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FILLED TELECOMMUNICATIONS CABLE HAVING
TEMPERATURE BTABLE MUTUAL CRPACITANCE

This invention is for a cable filled with a

gel
chemical composition that,

when exposed to ‘changes in

ambient temperature, substantially maintains its nominal
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mutual capacitance. The composition is a water absorbent
thixotropic gel (ATG) that is actlvated by moisture to
absorb water and yet can be used to protect components from
water -damage.

The compbsition is incorporated into the cable, either
between conductors in a bundle and/or between the bundles
of conductors contained in, for instance, a
telecommunications cable. Regardless of the use of the
cable, not only does the composition prevent the entry of
water, but the composition also eliminates electrical
shorts caused by water contact with the conductors in
cables, such as telephone cables, which carry a small:
direct current, thereby attenuating the short and restoring
full current flow through the conductors.

Description of the Prior Art

Communications cables such as telephone lines are made
up of a multitude of pairs of conducting wires, typically

copper wire, which are insulated from each other with a

"thin layer of a thermoplastic resin and bundled by an

insulating material. Bundles of insulated pairs of
conducting wires are then wrapped with a sheath of plastic,
paper wrapping or other material, into a cable. A filler
such as a petroleum gel is added to many.cables inside the
cable cover to fill the interstitial spaces and retard
water migration therein.

In recognition of the essential nature of the ability
of telecommunications cable to be able to withstand
exposure to water, the industry has promulgated certain
performance standards which the cable must achieve. In
particular, one standard requires that a three foot long
section of cable not pass water when maintained under a
column of water three feet high (e.g., a "three foot water
head"). The industry is currently considering a change in
that standard to require that a section of cable eight feet
long not pass water when subjected to twelve feet of water

head for twenty four hours.
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This invention is for a cable filled with a gel chem ca

conposition that, when exposed to changes in anbi ent tenperature,
substantikally maintains its nomnal - 3 -
-2.

PATENT

As noted above, the prior art discloses protection of
telecommunications cable against water invasion by filling
the spaces between the wrapped bundles of conducting wires
inside the cable (referred to as the filling zone) with

5 compounds such as polyethylene-petroleum jelly (PEPJ) aud
oil-extended thermoplastic rubbers (ETPR), the latter being
widely used by AT&T and the Bell regional operating
companies in the United States and sold under the trademark
FLEX-GEL. Certain patents also describe telecommunications

10 cables including water swellable polymers such as polyvinyl
alcohol, polyacrylamides, or cellulose derivatives, which
.are applied to bundle wrappings or contained in 'moisture
barriers" which are spaced internally along the length of
the cable. Such cables are, however, characterized by a
15 number of limitations and disadvantages. 1In the case of
those which include a polymer which swells in the presence
of water, the polymer is typically provided in a granular
or powder form. As such, distribution of the polymer
throughout the cable is problematical. If not distributed
20 evenly throughout the cable, effective water absorbance is

not assured. Further, when insufficient quantities of
polymer are present, the ability of the swollen polymer to
block water migration becomes problematical. Another

problem is that many water-absorbent polymers, especially

25 in the case of cellulose derivatives and other naturally-
occurring polymers, are susceptible to bacterial attack,
resulting in production of acids and other by-products
which can damage or degrade the components of the cable.
Perhaps more importantly, on contact with water,

30 powders alter the electrical characteristics of the cable.
Using smaller quantities of the powder in the cable so as

to decrease that effect compromises the water blockage
capabilities of the powder. Further, certain swelling
agents such as polyvinyl alcohols and polyacrylamides do

35 not swell quickly enough in cold water to effect proper
water blockage when the bundle is only partially filled,

—
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PATENT mut ual capaci tance. The conposition is a water absorbent

thixotropic gel (ATG that is activated by noisture to absorb water
and yet can be used to protect components f& om wat er danmage. 5

The conposition is incorporated into the cable, either bet ween
conductors in a bundl e and/or between the bundl es of conductors

cont ai ned in, for I nstance, a t el ecommuni cati ons cabl e.
Regar dl ess of the use of the cable, not only does the conpogk$é

prevent the entry of 10 water, but the conposition also elimnates

el ectrical R SeERUIBRE Do VIRIRN QUGS NeLIP SRIAUAANS | 1

cabl es, such as tel ephone cab carr I rect_current,

t her eby attenuaPFﬂ@lW*ﬁ%%ﬂﬁ%w?xaﬁas+%ﬁnQﬂq ﬁ@“ges ?{ﬂql%ﬂirﬁéﬁp FIEW 11 ough
t he conduct or s. id 5Sthdessriipteidonpate th@nProotagyad by water. Communi cati ons

cables such as t6|egﬁﬁﬂ§ fiff%h&”ﬂ%m%@gﬁds are also characterized by a
5 number of disadvantag.s and/.r limitations. For instance,
ETPRs must be heated to achieve a liquid state for handling
and filling of the cable, increasing cost and creating
logistical problems during storage and transport of the
material. Cable is filled at about 230°F and under
10 pressure such that the filling operation is relatively
dangerous and thermal contraction after filling results in
the formation of voids which can serve as paths for water
migration. Further, only recently have ETPRs Dbeen
) avajilable which can be used in aerial cables; the
i5 temperaﬁures in the <cable resulting from ambient
temperature and exposure to sunlight caused previous ETPRs
to liguify and drip out of the cable. ' Recently issued U.S.
Patent No. 4,870,117 is directed to a filling compound
which is stated to waintain its gel state at temperatures
- 20 up to 80° C (e.g., the temperature to which aerial cables
may be subjected), but reports from the field indicate that
such cables may not be performing as expected. Further, so
far as is known, cable including this material cannot meet
the proposed 12 feetf24 hour industry standard for

25 resistance to water penetration.

_ Another problem with the use of ETPRs which has
recently come to light is the cracking of the foam-skin
polyethylene used to insulate the wires of the ETPR-filled
cable. See, for instance, T.N. Bowmer, "Cracking of Foam-

30 Skin Polyethylene Insulation in Pedestals," Proceed. 37th
Int. Wire & Cable Symp. 475 (1988). The response of the
industry to this problem was to increase anti-oxidation
stabilizer content to obtain improved foam—-skin 1life
expectancy. That approach, however, does not address the

35 fundamental issue of the compatibility (or incompatibiliity;

of the resin, stabilizer({s) and/or filling compounds,
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up of a nultitude of pairs of conducting wres, typically copper wre,

which are insulated fromeach other with a thin | ayer of a
thePnDpIastlc resin and bundled by an 20 5insulating material. - Bundl es
of insulated pairs of conducting wires are then wapped with a
sheath of plastic, paper w apping or other material, into a cable. A
filler such as a petroleumgel is added to nmany cabl es inside the
cable cover to fill the interstitial spaces and retard 25 matﬁé gigration
t herei n. In recognition of the essential nature of t i lity

of tel econmuni cati gas 6able gohe A (QeMbINIANseq EXPOSUTE;LY wal er,

the i ndustry has pronu gated cCertain rmance standards whith the
cabl e nust acHfepeundsy n 130 pagkr PREAVSR, 2d k§?§ﬂd§PHSFé&HF?§sSP55?ra three

foot |ong £ rsoeC tdnen oof reall alascnvaaﬂfas;e\satmﬁcmhemmﬂml nhaiinedtindey a
col um of wat er, hhrge, eﬁ&tr eQ.s’ "zte@!e%‘\’: f&%t Y‘@LSE expenBggd”) - The
I ndustry is current co cha fandard to reqgi ure

that a sec®i orpidferea FéeelghtHQ%ﬁﬂ?r 35pe Eﬁ&ﬁ%ﬂn %§é§s ﬂéﬁergﬁﬁéﬁaéhbjected
to twel ve feetciafravlbelized by ey bor theesiye fdiadvautsiges of ETPRs.

In short, in spite of a continuing and lorig-felt need,
and in spite of the many attempts which have been made to
solve these problems, there is still a need for a water

10 resistant cable, and further, for a filled cable having
stable capacitance relative to temperature change and which
is less susceptible to the effects of long term aging. The
ideal cable would maintain constant electrical parameters
regardless of the ambient conditions such as temperature or

15 the presence or absence of moisture and as the cable ages.

SUMMARY OF THE INVENTION

This need is met by providing a telecommunications

cable having a relatively temperature stable mutual
capacitance wherein the space between the wires of the

20 cable are filled with a filling cbmpound comprising a gel
matrix having a water absorbent polymer dispersed therein
and thickened by a thixotropic agent to form a gel having
a dielectric constant which increases as the temperature to
which the cable is exposed increases.

25 Also provided is a method of making a
telecommunications cable having polyethylene-insulated
wires therein comprising the steps of (a) injecting a
filling compound comprised of a gel matrix, a water
absorbing polymer, and a thixotropic agent into a die; (b)

30 drawing a polyethylene insulated wire through the filling
compound in the die to coat the wire with the filling
compound at room temperature; and (c) wrapping the coated
wire of step (b), together with an additional wire coated
with the filling compound in the manner set out in steps

35 {(a) and (b), into a telecommunications cable.
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PATENT As noted abodve, the prior art discloses protection of

t el ecommuni cati ons cabl e agai nst water i nvaS| on by filling t he spaces
bet yéen the wapped bundl es of conducting®wrres i nside the cable
(referred to as the filling zone) with 5 conpounds such as

pol yet hyl ene-petroleumjelly (PEPJ) and oi | -extended t hernopl astic

rubbers (ETPR), the latter being w dely used by AT&T and the_Bell
regi onal operating PATENT

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are graphs representing the

capacitance of the ATG composition (Fig. 1) and a cable
including the ATG composition of the present inVvention
5 (Fig. 2) as a function of time and temperature,
respectively.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The telecommunications cable of the present invention

includes a water absorbent thixotropic gel composition

10 which provides an initial barrier to the entry of water
into the area of the cable in which the composition is
located. If water does enter the space, the water
absorbent polymer in the gel is activated and the water is
absorbed. In tests, water was placed adjacent to the gel

15 éomposition. The fine powder-like polymer in the
dielectric gél matrix is seen traveling to the water within
the gel matrix. This effect appears to be the result of
the water absorbent polymer seeking out the water. Once
the water contacts the dielectric gel, a highly viscous

20 semi-solid material is formed by migration of the polymer
from out of the gel that, depending on the distance from
the dielectric gel composition, is incapable of fluid
movement and which restricts movement of the water to
extremely slow, diffusion-controlled movement.

25 The water absorbent polymers, having pendent anionic
groups, when exposed to a wire that is in short caused by
the presence of water, causes an attraction of the anionic
groups of the polymer to the wire, the wires acting, in
effect, as an anode. This apparent attraction of the

30 polymer to the exposed wire brings the polymer into
electrochemical association with the wire, and the
accumulated polymer that develops around the exposed wire
excludes water from the surface of the wire. As that layer
builds up around the wire, the short is attenuated and full

35 flow of current through the wire is re-established with the

result that the short is eliminated or "healed". Depending
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conpanies in the United States and sold under the trademark FLEX- GEL.
Certain patents al so descri be tel econmuni cations 10 cables including water
swelil’abl @” pol ymers such as pol yvi nyl ~afcohol , pol yacryl am des, or

cel l ul ose derivatives, which are applied to bundl e w appi ngs or
contained in "noisture barriers"” which are spaced internally along the
| engt h of t he cabl e. Such cabl es are, however, characterized by a 15
nunber of limtations and di sadvant ages. In the case of t hosepamteingh

i nclude a polynmer which swells in the presence of water, the polymer is
typically provi dedoinntaegcampbaents obrtipovar andothe sizdg ofudie flaw in

di stribution of thenhRoli\WdBhationt NEREIREHTiddiepEadds® icenpiakkerat ispake al f
not distributed 20 ,evenly thrm#/nhout Fhe ca ke, ecf)ftective 3yva{;oeur abs tbance
is not assurefi™ B CRETAAhEINFRR PR | 67 eRAP YUt i o OHS: 2tter

pol ymer are presenwhithecabrént yiofre-eetshblisad gorgner tthe wire.p| ock

water mgration becomge Be@bligMBtLhGakne cahDOt BEr the préd&aY eMdehdikat
many wat er - absor bent Qol ners, especi al iy as I.n the_ca[ée o& cel | ul ose
derivatives and ot hBF ﬁggﬂ?a?jr?/xs severgl -1?+¥hd hBF YT S "IaFBe sthTE it Bre
to bacterial attackonductoresudfii ag tielephodeactdabdeoffrapi d® i@tdret hiamage.
by- product s . WhijeQecancdanege 0 dRAAYe hBes EHMORAB! §e Of coMiSoLatlon:
Perhaps nore mpgrétpgg_ntsl ytihe Or\].ola(\t(c)arzl‘t.a(:t Ad\glig:ri]ongﬂfe,r’ in the presence of
10 moisture, the water absorbent polymer of the dielectric gel
is activated to travel out of the gel matrix to form a gel
upon contact with the water. This traveling effect is
particularly useful when the confined space is in a cable
containing a multitude of wires in a bundle having very
15 swmall interstitial spaces therebetween. The polymer
travels into the interstitial spaces if moisture |is
present, thereby causing the water itself to participaté in
a plugging effect to prevent further invasion of water into
the cable. In the case of, for instance, communication
20 cables having small (pinhole-sized) flaws in the insulation
around a conductor, an additional benefit is that any
shorts which are present may be healed by the gel
composition, restoring current through the conductor.
The gel composition in the telecommunications cable of
25 the present invention plays another, equally important,
role in the cable. It has been shown that the oils in
PEPJs and ETPRs are absorbed into the polyolefin insulation
" of the paired conductors in the cable. This absorption
causes the insulation to swell, causing increased spacing
30 between c¢onductors and thereby decreasing the mutual
capacitance within the cable. In addition, it has been
shown that in polyolefin foam insulation, continued oil
absorption causes the air spaces within the foam (cells) to
become partially filled with the oil. As the cells fill
35 with oil, the effective dielectric constant of the foam is

increased, thereby increasing the mutual capacitance
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30 powders alter the electrical characteristics of the cable.
smal l er quantities of the powder in thq.%gble SO0 as to decrease
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tain swelling agents such as pol yvinyl al cohols and
pol yacryl am des do 35 not swell quickly enough in cold water to effect

wat er bl ockage when the bundle is only partially filled,
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between the paired conductors, which affects the impedance
of the cable. In addition, changes in the capacitance may
affect crosstalk characteristics of the cable. The term
'effective dielectric constant" refers to the composite
effects of the various dlelectric constants of the
materials between the conductors; for example, air has a
dielectric constant of one and polyethylene has a
dielectric constant of about 2.2 and foamed insulation is
made up of these two components and therefore has a
dielectric constant between that of the two components
depending upon the fatio of polyethylene to air. As the
air in the cells is displaced by absorbed o0il, displacing
air with material having a higher dielectric constant, the
effective dielectric constant is increased.

