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[57] ABSTRACT

In-service PIC telephone cable that has become water-
logged in places is reclaimed dielectrically by pumping
in an aromatic solvent oil containing cross-linking
agents that will gel the oil in a predetermined period
preferably of the order 24 hours. A nongelling prepur-
gent miscible with both water and aromatic solvent oil
may be pumped in before the gelling compound is in-
troduced, to more completely purge the water.

3 Claims, No Drawings
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METHOD AND MATERIAL FOR RECLAIMING
WATERLOGGED TELEPHONE CABLE AND THE
LIKE

FIELD OF THE INVENTION

This invention relates broadly to the purging of water
from in-service conduitlike structures; and more partic-
ularly concerns reclaiming the dielectric properties of
water-logged plastic insulated multipair telephone ca-
ble.

BACKGROUND OF THE INVENTION

Air core plastic insulated conductor (PIC) telephone
cable occasionally becomes water-logged in service.
The water creates leakage paths to wires with defective
insulation. The signaling and transmission characteris-
tics of telephone pairs with such lowered insulation re-
sistance and high relative permittivity are severely de-
graded. Restoring insulation resistance to standards,
particularly for buried plastic insulated cable, has been
costly, temporary, and oftentimes not possible with
present reclamation procedures.

One current method of removing water from plastic
cables is to use acetone. This procedure removes the
water but does not prevent its reentry. Accordingly, a
principal object of this invention is to remove water al-
ready present in a multipair plastic insulated telephone
cable, and prevent its reentry through existing cable
sheath faults or such faults that may develop in the fu-
ture by filling the cable interstices.

In realizing an effective cable purging and filling
compound, however, many further requirements must
be met.

For example, the compound must be compatible with
the wire insulation, with the cable jacket, with the
shield which is typically aluminum, and with other ma-
terials present in buried closures.

The compound must maintain the separation of the
conductors and the integrity of the sheath including,
the polyethylene jacket and aluminum shield.

The compound must not corrode the aluminum or
copper conductors when contact is made with them
through the pinholes normally found in their plastic in-
sulation.

Further, the compound must have high insulation re-
sistance and volume resistivity, low dielectric constant,
and exhibit low dielectric losses, so as to restore the in-
sulation resistance, capacitance and dielectric losses of
the cable to acceptable values.

To prevent reentry of water into the cable, the com-
pound must be hydrophobic and fairly permanent.

Importantly, the compound must have an initial low
viscosity to permit pumping through substantial lengths
of cable preferably during a normal workday.

Important further properties are long shelf life, low
price, and safety in handling.

Accordingly the principal object of the invention is
to permanently rid telephone cables of water that has
seeped in and restore dielectric properties to accept-
able levels.

A further inventive object is to prevent the reentry of
water in a PIC telephone cable with the very compound
used to purge.

A further inventive object is to devise a water purging
compound for telephone PIC cable with acceptably low
initial viscosities, but which cures to a soft tacky com-
pound that wets the wire insulation.
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A still further inventive object is to purge water in
telephone plastic cables with a single pumping over as
long a cable stretch as possible.

SUMMARY OF THE INVENTION

In its broadest aspect, this invention contemplates
the use of a hydrophobic insulating material that dis-
places the water in a waterlogged cable as the material
is pumped in, and once in place, cures to a high viscos-
ity that precludes its escaping through lightning pin-
holes or other sheath defects, while at the same time
precluding the reentry of water.

In general, several classes of insulating materials that
are initially of sufficiently low viscosity to permit
pumping into a telephone cable, and which retain the
low viscosity for a long enough time to permit extended
pumping, are contemplated within the inventive scope.
These are: thixotropic compounds; gelling compounds;
cross-linking compounds and combination thereof.

A particular embodiment of the invention is a cross-
linking material which is basically a solution of a room
temperature curing liquid urethane elastomer in a low
viscosity oil. The material is pumped into the cable at
a very low viscosity and purges the water. Then, after
a period dependent on the amount of catalyst used the
urethane cross-links, forming a three-dimensional net-
work which gels the oil. The result is a filled cable
purged of water and henceforth waterproofed.

In a specific inventive embodiment a viable method
has been found for obtaining a sufficiently low viscosity
reactive material that achieves all of the inventive ob-
Jects including the pumpability of the compound and its
later setting up into a soft tacky material. A more spe-
cific illustration is a solution of a hydroxyl terminated
polybutadiene and a castor oil based isocyanate pre-
polymer in a low viscosity aromatic oil.

Pursuant to a further aspect of the invention, it has
been realized that a “prepurgant” that is highly misci-
ble with both water and with the main’ purgant serves
to remove an even greater percentage of water than
does use of the main gelling purgant alone. For exam-
ple, prepurging with liquid polypropylene glycol which
is completely miscible in water and wets polyethylene
removes the water; and purging the polypropylene gly-
col in turn with the last-stated solution routinely re-
stores a very high percentage of bad pairs to acceptable
values of insulation resistance.

