CABLE._GREASE COWVPCSI TI ON AND ARTI CLES | NCORPORATI NG SAME ’(ﬁﬁéhﬂlcgl
Field. The present invention relates to a CO"°'Q@h7US9U®~“B
parti cle f|WI%%F’Mﬂ6§ base conponent grease conposition and @

¥, -
contai ning optical fibeéer bundles, which~ Incl ude this grease conposition
t her i n. CABLE GREASE COMPOSITION AND ARTICLES INCORPORATING SAME

arttcles such as sheathed comuni cation cabl es, especially t &

Technical Field

The present invention .relates to a colloidal
particle filled polycl base component grease composition and
to articles such as sheathed communication cables, especially

s
those containing optical fiber bundles, which include this
grease composition therein.
Background of the Invention

10 A grease typically is a solid or semi liquid

substance which includes a thickening or gelling agent in a
ligquid carrier. Almost any oil having lubricating properties
may be used with a suitable gelling agent to make a grease.
Petroleum oils, fatty oils such as castor oil, polyalkylene

15 glycels, synthetic diesters, silicones, fluorocarbons and
polyphenyl ethers are all found in commercial lubricating
greases. (See, e.g., Braithwaite, "Lubrication and
Lubricants," Elsevier Publishing Co., 1967, pages 181-183 and
223-228). The gelling agent frequently used in greases

20 include fatty acid soaps, clays, silica, organic dyes, amides,
and urea derivatives. The gelling agent forms a network
structure in which the carrier is held by capillary forces.

When a low stress is applied through a sample of
grease, the material acts substantially like a solid. If a

og 5Stress above a critical value is supplied, the material flows
and viscosity decreases rapidly. This decrease in viscosity
is largely reversible since it is typically caused by the
rupture of network junctions between filler particles, and
these junctions can reform following the removal of the source
30 ©f the stress.

A desirable property of the grease is the absence of
syneresis, i.e., its ability to maintain uniform consistency.
Generally, syneresis is controlled by assuring dispersion of
an adequate amount of the gelling agent throughout the

35 composition.
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Background of the Invention A grease typically is a solid or

sem liquid substance whi ch includes a thickening or gell] 1 a
liquid car rWex92/0fbst any oil having |ubricatjng properties H?QL%E Be g
used with a suitable gelling agent to nake a grease. Pet rol eum oi | s,
fatty oils such as castor oil, polyal kylene 15 glycols, synthetic diesters,
silicones, fluorocarbons and pol yphenyl ethers are all found in
comerci al |ubricating greases. (See, e.g., Braithwaite, "Lubrication
and Lubricants," Elsevier Publishing Co., 1967, pages 181-183 and
223-228). The gel | i ng agenéréaseuconpasitsions hayecheed a9ednas uchbIaitfilling

reout T SpolPUpAFIRESLe0tes Goiafi At ARl cous 8 Eondetlepiioieg 3o
by cgpillagy ?orU&ig as for °pt£°akwﬁ§¥?fI9§ﬁyﬁﬁresg@§s BEE?PEd4t PP a
sanpl e of discloses a grease compositions comprising an oil, a gelling
5 agent’such as colloidal particles of silica or clay, and
optionally a bleed inhibitor. The oils which are disclosed as
being useful in a compositions of the patent include certain
naphthenic or paraffinic oils having certain specific
gravities and properties, poclybutene eils of similar specific
10 properties, triglyceride based vegetable oils, polypropylene
oil, chlorinated paraffin oils, and polymerized esters. The
- colleidal particle filler material preferably comprises silica
particles such as fumed silica or precipitated silica.
Preferred bleed inhibitors include styrene-rubber, styrene-
15 rubber-styrene, or other block peclymers, and/or semi liquid
rubbers such as high viscosity polyisobutylene. Other
ingredients such as thermal oxidative stabilizers may
optionally be present.
One disadvantage of the compositions of the above
" 20 cited patent is that relatively large amounts of silica must
be included to meet the appropriate service requirements for
the grease. Thus, relatively stiff greases are obtained which
are not entirely suitable for such fiber optic cables. 1In
particular, such stiff greases will affect attenuation
26 (microbending) of the fiber optic cable at relatively low
temperatures (i.e., below about 50°F). Furthermore, if the
amount of silica is reduced to lower the viscosity of the
grease, the shear characteristics of the formulation are
reduced to a value which is less than desirable. Moreover,
90 such a reductioen in silica often results in syneresis.
Accordingly, there is disclosed herein novel polyol
containiné grease compositions which are capable of providing
an optimum balance of viscosity and shearing characteristics
such that the compositions are entirely.suitable fo.' use with
35 fiber optic cables even at lower temperatures. In addition,
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grease, the material acts substantially like a solid. If a 25 stress above
acritical value is supplied, the material flows and viscosjt reases
rapi dly. TAWQI%98368ase in viscosity is largely reversible %‘JFWi’égf’@‘?@
typically caused by the rupture of network junctions between filler
particles, and t hese junctions can reformfollow ng the renoval of the
source 30 of the stress. A desirable property of the grease is
t he absence of syneresis, i.e., its ability to maintain uniform