" The capacitance of the cable is also affected by
temperature. As temperature increases, the materials
within the cable underge thermal expansion, causing
increased spacing between conductors and resulting in a
decrease in capacitance. With known commercially available
insulations and £illing compounds, the dielectric constants
of the materials are essentially constant over the
operating temperature range of the cable. Therefore, in
currently commercially available cables, capacitance change
is a function of thermal expansion. Changes in capacitance
due to temperature changes occur immediately with
temperature change of the cable whereas capacitance changes
due to oil absorption and/or cell filling are gradual over
time (weeks to years), the rate depending upon the average
temperature to which the cable is exposed. Changes due to
absorption are irreversible whereas changes in capacitance
due to temperature changes are cyclical as ambient
temperature rises and falls.

The gel composition of the cable of the present
invention, however, mitigates the change in capacitance due
to the above phenomena. The o0ils used in formulating the

composition Eilling the cable of the present invention are

S Been R,



while filling the bundle conpletely with such agents is prohi bitively

expensi ve and causes problenms with swelli I n the confined space when
contacted by water. ETPR filling conpounds are al so characterized
by a 5 nunber of disadvantages and/or limtations. For instance,

ETPRs nmust be heated to achieve a liquid state for handling and filling
of the cable, increasing cost and creating | ogi stical problens during
storage and transport of the mat eri al . Cable is filled at about
230F and under 10 pressure such that the filling operation is rRATENVely
dangerous and thernmal contraction after filling results in t he

fornmati on of voi d®iMiRdReRaninsefhe FdigatheP¥or IfAt and thargfaf¢on.2re
Further, only reositdeyabbaviessEReBSleb&en are natabbabdtged Wi cthe caame be

used in aerial ﬁ%wtegs tw%ﬁé Isenmr%gggﬁce iPkpskNEnaCaPbRs. Not

resul ting from anbient enper at urean osure to sunlight caused
previ ous ETPRs ©nXodppgubhs %&f%f'??ﬁ JREnSR IR e 23126, LRebRALTSE i Ritfed
u. S Pat est Noighr876pladulsr dioidet eard 0 wseld | kbngfoptpatinddecreadd ch

o stated 1o M i kbe dfle ShakeeAlp(cCRRETAl Wrctnde1lBohBoB0 Lol S0

the tenperature to which aerla subjecte but reports
fromthe field irddic&@®lengf the BretPtapin¥enkign nptn ‘"tfer‘?ldr MHP &
expected. Furtheyel smd therefore do not depend exclusively on synthetic

microcrystalline wax and/or rubber to prevent oil
10 migration. Consequently, as the temperature to which the
cable is exposed increases, less oil is free to migrate
into the cells of the insulation. Because the thixotropic
property of the gel allows the cable to be filled at
ambient temperature {as compared to the increased
15 temperatures required for ETPR- and PEPJ-filled cables),
there is no initial heat soak to begin migration of oil
into insulation. The result of the reduced tendency of the
gel composition which fills the cable of the present
invention to migrate into the polyethylene insulation
20 prevents the gel composition from imparting additional
stress to the insulation as opposed to ETPR compounds.
Lower stress levels within the insulation results in
reduced cracking of the insulation over time. The
decreased mobility of the o0il component of the gel
25 composition also decreases the cell filling phenomena and
therefore mitigates capécitance change.

An additional benefit of the decreased mobility of the
0il component of the composition which fills the cable of
the present invention is of particular benefit when the

30 cable is used as aerial cable. As noted above, when PEPJ-
and ETPR-filled cable cools after being filled at 230°F,
small voids are left as a result of the varying degrees of
thermal contraction of the components of the cable. Mobile
oils in such filling compounds tend to accumulate in these

35 voids, a process which is accelerated by the 80°C and

higher 1internal temperatures which aerial cable can
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far as is known, cable including this material cannot neet t he proposed
12 feet/ 24 hour industry standard for 25 resistance to water penetration. .

Anot’her problemwith the use of ETPRs whi é8 has recently conme to |ight
is the cracking of the foam skin pol yet hyl ene used to insulate the
wires of the ETPR-filled cable. See, for instance, T.N Bowrer,
"Cracking of Foam 30 Skin Polyethylene Insulation in Pedestals," Proceed.
37th Int. Wre & Cable Synp. 475 (1988). The response of the
industry to this. problemwas to increase anti-oxidation stabilizer
content to obtain inproved foamskin life expect ancy. Th&ATENT

approach, however, does not address the 35 fundanental issue, of the |
conpatibility (or FhOMPxti BEFFRGY. the ojisi§rhq &8 FCCWHBIR| Y1) VAR or

filling conpounds.in the lower parts of the cable, a phenomenon which can
actually " vary the 1local concentrations of the various
component ingredients of the cable, affecting the
5 electricals and exacerbating the above-described
aging/cell-filling processes. Not only does the decreased
mobility of the oils of the filling compound which is
utilized in the cable of the present invention help avoid
these problems, but there are no thermally-induced voids in
10 which the o0il accumulates since the cable is filled at
ambient temperature.

The filled cable of the present invention is also
characterized by another advantage which distinguishes the
cable of the present invention over that filled with, for

15 instance, ETPRs or PEPJs. The capacitance change due to
changes in ambient temperature as a result of the
temperature dependency of the dielectric constant of the
filling compound is mitigated as a result of the inclusion
of the water absorbing polymer. This temperature

20 dependency results from a decrease in the spacing between
conductors as temperature decreases. This reduction in
space would be expected to cause an increase in capacitance
in the case of cables filled with ETPRs or PEPJs. However,
the gel composition which fills the cable of the present

25 invention is engﬁnéered so that an increase in dielectric
constant of the gel mitigates the effect of temperature.
The polyolefin insulation and oil carrier of the filling
compound have relatively constant dielectric constants;
addition of the water absorbing polymer, which has a

30 temperature—affected dielectric constant, has the result of
maintaining an effective dielectric constant which |is
stable over the expected operating temperature range of the
cable by offsetting, or mitigating, the changes in
dielectric constant resulting from thermal expansion and/or

3s contraction.
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Petroleum gels -are generally used % filling conpounds, in part
becduse -dl | known substitutes suffer ~ 1if Fom one or nore di sadvant ages
which [imt their utility such that petroleumgels represent the |east
expensive 5 alternative. However, petroleum gels are generally
characterized by many of the sane di sadvantages of ETPRs. PATENTI N
short, in spite of a continuing and |ong-felt need, and in spite of the
many attenpts whi 8h Rave feéen nrde tapruge siharcdmesdécptobhenscabhere is

still a needmfa%facw@%@d 8- r;%u&t:an& GAb! &n @@@aw&gh@a, feheaclil | ed

cabl e haV|ng stable ca aC|t rel ative erature hange and
which isople EABRERT e el Shel SR BRoRs ERGn “She
i deal cabl e whel cbmemrttalardmtat;anth@ eweti @@Id pexrasiesy sthe apegardl ess of

the anbi eat @QRMLIHONS:SUEILAS J&IHRALUEBrOcalle bR rBERGRAES OFoabsence

of noisture agnd _as the cable
%nstance, one sectf%n of such cable that is just two feet

in length has withstood about fifty (50) feet of water head
(simulated with 23-25 psi air pressure on water) for about
twenty-four (24) months, and another section of such cable

10 that is five feet long has withstood sixty (60) feet of
water head for about twenty six (26) months without passing
any water. Those experiments are on-going such that it is
possible that this level of performance will continue for
an indefinite, additional period of time.

15 The water absorbent polymers which are suitable for
use in connection with the filling compound of the cable of
the present invention are those with a hydrocarbon chain
backbone and pendent anionic groups on the hydrocarbon
chain, and are preferably polymers of non-naturally

20 occurring monomers so as to be less susceptible to
bacterial degradation. The anionic groups can be
carboxylate, sulfate, phosphate, sulfonate, phosphonate, or
any other anionic groups which will form a negative charge
on exposufe to water, polycarboxylates being preferred.

25 The preferred carboxylate polymers are those made from a,f-
ethylenically unsaturated mono~ and dicarboxylic acids
and/or anhydrides such as propenocic acids, . o=
methylpropenoic acids, pf-methylpropencic acids, maleic
acids, fumaric acids and the respective maleic and fumaric

30 anhydrides. Particular success has been achieved using a
polymer of 2-propencate commonly referred to as
polyacrylic, or propenoic, acid the anionic carboxylate
groups of which, when exposed to aqueous conditions, yield
a strongly negative charge along the polymer chain. The

35 salt form of these polymers can be used with a variety of

ions including, but not limited to, alkali metal ions such
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SUMMARY OF THE | NVENTI ON This need is net by providing a

t el ecomruni cati ons cable having a relatively tenperature stable

mut yal - capacitance wherein the space~bb2ween the wires of the 20 cable
are filled with a filling conmpound conprising a gel matri x having a

wat er absor bent pol yner dispersed therein and thi ckened by a

t hi xotropic agent to forma gel having a dielectric constant which

i ncreases as the tenperature to whi ch the cable is exposed increases.
25 Al so provi ded S a met hod of maki ng a

t el ecommuni cati ons cable having polyethylene-insulated Wiph@ENT
therein conprising the steps of (a) injecting a filling conpound

conpri sed of a g&d n@Athriuvm, aowdbtes potassabsosbialkyidl waeth aetads such
thi xotropi c agenfs ifiRedidhe caliRiui? o JAM A, baRALKe Dyheng hnghliatgd wre

.t hrough the f||||ng ovu, the die to co
filling npRntP it ?5%3% ’33pé¢?€ﬂ?e°"aﬁae(Ef?ﬁ?%bp?ﬁgtPﬁeagdgpéﬁ
‘WI re of step (b)grcttug@ttlt@r:hwittp drheadigldt pcardionnicheisobd@dbone. with the

ifilling compgund in theneBgACEnsChrOBridd MRS aBRorbaht aPdifRirs hRLO 2

'teleconnunlcatlons cabl e
po ycarboxylates, other superabsorbent polymers of

acrylates, acrylamides, methacrylate, methacrylamide,
acrylonitrile, methacrylonitrile, diacrylate, and starch
graft polymers of those polymers (such as a starch-

10 polyacrylonitrile graft polymer) may be used to advantage.
Such polymers are resistant to biological degradation over
a long period of time. Consequently, polymers of these
non-naturally occurring monomers are collectively referred
to as being “non-biodegradable® throughout this

15 specification. For instance, the polyacrylic acid polymer
described above has been demonstrated to be resistant to
degradation over a period of several years; controlled
experiments with that polymer have shown no degradation for
over one year.

20 The water absorbent polymer is incorporated into the
gel composition in concentrations ranging from about 5 to
about 33% by weight of the final composition, depending

.upon the particular polymer utilized. Although
satisfactory results have been obtained with compositions

25 including concentrations of polymer at both ends of that
randge (hence the use of the word "about" in describing the
range), concentrations of from about 6 to about 20% are
preferred, and in the case of the preferred polyacrylic
acid polymer, a concentration of from about 8 to about 15%

30 is preferred.

Selection of the particular polymer, and the specific
proportion of the polymer that is selected, depends upon
the desired degree of change of dielectric constant in the
gel composition of the cable of the present invention. In

35 other words, different polymers affect the change 1in

dielectric constant resulting from <changes in the

is Sheet Has Been Replaced
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BRI EF DESCRI PTI ON OF THE DRAW NGS 13 Figures 1 and 2 are graphs
represent| ng the capaci tance of the "ATG conposition (Fig. 1) and a
cabl e i ncl uding the ATG conposition of the present invention 5 (Fig.
2) as a function of tinme and tenperature, respectively.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The tel ecom“nxg irﬁﬁ'%i ons
cabl e of the present invention i ncl udes a wat er absorbent thiXotropic

gel CO”DOSitiOEbmperature to which the cable is exposed, as do different
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proportions of the polymer. It is generally desired to
select a polymer (and a proportion of that polymer) which,
when incorporated into' the gel composition, gives a
dielectric constant for that composition which ranges
between about 2.2 at 25°C up to about 2.3 at 65°C, but
those skilled in the art who have the benefit of this
disclosure will recognize that the ﬁype of polymer and/or
its proportion may need to be modified for use ‘'in
conhection with, for instance, aerial cable which may reach
temperatures of above 80°C. Selection of the particular
polymer utilized, and the proportion of that polymer, is
made by experimentation in accordance with the test
described in Example 7, below. As the data set out in that
Example 1illustrate, the preferred cable of the present
invention is filled with a composition having a dielectric
constant which varies by about -5.15% at -3°C up to about
+5.69% at 60°C, using 25°C (and the approximate dielectric
constant of 2.2) as the nominal "zero" point.

A number of compositions which are gels or can be
thickened to form a gel have been used as a gel matrix.
The gel matrix must be relatively nonconductive to a small
direct current, e.g., have a low dielectric constant. The
matrix should provide a fairly uniform dispersal of the
anionic hydrocarbon polymer in the gel. The viscosity and
composition of the gel is varied depending on the method
used to - introduce the composition into the
telecommunications cable and the temperature and conditions
under which the cable is manufactured.