Pursuant to the invention, initial viscosity of the solu-
tion to be introduced in the cable is critical to purging
and thereafter filling long cable lengths. '

An empirical equation for the viscosity of a solution
of two liquids, as for example, an oil and a liquid poly-
mer, is given by:

log me = (1—A4,) log mo + 4, log 7,
)

where 7, is the viscosity of the composite solution; %
and 7, are the viscosities of the oil and the liquid poly-
mer respectively; 4, is the percentage of polymer in the
solution.

From the above equation, it is evident that the viscos-
ity of the solvent and the polymer must be minimized;
but moreover, the percentage of polymer in the compo-
sition must also be minimized.

Additionally, the polymer must be chosen for its hy-
drophobic and low viscosity properties and for its abil-
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ity to cure within temperature ranges encountered in
practice.

The invention, its further object, features, and advan-
tages will be illustrated in the text and examples to fol-
low which describe illustrative embodiments thereof.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

A particular and presently preferred class of material
pursuant to the present invention is a solvent oil gelled
by a cross-linked urethane network formed by reacting,
on an essentially 1:1 basis, a material having an un-
blocked (i.e., available) hydroxyl functionality with a
material having an unblocked isocyanate functionality.
The invention more specifically contemplates systems
within this preferred class which have an initial viscos-
ity less than 100 CPS at all temperatures between 35°
F. and 90° F. Still more specifically, systems as above
are preferred which exhibit when fully gelled a dielec-
tric constant of not more than 3.0, and preferably not
more than 2.5.

A specific application of the present invention is a
multipair sheathed plastic-insulated conductor tele-
phone cable filled by a solvent gelled by a cross-linked
urethane polymer composition containing 5 to 20
weight percent polymer. The cross-linked urethane
polymer is formed from a polyol and an isocyanate pre-
polymer wherein the polyol is of the polyether, polyes-
ter, castor oil or polybutadiene type.

Example 1

The cable water purgant of this example will be de-
scribed in terms of Part I and Part II because the com-
ponents are advantageously stored in two such parts
until just prior to introduction into the cable where
they are mixed preferably in equal proportions of Part
I and Part II. All ingredients could as well be combined
at such time, however.

Part I consists of a castor oil based isocyanate pre-
polymer in an aromatic solvent oil, in the amounts 50
grams of isocyanate prepolymer per liter of solution.
The prepolymer is formed from toluene diisocyanate
and castor oil, and has a hydroxyl functionality of 2.8
and an equivalent weight of approximately 288. Castor
oil for present purposes is defined as a mixture of about
70 percent pure glyceryl triricinoleate and 30 percent
glyceryl diricinoleate-monooleate or monolinoleate. It
is seen that from the standpoint of isocyanate utiliza-
tion the castor oil is approximately 70 percent tri- and
30 percent difunctional. The triol structure of castor oil
produces cross-linking. The aromatic solvent oil is de-
fined as an oil containing a major proportion of aro-
matic molecules, that is, molecules having at least one
aromatic ring.

Part II consists of 100 gm/litter of solution (in aro-
matic solvent oil) of hydroxyl terminated polybutadi-
ene having a hydroxyl functionality between 2.2 and
2.4 and a hydroxyl content between 0.75 and 0.90
equivalents per kilogram and 4 gm/liter dibutyl tin di-
laurate catalyst.

Example 2

The water purgant of Example 2 is the same as that
described in Example 1, except that the castor oil based
isocyanate prepolymer is of the diphenylmethane diiso-
cyanate type.

Example 3

The purgant of this example is the same as that of Ex-

ample 1, except that the isocyanate prepolymer is one
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based on hydroxyl-terminated polybutadiene and tolu-
ene diisocyanate.
Example 4 .

The purgant of this example is the same as that of Ex-
ample 1, except that the isocyanate prepolymeér is one
based on hydroxyl-terminated polybutadiene and di-
phenylmethane diisocyanate.

In Example 1, the grams per liter of castor oil based
isocyanate prepolymer may be varied within a range of
about 25 to 150. Aromatic solvent oil is selected in
order to dissolve the polybutadiene and the castor oil
prepolymer. The aromatic oil preferably consists of
greater than 90 percent by weight of aromatic mole-
cules as above defined, and as measured in accordance
with ASTM D-2007.

The mixture consisting of Parts I AND II as defined
in the three above examples must exhibit and initial vis-
cosity below 100 centipoise at all temperatures be-
tween 35° F. and 90° F. More specifically, the men-
tioned concentrations may be varied but not beyond
that which would exceed the initial viscosity of 100
centipoise.

The concentrations of the mentioned ingredients of
Part I may be reduced by about 20 percent, and the ar-
omatic solvent oil will still be gelled.

A prepurgant selected pursuant to a further aspect of
the invention has been found to be highly advanta-
geous. In general, the prepurgant must be miscible with
water and with the reclamation compound. It must also
wet polyethylene. In Example 1 above, the reclamation
compound is aromatic solvent oil; and as a prepurgant
for this—applicants use, for example, polypropylene
glycol of molecular weight in the range 425-150.