consi stency. Ceneral ly, syneresis is controlled by assuring dispersion
of an adequatthesep FOrTylatiengeprevijde jerererking whcht hge3sapable of

conposi tion. passing the appropriate drip tests, paper bleeding tests, and
syneresis requirements for such cable filling greases.

Summary of the Invention
The present invention relates to a grease
composition for use as a cable filling material, comprising
between about 75 and 95 parts by weight of a base component of
a polyol, preferably of a polyethar, polyester or hydrecarbon
type, having a molecular weight of at least about 3,000 and
between about 2 and 20 parts by weight of colloidal particles.
The colloidal particles, which preferably include silica, clay
or mixtures thereof, maybe present in an amount of between
about 4 to 15 parts by weight, preferably 6 to 12 parts by
15 Weight and most preferably between 7 and 11 parts by weight.
The base component includes wide varieties of
polyols which have a molecular weight of at least about 3,000
up to as high as about 8,000. The preferred amount of polyol
or ester to be used in these cowpositions ranges between 80
90 and 95 parts by weight. The preferred polyols include any
polyoxypropylene glycol, diol, triol, tetrel etc., any
polytetramethylene glycol as well as polybutadiene or other
hydrocarbon polyols. Regarding the suitable polyesters for
use_in the present invention, included are esters derived from
o5 carboxylic acids, wherein the ester is liquid at ambient
temperature, has a hydroxyl functionality of at least 2, and a
molecular weight in the range recited above.
The compeosition may also include between 0.5 and 5
parts by weight of an antioxidant to improve the high
30 temperature properties of the grease composition. A preferred
antioxidant, Irganox 245, is used in an amount of éboqt 1 to
parts by weight.
The composition may also include a rubber component
in the amount effective to act as a blead inhibitor but in an
35 amount less than 15 parts by weight. Many different rubber

10
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2 Grease conpositions have been used as cable filling

mat eri al @gbﬁtgboﬁgnvent ional (electrical) comrunl cations aspPCI/ugsiro4aes f or
opti cal U.S. Patent 4,701,016 4 ~discloses a grease
conpositqons conprising an oil, a gelling 5 agent such as col | oi dal
particles of silica or clay, and optionally a bleed inhibitor. The oils
whi ch -are di scl osed as bei ng useful in a conpositions of the patent

i ncl ude certain napht heni ¢ or paraffinic oils having certain specific

gravities and prdljwdﬂé?ﬁ:s I%Qb)iblﬂsebﬂt 1| Bulbers) radme‘ﬁée?tbpgléﬁe rubber,

properties, tri ceride _base egetabl e |Is r.Q
chl orinated par %% Y108 PTORY eBSI gﬁﬂﬂ‘z 'ercgﬂy%‘fép SPPBFHaPt other
particle filler tlemmapdlagiicyeunhbey bbqpkleegobydexsacould be used.

Detailed Description of the Invention

° Polyol containing grease compositions of the present
invention are ideally suited for use in connection with the
filling of optical fiber cable, such as those disclosed in
U.S. Patents 4,645,298, 4,'701_.,016, 4,711,523 and 4,744,631,

10 To the extent necessary to understand the structure of such

cables, these patents are expressly incorporated herein by
reference thereto.
The present composition comprises at least two major

components, namely, (1) a polyol having at a molecular weight

15 ©°f at least 3,000 and (2) colloidal particles. If desired,
although not necessary for the invention, a bleed inhibitor of
a rubber polymer can be added to the previously described
components. Also, an antioxidant can be used to improve the
high temperature properties of the formulation. The preferred

20 pdlyols'of the invention include any polyether polyol
including polyoxypropylene glycol or polytetramethylene
glycol, diol, tricl, tetrol, etc. as well as any other
hydroxyl terminated poclyethers having the appropriate
molecular weight. It is also possible to use polybutadiene

25 diols, triols, or tetrols or other similar hydrocarbon
polyols. These materials may be used alone or in combination
depending upon the specific results desired. Polyester
polyols can also be used, including hydroxy terminated
Vegethble 0ils or other hydroxy bearing unsaturated

ap triglycerides, again provided that these components are
polymerized to the désired molecular weight of at least 3000.
One particularly preferred example of this type polyol is
‘polymerized castor oil.