The gel matrices used in this composition include
silicones, petroleum gels, high viscosity esters, glycols,
polyglycols, olefins and fluorocarbons. All such materials
and/or mixtures are referred to collectively herein as
dielectric oil gel matrices. Mixtures including napthenic
and paraffinic oils are presently preferred for use as gel

matrices in the composition of the present invention but

//umnmrm/m:fii?“"



10 which provides an initial barrier to the entry of water into the

area,of the cable in which the conposition is | ocat ed. If water
does enter the space, the water absorbent polyner in the gel is
activated and the water is absorbed. 1In tests, water was pl aced

adj acent to the gel 15 conposition. The fine powder-like polyner
in the dielectric gel matrix is seenl4raveling to the water within
the gel matrix. This effect appears to be the result of t he mater
absorbent pol ymer seeking out the water. Once the water coftddts

dielectric gel ¢\a.hi gwlxlgasqguschéoaxsce ﬁohs rrmr'@p!néfatf%rfn%gy

m gration of the pol rom out dependi ng on t he
di stance from lsc%ﬁ%uﬂﬁeYb%*rW?FQﬂﬂlzéoﬁﬁ6§lFPénloPg FﬁééﬁabFEtﬁﬁa??qﬂ d
novenent and whithis ekikdwise mpwénentadfanithgevat Bettaleum hgdtoesmmbonss| ow,

di f f usi on- contﬁgggedbgnwﬁngptof251mpvﬁ%tigge wateh abserdentrpPohy M

havi ng pendent ani onjc tgﬁo§g en exposed to a wwre that is 1n short
caused by ° CPRRUPTRERNL PL¢: causes an attraction of the anionic
groups of the poIynemetqﬁlinatwuxe;stﬁEﬁthmesdaebtaQﬁ im concenéfdeiins as

an anode. Thi hﬁ@p}%erﬁro@\\ttg@&\;ﬂ oaooftéh%b%qt p@iyrr%ry L@igidie  exposed

wire brings the ol into ectrochem cal SOCIatI n wth the
wire. and ?he prefe re concentratlons depen%Qng on E¥%e partfzular

material, range from about 70 to about 85% by weight.

10 Thixotropes are used to achieve a desired viscosity.
Suitable thixotropes include those known in the art for
thickening petroleum olls, fluorocarbons, waxes,
petrolatums, gels and greases, and can include such
materials as ethylene and . polyethylene microspheres.

15 Typical thixotropes for gels and greases are pyrogenic or
fumed silica (e.g., CAB-0O-SIL, Cabot Corp. and AEROSIL,
Degussa Corp.), organophilic clays such as bentonite (e.qg.,
BENTOLITE, Georgia Kaolin Co. and BENTONE and DBARRAGEL,
N.L. Industries/Rheox) and hectorite, soaps such as metal

20 stearates, and ureas. The amount of the thixotrope which
is wutilized depends upon the viscosity desired, the
particular gel matrix with which the thixotrope is used,
whether an extender is utilized and the specific
thixotrope. Generally, the thixotrope is used in a

25 concentration of from about 1 to about 15% of the gel by
weight, with approximately 4 to 8% being the preferred
concentration. For instance, if a styrene-ethylene-
propylene block co-polymer is used as the extender, the
preferred concentration of the thixotrope is about 5%, but

30 concentrations of from about 1 to about 8% have been used
to advantage. If microspheres of either low density
polyethylene, high density polyethylene or ethylene vinyl
acetate copolymer are utilized as the thixotrope in, for
instance, a dielectric oll gel matrix, the preferred

35 concentration is about 10% by weight. However, such

thixotropes have been used in cornztentrations ranging from
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accunul ated pol ymer that devel ops around the exposed wre excl udes
water fromthe surface of the wire. As that |ayer bui l ds up around the
wire;, the:short is attenuated and full 35 flow of current through the
wire is re-established with the result that the short is elimnated or
"heal ed". Depending -7-

PATENT on the conponents of the gel~ahd the size of the flaw in

the insulation, the healing process can take as short a PATENT

about 5 up to about 15% successfully. If a petroleum
hydrocarbon of, for instance, aliphatic or napthenic
paraffins, or a mixture of the two paraffins, is used as a
gel matrix, the amount of thixotrope added ranges from
5 about 5 to about 10%. When silica is used as a thixotrope
with such oils, the concentration used is between about 4

and about 8%, the preferred concentration being about 6%.

The thixotrope is used to prepare gel compositions

with desired viscosities of from about 1.2 to about 1.8

10 mnmillion centipoises at 25° C. To counteract the tendency
of the oil component of the filled cable of the present
invention to swell the insulation around the conductors and
migrate into the cells, it is preferred that oils of
relatively high molecular weight must be utilized.

15 Preferably oils having a molecular weight of between about
400 and about 1000 are utilized; if the dielectric gel
mafrix is formulated with an extender such as a
microcrystalline polyethylene block co-polymer, or
thermoplastic rubber, oils having a molecular weight as low

20 as about 200 may also be used to advantage to give the
desired viscosity. Such o0ils are available from, for
instance, Penreco Corp. (i.e., N1500 HT, having a molecular
weight of about 520), Shell Corporation (available in
several molecular weights, including a molecular weight of

25 400 which has been utilized to advantage), Amoco (e.q.,
Amoco 31 having a molecular weight of 400), Exxon (TUFFLO

30 (molecular weight of 460 + 10) and TUFFLO 50 (molecular

weight of 370 + 10)).

In addition, a corrosion inhibitor and antioxidant are

30 added to the composition of the present invention.
Suitable corrosion inhibitors include certain corrosive
inhibitors which are typically used in greases which were
found to have no effect on the water absorbency or
insulation characteristics of the polymer of the gel

35 composition. The rust inhibitor(s) must be chosen with

care because those which are of acid character may
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time as several mnutes up to about 2 or 3 hours, after whi ch current
Is re-established through the wire. 5 The gel filling the cable of
t he.present invention t herefore plays several roles in protecting the
el ectrical conductors of a telephone cabl e from noi sture damage.
First, if there is invasive noisturg, 1bnhe gel- conposition repels the
wat er . Additionally, in the presence of 10 nvisture, the water
absor bent pol yner of the dielectric gel is activated to tFar&NTout of
the gel matrix to forma gel upon contact with the water. . This

travel i ng ef f 8gptratize ﬁﬁﬁwﬁféﬁFér?Q R fRALYRREN PERECTIOHE i HEH RISREE is in a
cabl e conbakni tigosge Mddld udedef wirnes REOMETOUndLeateeday Gerp.3)5 small

i m g: SE i E i 2: t2REERDrx hﬁfc%beLW%omrTTh% p,gll_yrm{ A ne&i:ﬁé’ﬁ' Saa:h%pt ht he
i stiti spaces i f en ereby cau e
wat er itself anﬁ%X}??ﬁﬁﬁﬂﬁ%ePﬁ s“lf%¥ﬁ5FUBQ?H§“éFF§8F EP?)Q&P %ﬂﬁ%ther

i nvasi on of wafetheé present iineergdbhe. but Midhbagase sdfighfotendrnande,

communi cat i onggQy ePa@%@sohawﬂéwbéwﬂﬂdmpeeuaheﬁs snxeéapséﬁW§a§g1¢4u%r
i nsul ati on aroun ﬁé %o an a da | O g Qgpgftl is that al
shorts which 5Pé°$ré§eﬁi guid FRRPET BHYiEAS Gef conpo&fti o,

restoring curFéhhortrougtrdvesrseonlliettor.. Many a"tlﬁhéﬂiﬂﬁs(ﬁﬁﬂxﬁﬁQHnon in
the tel ecomuppcatdiens ¢alh&ef; particularly preferred are the

10 antioxidants sold under the trademark IRGANOX (Ciba-Geigy
Corp.), but it is not intended that the scope of the
invention be restricted only to compositions including that
particular antioxidant.

The cable of the present invention is made with

15 conventional cable filling equipment in the manner in which
that equipment is utilized to make cable filled with PEPJs
and/or ETPRs. Unlike known prior processes for making ETPR
and/or PEPJ~filled cable, however, the process is conducted
at ambient temperature. The process involves drawing pairs

20 of wires through a chamber and die in which the gel
composition is extruded onto the wires, passing the wires
through a sizing insert and then applying a wrapping to the
bundle of coated wires. The wrapped bundle (or several
wrapped bundles) is then drawn through a second die in

25 which a second layer of the gel composition is extruded
onto the bundles if desired and a sheath or jacket is then’
applied.

The following are examples of different combinations
of gel matrices and mixtures which thicken to produce a gel

30 matrix which 1is appropriate for use with the water
absorbent polymer having pendent anionic groups. The
examples of compositions prepared in accordance with the
invention are not intended to 1limit the scope of the
invention and are instead illustrative of a number of

35 different compositions which can be used to practice the
invention.
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25 the present invention plays another, equally inportant, rol e

t he cabl e. It has been shown that the gih§ Ln PEPJs and ETPRs are
abserbed-into the polyolefin insulation of the paired conductors in
the cable. This absorption causes the insulation to swell, causing
I ncreased spacing 30 between conductors and thereby decreasing the
nmut ual capaci tance within the cable. In addition, it has been
shown that in polyolefin foaminsulation, continued oil absorption
causes the air spaces within the foam (cells) to .becone partially
filled wth the oil. As the cells fill 35 wth oil, the effective
dielectric constant of the foamis I ncreased, thereby increasing
the mutual capacitance

5

10

15

Example i

In a presently preferred embodiment, a composition for

£filling a cable in accordance with the present invention is

20 made in accordance with the following formula (all
percentages by welght)

base o0il (N-1500 NT, Penreco) 79.2%
thixotrope
thermoplastic rubber (KRATON
25 G1701X, Shell Chemicals Corp.) 1.5%
fumed silica (Cab-0-Sil TS720) 2.0%
and Cab-0-Sil M-5, Cabot) 4.0%
polymer (FAVOR 960, Chemische Fabrik _
Stockhausen GmbH) 12.0%
30 antioxidant (IRGANOX 1035,
Ciba-Geigy Corp.) 1.3%

In various formulations, these ingredients have been varied
in the following proportions:

base o0il ) 65-82%
35 thixotrope (in various combinations
of silica, thermoplastic rubber, and

organophilic clay) 6-14%
polymer 10-20%
antioxidant 0.05-1.5%

40 In a particularly preferred embodiment, the polymer is

dispersed in the gel matrix, and the gel thickened, by use
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PATENT bet ween the paired conductors, which affects the inpedance

of the cable. 1In addition, changes in the capacitance may af f ect
crosstal k characteristics of the cable. The term "effective dielectric
constant” refers to the conposite 5 effects of the various dielectric
constants of the mat eri al s betweed®& e conductors; for exanple, air
has a dielectric constant of one and pol yethyl ene has a dielectric
constant of about 2.2 and foaned insulation is made up of these two
conponents and therefore has a 10 dielectric constant betwpgpgipat of
the two conponents dependi ng upon the ratio of polyethylene to air. As
t he air isrtheydieldisd SsHéspl goedebyuabsor ked coitheidi splEcing a air
with material hayj hj [ cti t , v ef fecti
dielectric coﬁg?téln’{&??% [ %’g?%%%sngELﬁS%OSUS:Q%eq'g')ta%a%@t%aonspletl%{}'t helﬂégbl e is
al so af f ect edcoppesitiqrersethenresed Aor EipéiadupecabiR righdds mpRAST

materi al s dekthied tammvecabl e undergo thermal expansion, causing

5 Example 7.

The ability of the filled cable of the present
invention to mitigate temperature related changes in
capacitance is further illustrated by the following data.
An ATG was formulated from the same components and in the

10 same propodrtions as set out in Example |} but substituting
a FAVOR 944 water absorbing polymer for the FAVOR 960
polymer and utilizing the colloid mill for thickening of
the gel. Using 25°C as the "zero'" point, the per cent
change in the dielectric constant of the gel was then

15 measured and calculated as follows:

Temperature (°C) % Change in Dielectric Constant

-3 ~-5.15

14 -2.20

25 ——

20 35 2.59

45 . 4.26

55 5.18

60 . 5.69

Example 3

25 Electrical performance of the cable of the present
invention was tested in the following manner. In a

preliminary experiment, twisted pairs of 26 gauge foam-skin
insulated wires were immersed in beakers containing the
composition made in accordance with Example | and two
30 commercially available ETPRs at 60° C and capacitance
measured as a function of time. The results are shown in
Fig. 1. As can be seen, the ATG of the present invention

was more stable than the ETPRs.
The capacitance of the blue-white pairs of two 25 pair
35 cables with 24 gauge solid insulation, one cable filled
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I ncreased spaci ng between conductors and resulting in a decrease in

capaci tance. Wth known commercially available 20 insulations and filling
. conpounds, the dielectric constants of the materials are
~essentially constant over the operating tenperature range of the

cable. Therefore, in currently commercially avail abl e cabl es,

capaci tance change Is a function of thernmal expansion. Changes in

capacitance 25 due to tenperature changes occur imediately wth

t enperature change of the cabl e whereas capacitance changes due to oi

absorption and/or cell filling are gradual over ti me (wealesroNg years),

the rate dependi ng upon the average tenperature to which the cable is

exposed. Chanigs teeAT® B0 Exabsbe pt iand &he ¢rhreweridhbh ecote s IdManges in

capacitance availdifie E@PRtQﬂﬁ%rﬁééﬁ&%ed33@nge§unéﬁﬁbn eYCtémratage.ambi ent
tenperature rlﬁes and fal g g gel co osi tion gg the. cabl e
of the present'® ?nvﬁht?gﬂ "hdRevB9 - nitti gats the dfanddin capaci t ance

due 35 to t?@a_emct\a«smpheni)nm ETR8 of | bledecabd ef ofroreaserny twidh
conposi tign fildidgihBeceabbeatlrd Mo iNeEBAt OAVEALI ADGAFEl1ed cable

remains relatively level. The relative stability of the
ATG filled cable appears to result from the selection of
the water absorbent polymer, the thixotrope, or a
combination of polymer and thixotrope which, when used to

10 make the ATG of the present invention, results in an
increase in the dielectric constant of the ATG. The
temperature-dependent increase in the dielectric constant
of the ATG mitigates the decrease in the capacitance of the
cable resulting from thermally-induced expansion of the

15 spaces between the wires of the cable. In a preferred
embodiment, the polymer, thixotrope, or the combination of
thixotrope and polymer, are selected so as to cause an
increase in the dlelectric constant of the ATG by about 4
to about 6% depending upon the specific polymer and polymer

20 concentration, over a temperature range of about 40° C.

Example &

The ability of the cable of the present invention to
meet and/or &exceed current requirements for <cable
electricals was demonstrated in the following manner.

