffer tube (12) for use in an optical fiber cable (10), consisting of a layer [deletion(s)] made from polypropylene-
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polyethylene copolymer resin having a nucleating agent disbursed therein, said layer not having been extruded
together with any other layer of different material in full contact therewith.

2. A buffer tube (12) according to claim 1, wherein the nucleating agent disbursed in the copolymer resin is an inor-
ganic material selected from a group of inorganic materials consisting of talc, mica, silica, carbon black and kaolin.

3. A buffer tube (12) according to claim 1, wherein the nucleating agent disbursed in the copolymer resin is a salt of
an aliphatic monobasic, dibasic or arylalkyl acid selected from the group consisting of sodium succinate, sodium
glutarate, sodium caproate, sodium 4-methylvalerate, aluminum phenylacetate and sodium cinnamate.

4. A buffer tube (12) according to claim 1, wherein the nucleating agent disbursed in the copolymer resin is an alkali
metal or aluminum salt of aromatic or alicyclic carboxylic acids selected from the group consisting of aluminum
benzoate, sodium or potassium benzoate, sodium B-naphthoate, lithium benzoate, and aluminum tert.-butylben-
zoate.

5. A buffer tube (12) according to anyone of claims 1 to 4 wherein the resin contains approximately 0.1 to 1 weight
percent nucleating agent.

6. A buffer tube (12) according to anyone of claims 1 to 5, wherein the resin contains up to 0.5 weight percent nu-
cleating agent.

7. A buffer tube (12) according to anyone of claims 1 to 6 wherein the copolymer resin contains approximately 2 to
30 weight percent polyethylene.

8. An optical fiber cable (10) comprising:
a buffer tube (12) according to anyone of claims 1 to 7; and
at least one optical fiber transmission medium (14) positioned in the buffer tube (12).
9. A method for making a buffer tube (12) according to anyone of claims 1 to 7, the method comprising the steps of:

mixing a nucleating agent with a polypropylene-polyethylene copolymer resin to form a nucleated polypropyl-
ene-polyethylene copolymer resin;

extruding the nucleated polymeric resin so as to form a polypropylene-polyethylene copolymer layer having
a nucleating agent disbursed therein.

Revendications

1. Tube tampon (12), a utiliser dans un cable a fibres optiques, se composant d'une couche fabriquée a partir d'un
copolymére de polypropyléne-polyéthyléne ayant un agent de nucléation dispersé dans celui-ci, ladite couche
n'ayant pas été extrudée en méme temps que tout autre couche d'un matériau différent en contact complet avec
celle-ci.

2. Tubetampon (12) selon larevendication 1, dans lequel I'agent de nucléation dispersé dans la résine de copolymére
est un matériau inorganique sélectionné a partir d'un groupe de matériaux inorganiques se composant de talc,
mica, silice, noir de carbone et kaolin.

3. Tubetampon (12) selon la revendication 1, dans lequel I'agent de nucléation dispersé dans la résine de copolymére
est un sel d'un acide monobasique, dibasique, aliphatique ou arylalkyl sélectionné a partir du groupe se composant
de succinate de sodium, glutarate de sodium, coproate de sodium, méthylvalérate-4 de sodium, phénylacétate
d'aluminium et cinnamate de sodium.

4. Tubetampon (12) selon larevendication 1, dans lequel I'agent de nucléation dispersé dans la résine de copolymeére
est un sel alcalin de métal ou d'aluminium d'acides carboxyliques aromatiques ou alicycliques sélectionné a partir
du groupe se composant de benzoate d'aluminium, de benzoate de sodium ou de potassium, de naphthoate-} de
sodium, de benzoate de lithium, et de butylbenzoate-tert d'aluminium.
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Tube tampon (12) selon I'une quelconque des revendications 1 a 4, dans lequel la résine contient approximative-
ment 0,1 a 1% en poids d'agent de nucléation.