Liquid polyethylene glycol may also be used as a pre-
purgant. Ketones such as methyl ethyl ketone may be
used with necessary safety precautions.

In the foregoing examples, the aromatic oil used is
available for example from Kenrigh PetroChemicals
under the name Kenplast G.

Its main properties are:

Specific gravity 1.02
Viscosity at 25° C, 11 cps
Pour Point °F. —40
Mixed analine pt °F. 60
Flash point °F. 290
Hydrocarbon analysis, wt %: (Clay-Gel Analysis)
Polar resins 4
Aromatics 95
Saturates 1

The polyol used is a hydroxyl terminated liquid poly-
butadiene obtainable for example under the trade
name Poly-bd from the ARCo Chemical Company. Its
properties are:

Polybutadiene isomer content

Trans 1, 4 60%

Cis 1,4 20%

Vinyl 1, 2 20%
Viscosity at 75° F. 80 poise
Moisture wt % 0.05
lodine Number 398

Hydroxyl Content 0.85 equivalents/kgm

The isocyanate used is obtainable under the name
Vorite 128 from Baker Castor Oil Company. It is a cas-
tor oil based prepolymer. It was chosen because of its
low vapor pressure (thus low toxicity by inhalation),
and its solubility in aromatic oil. Some of its properties
are listed below.

Functionality 2.8
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Equivalent wt 388
Specific gravity 1.007
Pour point 35°F.
Viscosity at 25° C. 215 poise
% NCO 10.8

Further examples of materials which have the requi- 5

site hydroxyl functionality include: natural rubber into
which hydroxyl functionalities have been introduced;
ethylene-propylene-rubber copolymers or terpolymers
into which hydroxyl functionalities have been intro-
duced; and styrene-butadiene rubber (SBR) modified
to contain hydroxyl functionalities.

In the foregoing examples, it was surprising that the
gelling compound was found to gel even with water
mixed in it despite the very small amount of urethane
links. The significance of this observation is elucidated
in the summary below.

In the development of cable reclamation material
which resulted in the present invention, the reconcili-
ation of several conflicting requirements was neces-
sary: (1) the material must be pumpable into the cable
(2) once in place in the cable, it'must gel in a reaction
that takes place even in the presence of residual water
(3) the gel must be physically and chemically stable,
L.e., it must not separate or bleed solvent and the gel
structure must be stable to hydrolysis.

Requirement (1) can be fulfilled by using a low vis-
cosity solvent or diluent, by minimizing the amount of
gelling agent in the solution, and by also minimizing the
viscosity of the gelling agent.

Requirement (2) must be considered in two parts.
The minimum amount of gelling agent needed to gel
the oil was not known a priori to be small enough to
concurrently allow fulfillment of requirement (1). The
additional requirement that the compound gel in the
presence of water (which interferes with the urethane
reaction) required the use of additional gelling agent
over the minimal amount that would gel a dry (water
free) oil. The compound will gel even with water mixed
in it, and will encapsulate the water.

Requirement (3) also is in conflict with requirement
(1). Since the material must not shrink due to volatil-
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ization of the solvent, a very low viscosity solvent (such
as toluene) cannot be used. Safety considerations also
require a material with low vapor pressure. An oil pur-
suant to the invention was used to obtain both volatility
and viscosity characteristics.

The spirit of the invention is embraced in the scope
of the claims to follow.

What is claimed is:

1. In combination: an installed. multipair sheathed
plastic insulated conductor telephone cable with previ-
ously waterlogged interior voids filled by an initially lig-
uid filler comprising a solvent oil gelled by in situ cata-
lytic reaction of a hydroxyl terminated polybutadiene
and a polyisocyanate prepolymer, the average func-
tionality of the polyisocyanate prepolymer and the
hydroxyl-terminated polybutadiene being sufficient to
form a cross-linked urethane network that gells said oil,
the solvent oil being the major fraction by weight of the
filler, the properties of all said filler constituents being
such that the viscosity of said filler when initially liquid
is less than 100 cps at all temperatures between 35° F.
and 90° F., and further being such that the filler when
fully gelled has a dielectric constant of not more than
3.0.

2. The combination pursuant to claim 1 wherein said
solvent oil is an aromatic solvent oil containing a major
proportion of aromatic molecules; and wherein said
polyisocyanate prepolymer is present in amounts of
from 25 to 150 grams per liter and said hydroxyl-
terminated polybutadiene is present in amounts of from
80 to 120 grams per liter of said initially liquid filler.

3. The combination pursuant to claim 2, wherein said
isocyanate prepolymer is formed from toluene diisocy-
anate and castor oil and has a hydroxyl functionality of
substantially 2.8 and an equivalent weight of approxi-
mately 288; and wherein said hydroxyl-terminated
polybutadiene has a hydroxyl functionality between 2.2
and 2.4 and a hydroxyl content between 0.75 and 0.90

equivalents per kilogram.
* * * % %