25 Table I contains the electrical data for the S0 pair super-
unit of a AFMW 200 cable containing an ATG filling compound
manufactured in accordance with Example !, above. These
data are typical of filled cable and f£it comfortably within
the range required by industry specifications. The value

30 of R/C ratio for the cable was 0.0173 (0.0200 is passing).
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mai nt ai ned

the oils of, for instance,

oils are

agents of the gel

PATENT
in the thixotropic gel anggy therefore, are
congi derably |l ess nobile and are not absorbed to the sane extent as
PEPJs and ETPRs. Not only does the
thi xotrope maintain the oils in the gel, but 5 higher nolecular
used to further decrease nmobility. The thixotropic
conposition of the cabl e of the present
into the gel and therefore do not depend

i nvention bind the oi
excl usively on synthetic

prevent oi

10

15

20

25

m crocrystalline wax and/or
PATENT
Table I
"Average | Btd. Dev. Ind. Max. | Ind. MKin.

mutual cap. 83.53 1.37 86.30 80.99
(nF/mile)

attenuation 5.30 0.04 5.41 5.21
(&B/Kf)

Example _5_

The resistance of the insulation of the cable of the
present invention to the oxidative cracking described above
is demonstrated by the following data. Cables filled with
the ATG composition of Example! . were tested for oxidation

by aging for various periods and measuring oxidation

induction time (OIT).
Elmer DSC{4

The test instrument was a Perkin-
using the Model 3700 Data Station. The test
procedure was per Bellcore specification TA-NWT-000421.

In the first test, a 50 pair 24 gauge foam-skin cable
filled with an ATG made in accordance with Example 6 was
aged for four weeks at 70° C. OIT was determined at 200°C
before and after aging. The type of stabilization package
used in the insulation was not known, nor was the cable's
prior thermal history. In the second test, three cables,
one filled with ATG made in accordance with Examplel
two with different ETPRs,

aging two weeks at 70° C.

and
C after
aAll three cables were 50 pair,
The 1insulated
conductors in all three cables were from the same wire
production run. '
known.

were evaluated at 200°
26 gauge foam-skin insulated conductors.
Again, the stabilization packages were not

All

values reported represent the average of one run on each of

The data for both tests are shown in Table II.

the ten color insulations.
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10 mgration. Consequently, as the tenperature to which the

cable is exposed increases, less oil is frge to migrate into the
cel I,5 of sthe insulation. Because the thixotropic property of the
.gel allows the cable to be filled at anbient tenperature (as
“conpar ed to the increased 15 tenperatures required for ETPR and
PEPJ-fill ed cabl es), there is no initial heat soak to begin
m gration of oil into insulation. The result of the reduced
t endency of the gel conposition which fills the cable of the
pr esent invention to mgrate into the polyethyl ene insulation
20 prevents the gel conposition from inparting additional
stress-to the insulation as opposed to ETPR conpounds. pATErRVET
stress levels within the insulation results in reduced cracking
of the insulation over tine. The decreased nobility of
the oil co ment ot tne . ger AAS CUHpUbILIUH arso decreasgs the
cell filling ) g : p
change. Ay aidint vanhaRangh b1h smoqﬁcmsed mobi 1 ]y of
t he oi | conmponent of thRsexEIRAI @i psod ch fills the cabl p of
the present ifjvention 1 s of Qartlcular benefi T when tne 30 caple is
used as aeri am cable As nri—j-chSh%/FT MR p4.200° and ETPR-fill ed
cabl e cool s afjfter beingl|filled @&sQ%ﬁ[err]F, ' Test #2
4 Weeks Aging @ 70°C 2 Weeks Aging @ 70°C
5 Filling Av. Std. Dev. Av. std. Dev.

Compound

ATG 53.7 7.4 64.1 4.6

ETPR I - - 53.5 8.7

ETPR II - - 46.3 6.3

10 ' * k k ok Xk

Although the invention has been described in terms of

a number of examples setting forth preferred embodiments
thereof, those skilled in the art who have the benefit of
this disclosure will recognize that changes may be made in

15 the compositions described in these various examples
without changing the manner in which the various components

of the gel composition of the present invention function to
accomplish the results achieved by these compositions.

" Such changes might, for instance, take the form of small

20 variations in the proportions of the various components,
the substitution of some substance having a similar
function not mentioned in the specification for one of the
components of the gel composition, or the addition of a
substance to one of the gel compositions described. Such

25 changes are intended to fall within the spirit and scope of

the present invention as set out in the following claims.
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small voids are left as a result of the varyi ng degrees_of
thermal contraction of the conponents of thé@Zcable. Mbile
in such AJ11ling conmpounds tend to accunul ate in these

bbile ————— oils
roce o TSl L e

internal tenperatures which aerlal cable can

-10-
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1. A telecommunications cable having relatively stable
mutual capacitance comprising a plurality of paired
conductors, insulation surrounding said paired cdnductors,
and a wrapping round the insulated, paired conductors, the
spaced therebetween being filled with a composition having
a dielectric constant which increases as the temperature to
which the cable is exposed increases, thereby mitigating
the decrease 1in the mutual capacitance of the cable
resulting from the expansion effect of increased
temperature and of aging on the paired conductors,
insulation, and wrapping, the composition being comprised
of a dielectric base oil, a water absorbing polymer, and a

thixotrope.

2. The telecommunications cable of Claim 1 wherein the
composition is formed by mixing about 70 to 85 weight
percent dielectric base o0il, about 1 to 15 weight percent
thixotrope, and about 6 to 20 weight percent water
absorbing polymer.

3. The telecommunications cable of Claim 2 wherein the
dielectric base o0il is comprised of a hydrocarbon oil
having a molecular weight of about 200 or higher and an

extender.

4. The telecommunications cable of Claim 3 wherein the
extender is a block co-polymer, thermoplastic rubber,
polyethylene powder, microcrystalline wax, or polyethylene

or thylene microspheres, or mixtures of same.

5. A method of maintaining relatively stable mutual
capacitance in a telecommunications cable comprising a

plurality of pairs of insulated conductors and a

1)




devel op. Further, the oils tend to accunulatg in the voiw

| ower ,parts of the cable, a phenonenon whith tan act t he

| ocal® concentrations of the various conmponent |ngre /W

cabl e, affecting the 5 electricals and  exacer bat |*ng ”W’l

above-descri bed aging/cell-filling processes. Not only does th®

decr eased nobility of the oils of the filling conmpound which is

utilized in the cable of the present invention help avoid t hese

probl ens, but there are no thermally-induced voids in 10 which the oil

accunul at es siompedid ceahle tige f ipdess abetweenntiitentod tnpepdt umsulated

The filled cahl of the gsent, Lnver .on_ES r rd z

anot her advaﬁ@é%@ WAT &RAF %QQn%B|shes Of %?%%1ng EH% qg?@?%nég ¥

i nventi on ovdnanegsef iih temperhtuikes EBerPHXtﬁﬁéélnETPR§r@@1PEHE§nSlCThe

capaci tance ¢fangf WP vith DRt @otréespeiatl ghe aF redrEstd t of

t he t enper.at.ure dependency of thet&ieleCH{IC con§tant of the

filling conpg&ﬁ&QQ¥qﬁ%|§89§Haé§ % ed silgiFreasifig (Hhe

wat er absor kiieg eqmlipeEonstant dhi sthd enpenisAEi@) depandenapacsul ts

froma decre n.th pacing be e du rs aste

decr eases. %%%deeﬁbdggfloﬁa g%e Qnsulaggg Qag§§éc%gd ggﬁlause

i ncrease in @em%mgag@ﬁoethereby substantlally offsettlng the thermally~
induced decrease in the mutual capac1tance of the cable.

6. The method of Claim 5 wherein the composition is
comprised of a dielectric base o0il, a thixotrope, and a
"water absorbing polymer, either the thixotrope or the water
absorbing polymer, or the thixotrope and the water
absorbing polymer, having been selected so as to cause a
temperature~induced increase in the dielectric constant of

the composition.

7. A method of making a telecommunications cable
having an effective dielectric constant which is a function
of temperature and which thereby mitigates temperéture
; induced changes in the mutual capacitance of the cable
comprising the steps of wrapping a plurality of paired,
insulated conductors into a bundle, filling the spaces
between paired, insulated conductors in the bundle with a
composition having a dielectric base o0il as one component
thereof, mixing a thixotrope and a water absorbing polymer
into the composition before filling the spaces, and
selecting the thixotrope or the water absorbing polymer, or
both the thixotrope and the water absorbing polymer, so as
to cause an increase in the dielectric constant of the
composition when the temperature of the composition is

increased.
im&xiﬁfmiﬁ]ﬁrm |




in the case of cables filled with ETPRs or PEPJs. Fbmévg?_“'hu_th““*‘T‘“‘

conposi-tiaqn which fills the cable of the,present 25 tﬂnmm' m
engi heeredl so that an increase in diel ectfic const "m,”m
mtigates the effect of tenperature.

carrier of
constants;

30 tenperature-affected dielectric constant, has the result of

mai ntai ning an effective dielectric constant which is

expected operating tenperature range of the cable by offsetting,
mtigating, the <changes in dieletric constant resulting from
t hermal expansi on and/or 35 contraction.

8. The method Claim 13 wherein a plurality of bundles

of paired, insulated conductors are bound together with a
sheath, and wherein the spaces inside the sheath and
between the bundles are also filled with the composition.

9. The use of a composition comprising a dielectric
base 0il, a water absorbing polymer and a thixotrope as a
filling in a telecommunications cable to provide the cable
with a substantially constant mutual capacitance over a

wide temperature range.

10. The use of a composition according to Claim 9
wherein the dielectric base o0il is comprised of a

hydrocarbon oil and an extender.
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PATENT A 25 pair, 24 gauge telecomunications cable

manuf act dred for Applicant by an established, donestic cabl e
manuf act urer whi ch i ncludes the gel conposition of t he present
advant age has net and exceeded the above- 5 28escribed industry standards
for cabl e performance. For i nstance, one section of such cabl e that
is just two feet indength has withstood about fifty (50) feet of water
head (simulated with 23-25 psi—aif—-pressuce on.water) for about
twenty-four (24) nonths, and anotjheerEBERtiAlon of sugh cabl e that is five
feet long has withstood sixty (6Q)afegtraf wat gr head for about twenty
six (26) nonths w thout passing |o KRfy meter Those experinents are
on-going such that it is wPOSg-bHefthat-thi-p-+evet-;0 gfr.ornance\Mll
continue for an indefinite, 4ddit]onal perLod gf tifre.” U5 The
wat er absor bent pol yners whi h arte su tablle fofe ¢ usefin connection with
the filling conpound of the cablé of a I
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the present invention are those with a hydrqﬁg[pon chain backbone and
pendgn}Fanionic groups on the hydrocarbon """ chain, and are preferably

pol ymer’s =of non-naturally 20 occurring nononers so as to be |less
susceptible to bacterial degradation. The anionic groups can
be carboxyl ate, sulfate, phosphate, sulfonate, phosphonate, or any
ot her anionic groups which will forma negative charge on exposure to
wat er, pol ycarboxyl ates beingipreferred. 25 The preferred carboxyl ate

pol ymers are those nmade from|[err],[err]- - et hyl eni cal | y unsat ur at ed
nmono- and di carboxylic acids and/ or anhydri des such as

pr openoi c aci ds, [err] - net hyl propenoi ¢ aci ds,
[err]-met hyl propenoic acids, nmaleic acids, fumaric acids and the
respective maleic and fumaric 30 anhydri des. Particul ar success has been
achi eved using a pol ymer of 2- propenoate commonly referred to
as pol yacrylic, or propenoic, acid the anionic carboxylate gr oups
of which, when exposed to aqueous conditions, yield a strongly
‘negative charge along the polyner chain. The 35 salt formof these

pol yners can be used with a variety of ions including, but not
limted to alkali netal ions such

PATENT
PILLED TELECOMMUNICATIONS CABLE HAVING TEMPERATURE
S8TABLE MUTUAL CAPACITANCE
ABSTRACT .
A cable having a thixotropic £illing compound therein,
the filling compounu being a gel composition including a
water absorbent hydrocarbon polymer with pendent anionic
groups. The composition eliminates shorts caused by
5 moisture contact with such wires. The cable including the
composition is stabilized against thermally induced
capacitance changes and shows improved oxidation induction
times.
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acrylates, acrylamdes, nethacrylate, met hacryl am de,

acrylonitrile, methacrylonitrile, diacrylate,” and starcl rs
of t'hose pol ymers (such [EE~a—stat" =gl yacryl oni t r (REP (% @Eﬁ@lﬁﬁ i)
may be used to advant agg. THIS SHERIHADBERMIS are resi st aht

degr adat i on over a llong pBEPLACEP t | Consequen

t hese non-natural |l y occurring nononers are collectivVe
as, being "non-bi odegradabl e" thr@éghout this 15 | spesif+t-ecat .
i nstance, the polyacrylic acid pol yner descri bed abpve has .been.
derronstrated to be resistant to degradati on over a period-of—severar
years; controlled experinents with that pol yner have shown no
degradation for over one year. 20 The wat er absorbent polyner is
i ncorporated into the gel conposition in concentrations ranging from
about 5 to about 33% by wei ght of the final conposition, depending
upon the particul ar pol yner utilized. Al t hough sati sfactory
results have been obtained with conpositions 25 including concentrations
~of polyner at both ends of that range (hence the use of the word
"about" in describing the range), concentrations of fromabout 6 to
about 20% are préferred, and in the case of the preferred polyacrylic

t O
Hor

PATENT
FILLED TELECOMMUNICATIONS CABLE HAVING TEMPERATURE
B8TABLE MUTUAL CAPACITANCE .
ABSTRACT

A cable having a thixotropic £illing compound therein,
the filling compounu being a gel composition including a
water absorbent hydrocarbon polymer with pendent anionic
groups. The composition eliminates shorts caused by
moisture contact with such wires. The cable including the
composition is stabilized against thermally induced
capacitance changes and shows improved oxidation induction

times.
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acid polymer, a concentration of fromabout 8 to about 15% 30 is

preferred,

Sel ection of the particular polyner, and the specific

proportign of the polynmer that is selected, depends upon t he desired
degree- of change of dielectric constant 1in the gel conposition of the
cable of the present invention. 1In 35 other words, different polyners
affect the change in dielectric constant _resulting.—f+em
in the 2] e AN