Tube tampon (12) selon l'une quelconque des revendications 1 a 5, dans lequel la résine contient jusqu'a 0,5%
en poids d'agent de nucléation.

Tube tampon (12) selon I'une quelconque des revendications 1 a 6, dans lequel la résine copolymére contient
approximativement 2 a 30% en poids de polyéthyléne.

Cable a fibres optiques (10) comprenant :

un tube tampon (12) selon I'un quelconque des revendications 1 a 7 ; et
au moins un support de transmission de fibre optique (14) positionné dans le tube tampon (12).

Procédé pour fabriquer un tube tampon (12) selon I'une quelconque des revendications 1 a 7, le procédé com-
prenant les étapes de :

mélange d'un agent de nucléation avec une résine de copolymeére de polypropylene-polyéthyléne pour former
une résine de copolymeére de polypropyléne-polyéthyléne nucléée ;

extrusion de la résine de polymére nucléée afin de former une couche de copolymeére de polypropyléne-
polyéthyléne ayant un agent de nucléation dispersé dans celle-ci.

Patentanspriiche

1.

Schutzrohr (12) zur Verwendung in einem faseroptischen Kabel (10), das aus einer Lage besteht, die aus Poly-
propylen-Polyethylen Kopolymer mit einem darin verteilten Keimbildner gefertigt ist, wobei die genannte Lage nicht
zusammen mit einer damit in vollem Kontakt befindlichen anderen Lage extrudiert worden ist.

Schutzrohr (12) nach Anspruch 1, bei welchem der im Kopolymerharz verteilte Keimbildner ein anorganisches
Material ist, das aus einer Gruppe anorganischer Materialien gewahlt ist, die aus Talk, Glimmer, Silika, Ruf® und
Kaolin besteht.

Schutzrohr (12) nach Anspruch 1, bei welchem der im Kopolymerharz verteilte Keimbildner ein Salz einer alipha-
tischen einwertigen, zweiwertigen oder Arylalkyl-Saure ist, das aus der Gruppe gewahlt ist, die aus Natriumsuc-
cinat, Natriumglutarat, Natriumcaproat, Natrium-4-methylvalerat, Aluminiumphenylacetat und Natriumcinnamat
besteht.

Schutzrohr (12) nach Anspruch 1, bei welchem der im Kopolymerharz verteilte Keimbildner ein Alkalimetall oder
Aluminiumsalz aromatischer oder alicyclischer Carboxylsauren ist, das aus der Gruppe gewabhlt ist, die aus Alu-
miniumbenzoat, Natrium- oder Kaliumbenzoat, Natrium-a-naphtoat, Lithiumbenzoat und Aluminium-tert.-butylben-

zoat besteht

Schutzrohr (12) nach einem der Anspriiche 1 bis 4, bei welchem das Harz ungeféhr 0,1 bis 1 Gew.-% Keimbildner
enthalt.

Schutzrohr (12) nach einem der Anspriiche 1 bis 5, bei welchem das Harz bis zu 0,5 Gew.-% Keimbildner enthalt.

Schutzrohr (12) nach einem der Anspriiche 1 bis 6, bei welchem das Kopolymerharz ungefahr 2 bis 30 Gew.-%
Polyethylen enthalt.

Optische Faser (10), welche umfasst:
ein Schutzrohr (12)nach einem der Anspriiche 1 bis 7; und wenigstens ein im Schutzrohr (12) positioniertes fa-
seroptisches Ubertragungsmedium (14).

Verfahren zur Herstellung eines Schutzrohrs (12) nach einem der Anspriiche 1 bis 7, welches die Schritte umfasst:

Mischen eines Keimbildners mit einem Polypropylen-Polyethylen Kopolymerharz um ein nukleirtes
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Polypropylen-Polyethylen Kopolymerharz zu bilden; Extrudieren des nukleirten Polymerharzes um eine
Polypropylen-Polyethylen Kopolymerlage mit einem darin verteilten Keimbildner zu bilden.
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