\

PATENT

FILLED TELECOMMUNICATIONS . CABLE HAVING
TEMPERATURE S8TADBLE MUTUAL CAPACITANCE

filled with a gel

This invention 1is for a cable

chemical composition that, when exposed to changes 1in

émbieht temperature, substantially maintains its nominal

This is the replacement sheet
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tenperature to which the cable is exposed, as do different proportions
of the pol yner. It is generally desired to sel ect a polynmer (and a
proportiah of that polymer) which, when incorporated into the gel
conposition, gives a 5 dielectric cansgtant for that conposition which
ranges bet ween about 2.2 at 25[err]C up to about 2.3 at 65[err]C, but
those skilled in the art who have the benefit of this di scl osure w ||
recogni ze that the type of pol yner and/or its proportion may need

to be nodified for wuse in 10 connection with, for instance aerial
cabl e which may reach tenperatures of above 80[err]C. % gn of
the particul ar polymer utilized, and the proportion of tha yner S

made by eXper'H@Né‘i'@A’bé&t@%Qrdaﬂ% é’Mm&J&sEQ?oﬁeﬁ a waéteisqarbls@%éeh@

Exanpl e 7, belg As the data set out in e ustr e, the
preferred cabl %hl’é‘?t’f‘?%lcpr%%]en{ ATG) t"??ﬁ/efﬁl Bﬁtf§at'f‘?qan£\'j W"t‘ﬁ o ecoﬁﬁosi tion

havi ng a di el egbsoxb watercendtyatt cahileh usadi es drptabbutongpnd®safro8[err] C

up to about watdr SNARL. 60[err] C, wusing 25[err] C (and the approxi mate
dielectric constant” of 2.2) as the nom nal !zer

nunber of cbnpositibhs SHPCRLt g}él SNRCROFACHR 1nto %f‘ﬁl %‘?(lglrﬁyd ct&MEbr m a
gel have been bskdeas eomgbictmatrix.a bundlfhengébrnbetrveemudte banddkeat i vel y
nonconductive be a %%%hhctors contained in, for

telecommunications cable. Regardless of the use of the

instance, a

cabhle, not only does the composition prevent the entry of
10 water, but the composition also eliminates electrical
shorts caused by water contact with the conductors in
cables, such as telephone cables, which carry a small
direct current, thereby attenuating the short and restoring
full current flow through the conductors.
15 Description of the Prior Art

Communications cables such as telephone lines are made
up of a multitude of pairs of conducting wires, typically
copper wire, which are insulated from each other with a
thin layer of a thermoplastic resin and bundled by an

20 insulating material. Bundles of insulated pairs of
conducting wires are then wrapped with a sheath of plastic,
paper wrapping or other material, into a cable. A filler
such as a petroleum gel is added to many cables inside the
cable cover to fill the interstitial spaces and retard

25 water migration therein. _

In recognition of the essential nature of the ability
of telecommunications cable to be able to withstand
exposure to water, the industry has promulgated certain
performance standards which the cable must achieve, In

30 particular, one standard requires that a three foot long

section of cable not pass water when maintained under a

column of water three feet high (e.qg., a "three foot water
head"). <The industry is currently considering a change in
that standard to reauire that a saotion of cabli- eight feet

3s long not pass water when subjected to twelve feet of water
head for twenty four tiours.



direct current, e.g., have a low dielectric constant. The mat ri x
shoul d provide a fairly uniformdispersal of the 25 anionic hydrocarbon

polyner im the gel. The viscosity and 3 - conposition of the gel is

var i.ed dependlngon t he met hod used “to i ntroduce the

conposition into t he t el econmuni cati ons cable and the tenperature
and conditions under which the cable is manufactured. 30 The gel
matrices used in this conposition include silicones, petrol eum gels,
hi gh viscosity esters, glycols, pol ygl ycol s, ol efins and

fl uorocarbons. Al such materials and/ or m xtures are ref @NTEHTt O
collectively herein as dielectric oil gel matrices. M xtures

i ncl udi ng napt heni c As38otaddrhnaeaf FhaiRE iG] 3rhrdigrlosent PT84 for
use as ‘qel t e IROMNGAS ch DidiEe cGBIPOKjdinet Qhtéenvagient by Miditiingn but

the spaces between the wrapped bundles of conducting wires
inside the cable (referred to as the filling zone) with

S cohpounds such as polyethylene-petroleum jelly (PEPJ) aid
oil-extended thermoplastic rubbers (ETPR), the latter being
wiéely used by AT&T and the Bell regional operating
companies in the United States and sold under the trademark
FLEX-GEL. Certain patents also describe telecommunications

10 cables including water swellable polymers such as polyvinyl
alcohol, polyacrylamides, or cellulose derivatives, which

are applied to bundle wrappings or contained in "moisture
barriers" which are spaced internally along the length of

the cable. Such cables are, however, characteriied by a

15 number of limitations and disadvantages. In the case of
those which include a polymer which swells in the presence

of water, the polymer is typically provided in a granular

or powder form. As such, distribution .of the polymer
throughout the cable is problematical. If not distributed

20 evenly throughout the cable, effective water absorbance is
not assured. Further, when insufficient quantities of
polymer are present, the ability of the swollen polymer to
block water migration becomes problematical. . Another
problem is that many water-absorbent polymers, especially

25 in the case of cellulose derivatives and other naturally-
occurring polymers, are susceptible to bactgrial attack,
resulting in production of acids and other by-products
which can damage or deg:adé the components of the cable.
Perhaps more importantly, on contact with water,

30 powders alter the electrical characteristics of the cable.
Using smaller quantities of the powder in the cable so as

to decrease that effect compromises the water blockage
capabilities of the._powder. Further, certain swelling
agents such as polyvinyl alcohols and polyacrylamides do

35 not swell gquickly enough in cqld;wgter to effect proper

water blockage when the bundle is only partially filled,

- -ngistheremacementshe
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thosé‘§kilhed in the art who have the benefit of this di scl osure w ||
recogni ze that any |long chain, saturated _ , oil is |ikew se used to

advant age. Petrol eum hydrocar bons nust4be free of inpurities which
could corrode the 5 conductors in the cable. The gel matrix is
used to advantage in concentrations ranging from about 40 to about
92% by weight. The preferred concentrations, depending on the
particul ar material, range from about 70 to about 85% by wei gpRtren20

Thi Xotropes are used to achieve a desired viscosity. Sui tabl e

t hi xot ropes i nclwglgrd hoBEL iipWhd Nbdrda eardonipdietely witikenrchgagepes r dseum
oils . fluoroc op 3 : : : ~and
. AL Ot 1REG RE1d YUaRUEE org6] Snd Nk ¢ 8R29% 4
can include such’ nafgft | s BSES“S%hﬁfené andprpo* et hyl ene ing

m crospheres. in the confined space when contacted by water,

ETPR filling compounds are also characterized by a
5 number of disadvantag.s and/.r limitations. For instance,
' ETPRs must be heated to achieve a liquid state for handling
and filling of the cable, increasing cost and creating
logistical problems during .storage and transport of the
material. Cable is filled at about 230°F and under
10 pressure such that the filling operation is relatively
dangerous and thermal contraction after £illing results in
the formation of voids which can serve as paths for water
migration. Further, only recently have ETPRs been
available which can be fuseéd in .aerial cables; the
15 temperaﬁures in the - cable resulting from ambient
temperature and exposure to shnlight caused prévious ETPRs
to liquify and drip out of the cable. Recently issued U.S.
Patent No. 4,870,117 is directed to a filling compound
which is stated to maintain its gel state at temperatures
20 up to 80° C (e.g., the temperature to which aerial cables
'~ ‘may be subjected), but reports from the field indicate that
such cables may not be perfotming as expeéted. Further, so
far as is known, cable including this material cannot meet
the proposed 12 feetf24 hour industry standard for

25 resistance to water penetration.

Another problem with the use of ETPRs which has
recently come to light is the cracking of the foam-skin
polyethylene used to insulate the wires of the ETPR-filled
cable. See, for instance, T.N. Bowmer, “Cracking of Foam-

30 Skin Polyethylene Insulation in Pedestals," Proceed. 37th
Int. Wire & Cable Symp. 475 (1988). The response of the
industry to this.prdblemIWas to increase anti-oxidation
stabilizer content to obtain improved foam-skin 1life
expectancy. Thatvspproach,'however, does not add:ess the

35 fundamuntal issue of the compatibility (or.;ncompatfbility}

- of the resin, stabilizer(s) 'andfor. filling compounds.

] Tiug is the replacement sheet
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15 Typical thixotropes for gels and greases are pyrogenic or f umed

silica (&.g., CAB-OSIL, Cabot Corp. and AERCSI L, Degussa Corp.),
organophillc cl ays such as bentonlte (e % BENTOLI TE, Georgi a Kaolin
Co. and DENTONE and BARRAGEL, | hdustri es/ Rheox) and hectorite,
soaps such as netal 20 stearates, and ureas. The amount of the thixotrope
whi ch Is.utilized depends upon the viscosity desired, the
particular.gel matrix with which the thixotrope is used, whet her an
extender is utilized and the specific. t hi xot r ope. Gener ghtinr the
thixotrope is wused in a 25 concentration of fromabout 1 to about 15%
of the gel by Petgicdlelim Wgkhs apgreoxi getetal 4 t cusBdd beang theljpnef erred

concentrati oNgoppodis, dﬂ§ ’becaLse alftﬁﬂsaﬁ eLB¥L$BEees surPLPPYI €ne
bl ock co- polyner s used as the extender preferred concentration

of the thixot FEP® ?%ea%%uﬁ°¥?%ﬂ1569V§RFaQﬁ§né@ﬁFPagﬂﬂh§ ShefFomtabsty 1 to
about 8% havesbelenthsed petroléun GehaniEsesent! fta Cﬂ.éSQhGI’%en@ive ei t her

ow densidy sreerfXELIY! g il dEPRbiduPOlalibele Yenkkhylpne viny!

acet ate copol yner are ut|I|z tance,

dielectric ofParggheriggds by manhof ﬁPéféP?%dPl%E?VQﬂﬁ%ﬂﬁﬁtFﬁt@gﬁn?s about
10% by wei ght. Howavehorsycin spite dfhiaxedntapeds ngaged beeiy-tSad naed,

ConcentratiOnﬁnﬁaﬂgiighéé(yp the many attempts which have been made to
solve these problems, théfé is still a need for a water

10 resistant cable, and further, for a filled cable having
stable capacitance relative to temperature change and which
is less susceptible to the effects 6f long term aging. The
ideal cable would maintain constant electrical parameters
'regardless of the ambxent condltions such as temperature or

15 the presence or absence of moxsture and as the cable ages.

SUMMARY OF TﬂE INVENTION
This need is met by providing a telecommunications
cable having a relativeiﬁﬁ;tempgrature;.stable mutual
capacitance wherein the sp&éeibetwéen the wires of the

20 cable are filled with a fillihg compound comprising a gel
matrix having a water absorﬁéht poiymef dispersed therein
and thickened by a thixotroéic agent to form a gel having
a dielectric constant which increases as the temperature to
which the cable is exposed increases.

25 Also provided is a method of making a
telecommunications cable having polyethylene-insulated
wires therein comprising the steps of (a) injecting a
filling compound comprised of a gel matrix, a water
absorbing polymer, and a thixotropic agent into a die; (b)

30 drawing a polyethylene insulated wire through the filling

~compound in the die to cogt ‘the wire with the. filling
compound at room temperature, and (c) wrapping the coated
wire of step (b}, toqether thh an additional wire coated
with the filling compound in the manner set out in steps

35 {a) and (b), into a telcecommunications cable.

T :'.~
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about 5 up to about 15% successfully. If a petrol eum hydr ocar bon

of, *for *instance, aliphatic or napthenic paraffins, or a m xture of
t he _t-'vvo paraffins, is used as a gel wmegrix, the anount of thixotrope
added ranges from5 about 5 to about 10% \When silica is used as a

t hi xot r ope with such oils, the concentration used is between about 4
and about 8% the preferred concentration bei ng about 6% The

t hi xotrope is used to prepare gel conpositions , PATENT

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are graphs representing the
capacitance of the ATG composition (Fig. 1) and a cable
including the ATG composition of the present invention
5 (Fig. 2) as a function of time and temperature,

respectively. I

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The telecommunications cable of the present invention
includes a water absorbent thixotropic gel composition

10 which provides an initial barrier to the entry of water
into the area of the cable in which the composition is
located. If water does enter the space, the water
absorbent polymer in the gel is activated and the water is
absorbed. In tests, water was placed adjacent to the gel

15 éomposition. The fine péWder—like polymer in the’
dielectric gel matrix is seen traveling to the water within .=
the gel matrix. This effect'appears to be the result of
the water absorbent polymer seeking out the water. Once
the water contacts the dielectric gel, a highly viscous

20 semi-solid material is formed by migration of the polymer
from out of the gel that, depending on the distance from
the dielectric gel composition, is incapable of fluid
movement and which restricts movement of the water to
extremely slow, diffusion-controlled movement.

25 The water absorbent polymers, having pendent anionic
groups, when exposed to a wire that is in short caused by
the présence of water, causes an attraction of the anionic
groups of the polymer to the wire, the wires_acting, in
effect, as an anode. This apparent attraction of the

30 polymer to the exposed wire brings the polymer into
electrochemical association with the wire, and the
accumulated polymer that develops around the exﬁosed wire
excludes water from the surface of the wire. As that layer
builds up\around the wire, the short is attenvated and full

s flow of current through the wire is re-established with the

result that the short is eliminated or "healed".
, [
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with desired viscosities of fromabout 1.2 to about 1.8 10 nillion

centipoises at 25[err] C. To counteract the tendency of the oi
conmpohent pf the filled cable of the present i nvention to swell the

i nsul ati on around the conductors and ﬁibrate into the cells, it is
preferred that oils of relatively high nolecular weight nust be
utilized. 15 Preferably oils having a nol ecul ar wei ght of between about
400 and about 1000 are utilized; if the dielectric gel matrix is
formulated with an extender such as a m crocrystalline PATENT
pol yet hyl ene bl ock co- pol ynme or t her mopl astic rubber, oils

havi ng a nol ecul ar w&i §he agmpemﬁegs of HoeFndrgPearise bof (she) fav in
advantage to give thee insdestief, ViREORkaYing HH6tex |mmrakeyvad adlort a

f f t B 5 h |
m;?th O?raboutIEZO?ﬁ%g enr%%gagbr nuées u Q% gpobg 2 @F'?gh@uPP e&f@

shal I° ora
mol ecul ar wei ght's, NﬁéFDdr%@r%P?nﬂ%ﬂﬁﬂﬂ&ﬁtﬂéigﬁ?eQﬁtﬁﬂ9“9ﬂ09h%WH%ﬂ? has been
utilized to advastage), mcge(le fd1lling théneas1dlofathagpaesvhecihaéntion

LI 900 ORI By AL Bty veabhc SRl Gl #00
corrosion |nhlbltorcﬁﬁéuﬁh9¥%xﬂd%nﬁ éﬁéevbonaddéél%(ﬁrQWmWOEﬁﬁﬁﬁtl9PE@Heof
the present inventdi@Bt, if there is invasive moisture, the gel composition
repels the water. Additionally, in the presence of
10 moisture, the water absorbent polymer of the dielectric gel
is activated to travel out of the gel matrix to form a gel
upon contact with the water. This traveling effect is
particularly useful when the confined space is in a cable
containing a multitude of _wires in a bundle having very
15 small interstitial spacgs therebetween. The polymer
travels into the interstitial spaces if m01sture 'is
present, thereby causing the water itself to participate in
a plugging effect to prevent further invasion of water ‘into
the cable. In the case of, for instance, commUnication
20 cables having small (pinhole-sized) flaws in the insulation
around a conductor, an additional benefit is that any.
shorts which are present may be healed by the gel
composition, restoring current through the conductor.
The gel composition in the telecommunications cable of
25 the present invention plays another, equally important,
role in the cable. It has been shown that the oils in
PEéJs and ETPRs are absorbed into the po}yolefin insulation
of the paired conductors in the cable. This absorption
causes the insulation to swell, causing increased spacing
30 between conductors and thereby decreasing the mutual
capacitance within the cable. In addition, it has been
shown that in polyolefin foam insulation, éontinued oil
absorption ca;ses the air spaces within the foam (cells) to
become partial}y filled with the o0il. As the cells £i11
35 with 0il, the effective dielectric constant of the foam is

increased, thereby increasing the mutual capacitance

Tris is the repiacement shee:!
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Sui table corrosion inhibitors include certain corrosive inhibitors

which are typically used in greases which were found to have no
effect on the water absorbency or - dnsulation characteristics of
the. polymer of the gel 35 conmposition. The rust inhibitor(s) nust be
chosen with care because those which are of acid character may
- 16 - PATENT
neutralize the effect of the polyner preferred inhibitors are those

sold under the REOVET (Ci ba-Ceigy Corp.)

between the paired conductors which affects the 1mpedance
of the cable..-In .addition, changes in the capacxtance may
affect crosstalk characteristics of the cable. The ‘term
"effective dielectric constant" refers to the composrte

5 effects of the various dielectric constants of the
materials between the conductors} for example, air has'a
dielectric constant of one and polyethylene has a
dielectric constant of about 2.2 and foamed insulationis
made up of -these two components and therefore has a

10 dielectric constant between that of the two components
depending upon the ratio of polyethylene to air. As the
air in the cells is displaced by absorbed oil, displacinq
alr with material havxng a higher dielectric constant the o
effective dlelectrlcwconstant is 1ncreased 3

15 The capacrt’ ice of the cable is ‘also affecLed by
temperature.

_ temperature lncreases,; the_fmaterlals. :
within the cable ‘undergo thermal expansxon, causing ..

lncreased spacxng-between conductors and resultxng in aﬁig o

decrease in capacxtance. With known commer01a11y'ava11able:“
20 1nsu1atxons and f1111ng compounds, the dlelectrzc constants
of the materxals _.are essentlally constant over the
operatlng temperature range of the cable. Therefore, in
currently commercially available cables, capacitance change
is a function of thermal expansion. Changes in capacitance
25 due to temperature <changes occur immediately with
temperature change of the cable whereas capacitance changes
due to oil absorption and/or cell filling are gradual over
time (weeks to years), the rate depending upon,the average
temperature to which the cable is exposed. Changes due to
30 absorption are irreversible whereas changes in'capacitance.
due to temperature. changes are cyclical as  ambient
temperature rlses and falls. | .

The gel composxtlon of the cable of the , present .

invention, however, _mxtlgates the change in capac1tance due

35 to the above phenomena. The oils used in fofmulatanq the’

composition (illing the cable of Epe_present inQention are

This iz the replacement sheet
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trademark such as REOVET 39 LF. A neutral barium

di nonyl napht hal ene sul fonate did not affect the properties 5 of the
present ipvention, but did have a slight tepdency to de-gel one of the
gel- conpositions. A copper passivator which is a liquid copper

triazol e derivative was used wi t hout any adverse affects. Mny

anti oxi dants are known in the I ndustry; particularly preferred
are the 10 antioxidants sold under the trademark | RGANOX (G ba- Gei gy
Corp.), but it is not intended that the scope of the i nvention be

restricted only to corrp05| tions includi ng t hat particul ar ant it .

e o o e RIEAoRArch | Bhel HTRERSHL B coyeRtieneb g0,
make cdble filled %"{SHdPEPb!:y 1essanwberleE¢WsarQqutk@bI$ﬁéhﬁd pke dthpresamesses

for making ETPR extem/ 8t B5PLihid bed ﬁﬁbllmstbawyepspimenarmm | Mot
conduct ed at a | te t.ur S L Ovol ves d gh PSS 20
of wires through e har‘rﬁ QP i XQ%roﬁeV\l)}l K Q%q_?‘ sht OJfl in ESIXM(gt)]sﬁt?bon
extruded onto Bhe Wighes, paégiﬁ%lgalt heoidisr egre “%‘Fﬁf OLth efu§itEPﬁg ﬁ’?@'é‘?étseand

then applying a Wr@cnmmgyto THE thixobidsll e agbntoadedhvi €5 .compbeivwiappad

ibﬁ”d' e (or severaly,, ca“b‘ff PRGd (RUNELESLAd SiANGR 19hAWR A NERYOL; 2 SeeoNd di e
gel and therefore do not depend exclusively on-synthetic
microcrystalline wax andfor rubber to prevent oil

10 migration. Consequently, as the temperature to which the
cable is exposed increases, less oil is free to migrate
into the cells of the insulation. Because the thixotropic
property of the gel allows the cable Lo be filled.: at
ambient temperature (as compared to the “1ncreased3”

15 temperatures requxred for: ETPR- and PEPJ-filled cables),:
there is no 1nlt1a1 heat - soak to begin mlgratlon of Oll;
into insulation. The result of the reduced tendency of the
gel composition 'which fills the cable of the present .
invention to migrate into the polyethylene insuletidh

20 prevents the gel composition from imparting additional’
stress to the insulation as  opposed to ETPR compounds.
Lower stress levels within the insulation results in
reduced cracking of the insulation over time. The
decreased mobility of the oil component of the gel

25 composition also decreases the cell filling phenomena and
therefore mitigetes capacitance cﬁange.

An additional benefit of the decreased mobility of the
0il component of the composition which fillsrthe cable of
the present invention is of particular benefit when the

30 cable is used as eerial cable. As noted above, when PEPJ-
and ETPR-filled cable cools after being filled at 230°F,
small voids aré{leté as a result of the varying degrees of
thermal contract;eﬁ'bf the components of the'céble. Mobile
oils in such filfzng compounds tend to accumulate-in these

35  voids, a process which is accelerated by the 80°C and

higher interna) temperathres whlch aerial cable <can

et
the t.'ep%a.cement she
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25 which a second |ayer of t-he gel conposition is extruded onto the

bundl es i'f desired and a sheath or jacket is then appl i ed.

The fol | owi ng are exanpl es of different cqgbiLnations of gel matrices
and m xtures which thicken to produce a gel 30 matrix which is
appropriate for wuse wth the water absor bent pol yner having
pendent ani oni ¢ groups. The exanpl es of conpositions prepared in
accordance with the i nvention are not intended to limt the scope of
t he invention and -are instead illustrative of a nunber of 35

di fferent conpositions which can be used to practice the I NVeRp@Ro

- 17 -

develop. Further, the oils tend to accumulate in the voids

in the lower parts of the cable, a phenomenon which can

actually vary the 1local concentrations of the various

component ingredients of the cable, affecting the

5 electricals and exacerbating the above~-described

aging/cell-filling processes. Not only does the decreased

mobility of the oils of the filling compound which is

utilized in the cable of the present invention help avoid

these problems, but there are no thermally-induced voids in

10 which the o0il accumulates since the cable is filled at
ambient temperature.

The filled cable of the present invention is also
characterized by another advantage which distinguishes the
cable of the present invention over that filled with, for

1S instance, ETPRs or PEPJs. The capacitance change due to
changes in ambient temperature as a result of the
temperature dependency of the dielectric constant of the
£illing compound is mitigated as a result of the inclusion
of the watér absorbing polymer. This temperature
20 dependency results from a decrease in the spacing between
conductors as temperature decreases. This reduction in
space would be expected to cause an increase in capacitance
in the case of cables filled with ETPRs or PEPJg. However,
the gel composition which fills the cable of the pre#ent
25 invention is engineered so that an increase in dielectric
constant of the.qel mitigates the effect of temperature.
The polyolefin insulation and oil carrier of the filling
compound have relatively constant dielectric constants;
addition of the water absorbing polymer, which has a
30 temperature-affected dielectric constant, has .the result of
maintaining an effective dielectric constant which |is
stable over the expected operating temperature range of the
cable by offsftting, or mitigating, the <changes in

dieletric constant resulting from thermal cxpansion and/or
35 contraction.

Thizoa the replacement sheet
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A 25 pair, 24 gauge telecommunications cable
manufactured for Applicant by an established, domestic
cable manufacturer which includes the gel - composition of
the present advantage has met and exceeded the above-
described industry standards for cable performance. For
instance, one section of such cable that is just two feet
in length has withstood about fifty (50) feet of water head
(simulated with 23-25 psi air pressure on water) for about
twenty-four (24) months, and another section of such cable
that is five feet long has withstood sixty (60) feet of
water head for about twenty six (26) months without passing
any water. Those experiments are on-going such that it is
possible that this level of performance will continue for
an indefinite, additional period of time.

' The water absorbent polymers which are suitable for
use in connection with the filling compound of the cable of
the present invention are those with a hydrocarbon chain
backbone and pendent anionic groups on the hydrocarbon
chain, and are preferably polymers of non-naturally
occurring monomers so as to be less susceptible to
bacterial degradation. The anionic groups can be
carboxylate, sulfate, phosphate, sulfonate, phosphonate, or
any other anionic groups which will form a negative charge
on exposure to water, polycarboxylates being preferred.
The preferred carboxylate polymers are those made from o, f-
ethylenically unsaturated mono- and dicarbgxylic acids
and/or anhydrides - such as propenoic acids, a-
methylpropenoic acids, fg-methylpropenoic acids, maleic
acids, fumaric acids and the respective maleic and fumaric
anhydrides. Particular success has been achieved using a
polymer of 2-propenoate commonly referred to as
polyacrylic, or propenoic, acid the anionic carboxylate
groups of which, when exposed to aqueous conditions, yield
a strongly negative charge along the polymer chain. The

salt form of these pdlymers can be used with a variety of

ions including, but not Timited to alkali metal ions such

s e rgpiacement sheet
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15 Example 1 In a presently

preferred-enbodi nent, a conposition for filling a cable in accordance
with:the dresent invention is 20 nmade rl accordance wth the
folllowing formula (all percent ages wei ght) : base oi l
(N-1500 HT, Penreco) 0 79. 2% : t hi xot r ope

t her nopl asti ¢ rubber (KRATON 25 . GL701X, Shell Chem cals
Corp.) 1.5% funed silica (Cab O Sil TS720) . 2.0%
and Cab-OSil M5, Cabot) L 4:0% -+« polymer (FAVOR 960,

Cheni sche Fabri k ckhausen GrbH) 12, 0%

30 ant i oxi dant (I RGANOX 108547 Ci ba- Gei gy Cor pPATENT
0 _
nThe ol 1 i ng 15 SSPEbmeiod it sbREEEL M U DBYERCRCEL S

as magnesjiunm, ca1c1u_;*stront1um, barjium, zinc or alhmlnum
The salt used will. depend on the valency of the anionic
group attached to’ the hydrocarbon chain backbone.

5 Although the preferred water absorbent polymers are
polycarboxylates,=: other - superabsorbent polymers of
acrylates,J_acrylamldes, metheerylate, methacrylemide,
acrylonitrile,’ methacrylonltrlle, diacrylate, and starch
graft polymers of those polymers (such as a . starch-

10 polyacrylonltrlle graft polymer) may be used to advantaqe.
Such polymers are;resxstant to bloloqlcal degradatlon over
a long perlod? ime

. COnsequently, polymers of: these.'
,g"monomers ‘are collectively referred '
hon-blodegradable" throughout’ thlsl

non-naturally_”m_
to as bein
15 spe01flcat10n.;a

orﬂlnstance, the polyacrylic acid polymer_
described above has ‘been demonstrated to be resxstant to
_degradation over a'"'“perlod ‘of - several years; controlled"ﬁ'

experiments with~that~polymer have shown no degradatlon :or
over one year. :dﬂﬁ S
20 The water~ab§orbent;poljmer is incorporated into the
gei composition in concentrations ranging from about 5 to
about 33% by weight of the final composition, depending
upon the particular polymer |utilized. Although
satisfactory results have been obtained with compositions
25 includiné'concentrations of polymer at both ends of that
range (hence the use of the word "about" in’ descrlblng the
range), concentratlons of from about 6 to about 20% are
preferred, and in the case of the preferred polyacrylic
acid polymer, a concentration of from about 8 to about 15%
30 is preferred. - | ' )

Selectlon ofvthe partlcular polymer, and the specirxc
proportion of the_polymer that is selected, depends upon
the desired degree of change of dielectric“constant in the
gel compaosition of the cable of the present invention. In

35 other words, different polymers ‘affect the change in
dielectric constant resulting from changes in the

- | This is the reptacement sheet
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base oi

65-82% 35 thixotrope (in

vari.ous conbi nati ons of silica, thernoplastic rubber, and
organophidic clay) - 13 - 6-1.4% pol ymer
10-20% ant i oxi dant : _ 0.05-1.5%
In a particularly preferred enbodi ment, the polyner is

the gel matrix, and the gel thickened, by use

- 18 -
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PATENT
temperature to which the cable is exposed, as do different
proportions of the polymer. It is generally desired to
select a polymer (and a proportion of that polymer) which,
when incorporated into the gel composition, gives a
dielectric constant for that composition which ranges
between about 2.2 at 25°C up to about 2.3 at 65°C} but
those skilled in the art who have the benefit of this
diSclosure will recognize that the type of polymer and/or
its proportion may need to be modified for use in
connection with, for instance, aerial cable which may reach
temperatures of above.80°c. Selection of the particular
polymer utilized, and the proportion of that polymer, is

. made by experimentation in accordance with the test

described in Example 7, below. As the data set out in that
Example illustrate, the preferred cable of the present
invention is filled with a composition having a dielectric
constant which varies by about -5.15% at -3°C up to about
+5.69% at 60°C, using 25°C (and the approximate dieclectric
constant of 2.2) as the nominal “zero“ point.

A number of compositions which are gels or can be
thickened to form a gel have been used as a gel matrix.
The gel matrix must be relatively nonconductive to a small
direct current, e.g., have a low dielectric constant. fThe
matrix should provide a fairly uniform dispersal of the
anionic hydrocarbon polymer in the gel. The viscosity and
composition of the gel is varied depending.on the method
used to introduce the composition into the
telecommunications cable and the temperature 'and conditions
under which the cable is manufactured. _

The gel matrices used in this composition include
silicones, petréleum gels, high viscosity esters, glycols,
polyglycols, olefins and fluorocarbons. All such materials
and/or mixtures are referred to collectively herein as
dielectric oil gel Q?trices. Mixtures including napthenic

and paraffinic oils are presently preferred for use as gel

matrices in the composition of the present invention but

D 29 JUN 1998
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PATENT of hydraulib shear force using a colloid mll in a

cont’i nuous process for producing the conposition. The conposition is
t hen used for filling a cable in the manner descri bed above. 5

Exanmpl e 2 The ability of the filled cable of the present

invention to mtigate tenperature related changes in - capacitance is
further illustrated by the follow ng datass . An ATG was formul ated from

t he sane conponents and in the 10 sane proportions as set out in Exanple |
but substituting a FAVOR 944 water absorbing polymer for traTEdYOR 960
pol ymer and utilizing the colloid mll for thickening of t he gel.

Using 25[ err] Cthesehekiided" ipoitite, afte pee bawve the dleamfetiaftisbis
diel ectric congfagiodird Neigel ré@yntiben chic BRSHERY 2nslical fatduadbedqas

. . : . .
fgllOMB. I? ?éa{igé%§;%§LLL8»to'Qégyiggge[n ggé%é?%h%'ﬁyé%ﬁﬁﬁ?%ggﬁ 20
25 must be free of impurities which could corrode the

5 conductors in the cable.

The gel matrix is used to advantage in concentrations
ranging from about 40 to about 92% by weight. The
preferred concentrations, depending on the particular
material, range from about 70 to about 85% by weight.

10 Thixotropes are used to achieve a desired viscosity.
Suitable thixotropes include those known in the art for
thickening petroleum oils, fluorocarbons, waxes,
petrolatums, gels and greases, and can include such
materials as ethylene and .polyethylene microspheres.

15 Typical thixotropes for gels and greases are pyrogenic or
fumed silica (e.g., CAB-0-SIL, Cabot Corp. and AEROSIL,
Degussa Corp.), organopﬁilic clays such as bentonite (e.qg.,
BENTOLITE, Georqia Kaolin Co. and BENTONE and DBARRAGEL,
N.L. Industries/Rheox) and hectorite, soaps such as metal

20 stearates, and ureas. The amount of the thixotrope which
is utilized depends upon the viscosity desired, the
particular gel matrix with which the thixotrope is used,
whether. an extender is utilized and the specific
thixotrope. Generally, the thixotrope is used in a

25 concentration of from about 1 to about 15% of the gel by
weight,-kith approximately 4 to 8% being the preferred
concentration. For 4instance, 1if a styrene-ethylene-
propylene block co-polymer is used as the extender, the
preferred concentration of the thixotrope is about S%, but

30 concentrations of from about 1 to about 8% have been used
to advantage. If microspheres of either low density
polyethylene, high density polyethylene or ethylene vinyl
acetate copolymer are utilized as the thixotrope in, for

instance, a dieléEtric oil gel matrix, the preferred

35 concentration is about 10% by weight. However, such :

thixotropes have been used in concentrations ranging from !

Tiis is-the replacement sheet
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20 35 ' 2.59 45

4. 26 . 55 5.18 60

5. 69: Tt - Exanple 3 25 El ectrical performance
of the cable of the present . invention was tested in the follow ng
manner .. In a prelimnary experinent, twi sted pairs of 26 gauge

f oam skin I nsulated wires were imersed in beakers containing the .

conposition nade in accordance wth Exéﬁpre | and two 30 commercially
available ETPRs at 60[err] C and capacitance measured as patEM¥EL i ON
of ‘tine. The results are shown in Fig. 1. As can be seen; the ATG of
the present i NVenribont .5 ' up Wae moBtstlHs esudnessitid LFTPRSEL: & . __petrOIemﬂ'he

capaci tance of t ri‘)‘%dQUdﬁrwnt Coal £9r0f § h¥arde pa'arllphat.\. e%aﬁ’t.ﬁ@n%
gauge solid insulation,:one cable filled
parafflns, or a mixture of the two parafflns s U§ed as a

gel matrix, the amount of thixotrope added'ranges from
S - about S5 to about 10%. When silica is used”as_o:thlxotrope

. with ‘such oxls, the concentration used is betﬁeen about 4

~and: about 8%, ‘the preferred concentration being about. 6%.

. The thlxotrope is used to prepare gel composxtlons

with desired- vxscosxtles of from about 1. 2 to about 1.8

10 million centlpolses at 25° C. To counteract the tendency
of the 011 component of the filled cable of the ‘present
1nventlon to swell the insulation around the:conductors and
migrate into the cells, it 1is preferred. that . oxls of

_réiééi“_'éﬁiy h"iqn ‘molecular weight must.iibe . utilized.

15 Preferably oils hav1ng a molecular welght etween about
400 ‘and about 1000 are utilized; if théﬁ _leotrlc gel’
matrix' is formulated with an extendes 'such ' as  a
_mlcrocrystalllne_ polyethylene  block  ' olgnor;f,;or
thermoplastlc rubber, oils having a molecula

jeight as low

20 as about 200 may also be used to advantageito glve the

desired - v1scoslty.- Such o0ils are avallable from, for

instance, Penreco Corp. (1.e., N1500 HT, havxng a molecular.

weight of about 520), Shell Corporation (available in

several molecular weights, including a molecular weight of

25 400 which has been utilized to advantage), Amoco (e.g.,

Amoco i1 having a molecular weight of 400), Ekxon.(TUFFLO

30 (wolecular weight of 460 t 10) and TUFFLO 50 (molecular
weight of 370 % 10)). o

In addition, a corrosion inhibitor and antioxidant are

30 added to the conmposition of the present invention.

Suitable cdrroéion inhibitors include certain corrosive

inhibitor§ which are typically used in greases which were

found - to have no effect on the watef“_absorbency or

insulation’ characteristics of the poly_

6t of the gel
35 composition. The rust inhibitor(s) muét be ‘¢chosen with

care because those which axe of acid character may

; is {ne replacemgnt sheet
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PATENT
with the ATG of Exanple 6 and the other with a commercially avai l abl e
ETPR, wer e nmeasured as a function of tenperature. The data is shown
in Fig. 2. As can be seen, the capaci tance of the ETPR fill ed
cabl e decreases with 5 increasing tqgﬁerature while that of the ATGfilled
cabl e remains relatively |evel. e relative stability of the ATG
filled cable appears to result fromthe sel ection of the water
absorbent polymer, the thixotrope, or a conbi nati on ATHY yner and

t hi xot rope whi ch, when u ed
P neutralize € e§ELct of the polymer preferred inhibitors

are those sold under the REOMET (Ciba-Geigy Corp.)
trademark such as REOMET 39 LF. A _neutral barium -
dinonylnaphthalene sulfonate did not affect the propefties
5 of the present invention, but did have a slight tendency to
de-gel one of the.gel compositions. A copper passivator
which is a liquid copper triazole derivative was used
without any adverse affects. Many antioxidants are known
in the industry; particularly preferred are. the
10 antioxidants sold under the trademark IRGANOX (Ciba-Geigy
Corp.), but it is not intended that the scope of the
invention be restricted only to compositions including that
particular antioxidant.
The cable of the present invention is made with
15, conventlonal cable fllllng equlpment in the manner in which
' that equipment is utilized to make cable filled with PEPJS
and/or ETPRs. Unlike known prior processes for making ETPR
and/or PEPJ-filled cable, however, the groccss_iS'conducted
at ambient temperature. The process involves drawing pairs
20 of wires through a chamber and die in which the gel
composition is extruded onto the wires, passing the wires
through a sizing insert and then applying a wrapping to the
bundle of coated wires. The wrapped bundle (or several.
wrapped bundles) is then drawn through a second die in
25 which a second layer of the gel composition is extruded
onto the bundles if desired and a sheath or jacket is then’
applied.
~ The follow1ng are examples of dlfferent ‘combinations
of gel matrlces and mixtures which thicken to produce a gel
30 matrix ‘which is appropriate for wuse with the water
absorbent polymer having pendent anionic groups. The
examples of compos1tlons prepared in accordance wlth the
invention are not ‘intended to 1limit the scope of the
invention and are instead illustrative of a number of

35 different compositions which can be used to”practicé the

invention. ;



10 rmake the ATG of the present invention, results in an i ncrease
in the dielectric constant of the ATG The t enper at ur e- dependent
increase in the dielectric constant of11he ATG nmitigates the decrease
in the capacitance of the cable resulting fromthernmally-induced
expansion of the 15 spaces between the wres of the cable. In a
preferred enbodi nent, the polyner, thixotrope, or the conbination of
t hi xotrope and polynmer, are selected so as to cause an increase in the
di el ectric constant of the ATG by about 4 to about 6% dependi ng upon
t he specific polyner and polynmer 20 concentration, over -a tenperature
range of about 40[err] C. Exanpl e 4
The ability of the cable of the present invention to .. nmeet and/or
exceed gurrent requi renents for cable el ectricals was denonstrated
in the followng manner. 25 Table | contains the electrical data for the
50 pair super- unit of a AFMW 200 cable containing an ATGfilling
conmpound manuf actured in accordance with Exanple 1 , above. These
data are typical of filled cable and fit confortably within t he range
required by industry specifications. The value 30 of RRCratio for the
cable was 0.0173 (0.0200 is passing) ' '

10

15

Example i . .

In a presently preferred embodiment, a compééition for

filling a cable in accordance with the-present.invéntion is

20 made in accordance -with the following formhlé (akl
percentages by weight): |

base o0il (N-1500 HT, Penreco) 79.2%
thixotrope
thermoplastic rubber (KRATON
25 G1701X, Shell Chemicals Corp.) 1.5%
fumed silica (Cab-0-Sil TS720) 2.0%
and Cab-0-Sil M-5, Cabot) 4.0%
polymer (FAVOR 960, Chemische Fabrik
. Stockhausen GmbH) 12.0%
30 antioxidant (IRGANOX 1035, .
- Ciba-Geigy Corp.) 1.3%

In various formulations, these ingredients have been varied
in the following proportions:

base o0il ' 65-82%
35 thixotrope (in various combinations
of silica, thermoplastic rubber, and

organophilic clay) 6-14%
polymer 10-20%
antioxidant .. _ 0.05-1.5%

40 In a particularly preferred embodiment, the polymer is
dispersed in the gel maErix, and the gel thickened, by use

LTI
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of hydraulic shear force -using a collgoid ﬁill in a
continuous process for producing the compoSition. The
composition is then used for filling a cable in the manner
described above.

Example 2.

The ability of the filled cable of the present
invention to mitigate temperature related changes in
capacitance is further illustrated by the following data. .
An ATG was formulated from the same components and in the
same proportions as set out in Example | but substituting
a FAVOR 944 water absorbing polymer for the FAVOR 960
polymer and utilizing the colloid mill for thickening of
the gel. Using 25°C as the "zero" point, the per cent
change in the dielectric constant of the gel was then
measured and calculated as follows:

Temperature (°C) 3 Change in Dielectric Constant

-3 . -5.15
14 - -2.20
25 ) —
5 2.59
45 . 4.26
55 5.18
60 . 5.69

Pl

Example 3
Electrical performance of the cable of the present

invention was tested in the following manner. In a

preliminary experiment, twisted pairs of 26 gauge foam-skin

insulated wires were immersed in beakers containing the
composition made in accordance with Example I and two
commercially available ETPRs at 60° C and capécitance
measured as a function of time. The results are shown in
Fig. 1. As cah be seen, the ATG of the present invention
was more stable than the ETPRs. '

The capacitance of the b]ue;whitejpairs of two 25 pair

cables with 24 gauge solid insulation, one cable filled

This is the replacement sheet
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mut ual cap. 83.53 1.37 86. 30 80. 99 (nF/mle)
attenuatjon 5.30 0.04 5.41 5.21 5 (dB/ Kf)

Exanpl e - 5 " The resistance of thé&% nsul ation of the cable of the
present invention to the oxidative cracking described above S
denonstrated by the following data. Cables filled with 10 the ATG
conposition of Exanple 1 were tested for oxidation by aging for
various periods and nmeasuring oxidation i nduction time (OT). The
test instrunment was a Perkin- El mer DSC4 using the Mbddel 3700 Data
Station. The test: procedure was per Bell.core specification

TA- NWT- 000421. 15 In the first-test, a 50 pair 24 gaugePABENR skin
cabl e filled with an ATG made in- accor dance Wi th Exanple 6 was a
for four weekd®8t "i?)["érlcr pfExanple GAnddthe REREH ‘é’tt'EGOf'nBF'fﬁCla efore
and after agiewgildbke tBOPR, OFersd aeakuzead iaon apaohegeon of giepderatuhe.

i nsul ati on WaReNQfaddNOND, diQfunWafn t Bggcabl &' s R0 dali Opet heiell distory.
In the second test, three cabl es,
capacitance of the 'ETPR filled cable decreases with
5 increasing temperature while that of the ATG-filled cable
remains relatively level. The relative stability of the

ATG filled cable appears to result from the selection of

ged

the water absorbent polymer, the thixotrope, or a
combination of polymer and thixotrope which, when used to
10 make the ATG of the present invention, results in an
increase in the dielectric constant of the ATG.  The
temperature-dependent increase in the dielectric constant
of the ATG mitigates the decrease in the capaciﬁance of the
cable resulting. from thermally-induced expansion oOf the
15 spaces betweeh the wires of the cable. In a preferred
. embodiment, the polymer, thixotrope, or the combination of
thixotrope and polymer, are selected so as to cause an
increase in the dlelectric constant of the ATG by about 4
to about 6% depending upon the specific polymer and polymer
20 concentration, ovef a temperature range of about 40° C.
Example k- .
_ The ability of the cable of the present invention to.
meet and/or exceed current reguirements for -cable
electricals was demonstrated in the following manner.
25 Table I éonﬁains the electrical data for the 50 pair super-
unit of a AFMW 200 cable containing an ATG £illing compound
manufactured in accordance with Example !, above. These
data are typical of filled cable and fit comfortably within
the range required by industry specifications. The value
30 of R/C ratio for the cable was 0.0173 (0.0200 is passing).

| This is the replacement sheet
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one filled with ATG made i n accordance with Exanpl el and

different ETPRs, were evaluated at 200[err]

70[err] -C. Al
conduct ors.

the sane wire

not

col or

known.

i nsul ati ons.

t hree cabl es were 50 patr30 -
The insul ated 25
production run.

conductors in al

Agai n,

two with
agi ng two weeks at
26 gauge foam skin insul ated
three cables were from

C after

the stabilization packages were

The data for both tests are shown in Table II. Al
val ues reported represent the average of one run on each of the ten
' -21-
PATENT.
Table I
Average | 8td. Dev. Ind. Max. | Ind. Min.
mutual cap. 83.53 1.37 86.30 B80.99
(nF/mile)
attenuation 5.30 0.04 5.41 5.2)
(dB/Kf) '

10

15

20

25

Example 5
The resistance of the insulation of the cable of the
present invention to the oxidative cracking described above
is demonstrated by the following data. Cables filled_dith
the ATG composition of éxamplel were tes;éd qu oxidation
by 'agin§ for various periods
induction time (0OIT).

and measuring oxidation
The test instrument was a Perkin-
Elmer DSC4 using the Model 3700 Data Station. The test
procedure was per Bellcore specification TA-NWT-000421.

In thé first test, a 50 pair 24 gauge foam-skin cable
filled with an ATG made in accordance with Example 6 was
aged for four weeks at 70° C.
before and éfter aging.

OIT was determined at 200°C
The type of stabilization package
used in the insulation was not known, nor was the cable's

prior thermal history. In the second test, three cables,

one filled with ATG made in accordance with Example! and
two with different ETPRs, were evaluated at 200° C after

aging'two weeks at 70° C. All three cables wvere 50 pair,

26 gauge foam-skin insulated conductors. The insulated
conductors in all three cables were from the same wire
production run.

Again, the stabilization packages were not
known,

The data for both tests are shown in Table II. All
values reported repfésent the average of one run on each of
the ten color insulations.
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PATENT Table 11 Oxi dati ve

I nduction Tine of Foam Skin . I nsul ation @ 200[err]
C . "= ) | nduction Tine, m—mn2l@200[err] C
Test 11 Test #2 4 \Weks Aging @70[err]C 2 Weks Aging
@70[err]C5 Filling Av. Std. Dev. Av. - Std. Dev.
Conmpound ATG 53.7 7.4 64.1 4.6
ETPR | - - 53.5 8.7
PATENT
Table II
Oxidative Induction Time of Foam-Bkin
Insulation @ 200° C
Induction Time, min. @ 200° C
Test #1 f Test #2
4 Weeks Aging @ 70°C 2 Weeks Aging @ 70°C
5 Filling Av. std. Dev. Av. Std. Dev.
Compound .
ATG 53.7 7.4 64.1 - 4.6
ETPR I ' - - 53.5. 8.7
| ETPR 11X - - 46.3 6.3
10 * k k * %

.Although the invention has been described in terms of

a number of examples setting forth prefefred embodiments
thereof, those skilled in the art who have the benefit of
this disclosure will recognize ‘that changes may be made in

15 the compositions described in these various examples
without changing the manner in which the various components

of the gel composition of the present invention function to
accomplish the results achieved by these compositions.

" Such changes might, for instance, take the form of small

20 variations in the proportions of the various components,
the substitution of some substance having a siwmilar
function not mentioned in the specification for one of the
components of the Qel composition, or the addition of a
substance to one of the gel compositions described. Such

25 changes are intended to fall within the spirit and scope of
the present inventiﬁn as set out in the following claims.

-
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ETPR |1 - - - 46. 3 6.3 10 Al t hough
. the invention has been described in terns a nunber of exanples
_ahotlng forth preferred enbodi ments - tﬁereof__-mnﬂ~ k==t he art
; have th%‘sﬁeﬂﬁél t of thisdisctostre wil msgﬁE‘fﬁAﬁrﬁtﬁ“banges may
be made in co bed inj thesﬂEPhPé?rﬁQ)us @xanpl es
w t hout changing the ngﬁm, m am vari ou t he gel
conposition of the present a nwen |oa ction to acconpllsh the results

achi eved by these conpositions. Such changes m ght, for instance, take
.the formof small 20 variations in the proportions of the various

conmponents, 3, heAs&@féeéﬁmﬂﬂcshéﬂgﬁ:mmwaghaéuaalaeaynstasle
function -not nentjoned in ,the specificagtion for one of onents
of "the gel  CBNEESHL | GAPA6A CARS D FERA S, & PLURAIHEe 96 oRRLERd: e
gel conposi t¢<§m$udeeﬁgl bgeisulattdbn25urebandéngasaid npaided ¢onfattonit hi n
the spirit aanzgI S§ O‘an ping rohgﬁ %szﬂéuigggat ' Bglﬁédsgénﬁ’ﬂétbgst, hghe

foll owi ng clains
. spaced therebetween being filled with a composition having

a dielectric constant which increases as the temperature to
which the cable is exposed increases, thereby mitigating
the decrease in the mutual capacitance of the cable
resulting from the expansion effect of increased
temperature and of aging on the paired conductors,
insulation, and wrapping, the composition being comprised
of a dielectric base oil, a water absorbing polymer, and a
thlxotrope.

2. The telecommunications cable of Claim 1 wherein the
composition is formed by mixing about 70 - to 85 weight
percent dielectric base oil, about 1 to 15 weight percent
thixotrope, and about 6 to 20 weight percent water
absorbing polymer.

3. The telecommunications cable of Claim 2 wherein the
dielectric base o0il is comprised of a hydrocarbon oil

having a molecular weight of about 200 or higher and an
extender. - ' '

4. The telecommunications cable of Claim 3 wherein the
extender is a block co-polymer, thermoplastic rubber,
polyethylene powder, microcrystalline wax, or polyethylene
or thylene microspheres, or mixtures of same.

5. ‘A method of maintaining relatively stable mutual
capacitance in a télecommunications cable comprising a

plurality of pairs of insulated conductors and a
L

s is the. replacement shedt
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composition in the spaces between the bvairs of insulated

" wires comprising the steps of exposing the chble.to an

increase in temperature, thereby causing thermal éxpanéion
of the cable with a concomitant decrease "in the effective
dielectric constant of the cable, and increasing the
dielectric constant of the composition in the spaces
betwéen the pairs of insulated wires as temperature
increases, thereby substantially offsetting the thermally-
induced decrease in the mutual capacitance of the cable.

6. The'method of Claim 5 wherein the composition is
comprised of a dielectric base o0il, a thixotrope, and a

'water absorbing polymer, either the thlxotrope or the water

This Sheet Has

LT

absorbing polymer, or the thixotrope and the water
absorbing polymer, having been selected so as to cause a
temperature-induced increase in the dielectric constant of
the composition. |

7. A wmethod of making a telecommunications cable
having an effective dielectric cdnstant.whiéh is a function
of‘ temperature ‘and which thereby mitigates temperéture
induced changes in the mutual capacitance of the cable
comprising the steps of wrapping a plurality of paired,
insulated conductors into a bundle, filling the spaces
between ﬁaireq, insulated conductors in the bundle with a
composition'havinglé dielectric base o0il as one component
thereof, mixing a thixotrope and a watér absorbing polymer
into the composition before filling the spaces, and
selecting the thixotrope or the water absorbing polymer, or
both the thixotrope and the water absorbing polymer, so as
to cause an increaée in the dielectric constant of the
composition when the* temperature of the composition is
increased. ' o

——
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pai red canductors, the space 't her ebet ween bei ng filled wwth a conposition
chargacterised in t a bl e has a substantlally stable nutugL,/»*“’f

cabacitancﬁ,m,S aired conductxars, said conp \

dielectric 'ZI ncreases as the tenperat urh e
s hes \ =

of increased

i s exposed fnctr e&ses by mtigating the decreaseli
capaci tance of the cable resulting fromthe expansion

tenperature on the paired conductors, insulation, and wapping, the said
conposi tion being conprised of a dielectric base oil, a water absorbing
pol'ymer, and a t hixotrope. 2. The cable of Caim1, wherein the water

absorbing polyner is in the range of about 5 to about 33 wei ght percent of
the composition. )

8. The method Claim 13 wherein a plurality of bundles
of paired, insulated conductors are bound together with a
sheath, and wherein the spacesl inside the sheath and
between the bundles are also filled with the composition.

9. The use of a éomposition comprising a dielectric
base oil, a water absorbing polymer and ‘a thlxotrope as a
fllllng in a telecommunlcatlons cable to prov1de the cable
with a substantially constant mutual capacitance over a
wide temperature range. |

10. The use of a composition according to Claim 9
wherein the dielectric base o0il is comprised of a
hydrocarbon oil and an extender.

e ———
Tt —
—_—
——

This Sheet 1
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3. The cable of Caim1l or 2, wherein the dielectric oil is in the range of
about (65~ t 0 about 82 wei ght percent of the conposition. 4. The cabl e of
Caimi, 2 or 3, wherein the thixotrope is in the range of about 1 to

about 15 wei ght percent of the conmpositionr.25 5. The cable of C aim4,
wherein the thixotrope is silica and is in the range of about 4 to about 8

wei ght percent of the of the conposition.
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REGISTRAR OF PATENTS, SINGAPORE
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Singapore 189554.

Dear Sirs,

Re : Singapore Patent Application No. 9501733-1
“FILLED TELECOMMUNICATIONS CABLE HAVING TEMPERATURE
STABLE MUTUAL CAPACITANCE”
Waterguard Industries, Inc.

The information prescribed bg' Section 29(4) and Rule 44 was filed on 21* February
1997 with our letter dated 19™ February 1997. We look forward to receiving your
usual notification of receipt '

We file herewith, three copies of an amended set of claims 1-11, conforming to the
claims of the applicant’s European patent application.

Form 13 is also enclosed.

Yours faithfully,
- HENRY GOH & CO. SDN. BHD.

Dave A WY N

DAVE A. WYATT
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9 The tel ecomuni cations cable of d ai m 8, wherein th
CO p0| ymer,_thernoplastic rubber, polyethyl ene powder, ||

or polyeth | ene or ethyl ene m crospheres, or m ) E 0.
A rret hod of ﬁwlﬁmﬂﬂ H H'ﬁunl cations cable conpri SEYI"I t he ste
wrapping a p I nsul at ed conductors ¥nfo &7W i ng
t he spaces bét ween palred I nsul at ed conductors in thel bundle
conposition conprising a mxture of axdelectric bage oil
and a water absorbing polynmer, the thixotrope or th
pol ymer, or both the thixotrope and the water absorbing polyne

sel ected so as to cause an increase in the dielectric constant of the
conposition when the tenperature of QiIAMMSposition is increased

tender is a bl ock

1. A telecommunications cable comprising a plurality of paired conductors,
insulation surrounding said paired conductors, and a wrapping round the insulated,
paired conductors, the space therebetween being filled with a compbsition

" characterised in that the cable has a substantially stable mutual capacitance between
said paired conductors, said composition having a dielectric constant which
increases as the temperature to which thg cable is exposed increases, thereby
mitigaﬁng the decrease in the mutual capacitance of the cable resulting from the
expénsion effect of increased temperature on the paired conductors, insulation, and
wrapping, the said composition being comprised of a dielectric base oil, a water

absorbing polymer, and a thixotrope.

2. The cable of Claim 1, wherein the water absorbing polymer is in the range of

about 5 to about 33 weight perceht of the composition.

3. The cable of Claim 1 or 2, wherein the dielectric oil is in the range of about 65

to about 82 Weight percent of the composition.

4. The cable of Claim 1, 2 or 3, wherein the thixotrope is in the range of about 1 to

about 15 weight percent of the composition.

5. The cable of Claim 4, wherein the thixotrope is silica and is in the range of

about 4 to about 8 weight percent of the of the composition.
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6. The telecommunications cable of Claim 1, wherein the composition is formed
by mixing about 70-85 weight percent dielectric base oil, about 1 to 15 weight

percent thixotrope, and about 6 to 20 weight percent water absorbing polymer.

7. The cable of any one of the preceding Claims, wherein the dielectric oil is an

oil having a molecular weight in the range of 400 to about 1000.

8. The telecommunications cable of any one Claims 1 to 6, wherein the dielectric
base oil is comprised of a hydrocarbon oil having a molecular weight of about 200

or higher and an extender.

9. The telecommunications cable of Claim 8, wherein the extender is a block
co-polymer, thermoplastic rubber, polyethylene powder, microcrystalline wax, or

polyethylene or ethylene microspheres, or mixtures of same.

10. A method of making a telecommunications cable comprising the steps of

- wrapping a plurality of paired, insulated conductors into a bundle, filling the spaces

between paired, insulated conductors in the bundle with a composition comprising a
mixture of a dielectric base oil, a thixotrope and a water absorbing polymer, the
thixotrope or the water absorbing. polymer, or both the thixotrope and the water
absorbing polymer, being selected so as to cause an increase in the dielectric
constant of the composition when the temperature of the composition is increased

and which thereby mitigates temperature induced changes in the mutual capacitance

. of the cable.

pai r ed,
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11. The method of Claim 10, wherein a plurality of bundles of paired, insulated
conductors are bound together with a sheath, and wherein the spaces inside the

sheath and between the bundles are also filled with the composition.