The base component which may be used according to

35 this invention also includes polymerized esters of carboxylic

acids. These esters are liquids at ambient temperature and
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particles such as fumed silica or precipitated silica. Preferred bl eed
i nhi bitors include styrene-rubber, styrene- 15 rubber-styrene, or other

bl ock pol yners, and/or sem I|qU|d rubbers such as high viscosity
pol yi sobutyl ene. O her i ngredi ents such as-thermal oxidative stabilizers
may optionally be present. One di sadvant age of the

conpositions of the above 20 cited patent is that relatively |arge anounts

of silica e included to neet the appropriate service requirenents
for t he AR 1 hus, relatively stiff greases are obtained mhlch ...are
not entirel | e for such fiber optic cables. In part T
stiff greasg} ffect attenuation 25 (nlcrobendlng) of th C
cable at rel | ow tenperatures (i.e., below about 50 !
Furthernore, if the amount of silica is reduced to | ower LY

of the grease, the shear characteristics of the fornulatlon are i

reduced to a value which is |l ess than deS|rabI!. Mbr eover

have a hydroxyl functionality of at least 2. Hydroxyl
functionality as used herein is the average number of hydroxy!
groups per molecule of ester compound. As noted above, a
specific molecular weight of the overall hydroxy functional
g base component is necessary to achieve the desired results of
the invention, and this is obtained by polymerization or
esterification of the bifunction acid and a polyol at the
_appropriate mole ratios as known in the art.
The base component of the invention may also include’
10 polyhydric alcohols having a hydroxy functionality of 2 or
more and a molecular weight of between about 3000 and 8000.
Such compounds include various di, tri, and hydroxy bearing
compounds alone, mixed together, or combinad with other
polyols provided that the molecular weight of the mixture or
15 combination is maintained within the range stated above.
Castor oil is a naturally occurring trigylceride of
e ricinoleic acid. Castor oil is actually a mixture of mono-,
di-, and triglyercides and has an average hydroxyl |
functionality of 2.7. Other ricinoleic acid polyclesters
20 include glycol, polyglycol and other polyhydric alcohol mono-,
di~-, and polyesters of ricinoleic acid. These ricinoleic acid
polyol estérs can be made by methods well known in the art,
e.g., by direct esterification of ricinoleic acid with
alcohols such as ethylene glycol, glycerine, propylene glycol,

!g nCIUlEﬂﬁ 519!!1 iiéghylene glycci dipropylene glycol,

I 1 e shre
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30 such a reduction in silica often results in syneresis.

Accor di ngl X@%{%ﬁd s disclosed herein novel polyol cont alp%ngsﬁ(@@gg

conpositio are capabl e of providing- g an optimum bal ance o

vi scosity and shearing characteristics such that the conpositions are
entirely suitable for use with 35 fiber optic cables even at |ower
tenperatures. In addition, t hese formul ati ons provide

properties which are capabl e of

Castor o0il and the other ricinoleate esters may be
used provided that they are polymerized to the appropriate
molecular weight range of 3000-8000. Additional hydroxyl
bearing components which are suitable in the compositions of

5 this invention include one or more polyether polyols having a
molecular weight of at least 3000 up to about 8000.

The preférred polyether polycls are polyether diols,
and more particular polyoxypropylene diols. Generally, these
polyether diols are prepared by condensing a large aexcess of

o 30 alkylene oxide, such as ethylene oxide or propylene oxide
with a glycel, as is well known in the art. The glycol can be
a diol, such as the alkylene glycols, e.g., ethylene or
propylene glycol, or an ether glycel, such as diethylene
glycol.

15 Polyols such as PPG Niax PPG=4025 and PPG-3025,
Pluracel 1040 and the like are preferred. These have
molecular weights of approximately 3,000 or more.

As noted above polymerized castor oil having a
molecular weight of at least 3,000 is .one material which may

20 be suitable according to the present invention. However,
polypropylene glycols having a molecular weight of about 3,000
to 4,000 are the most preferred materials.

Among the colleidal particles useful in the practice
of the invention is colloidal siliea, either'hydrophilic or

25 hydrophobic, preferably a hydrophobic fumed silica having a
BET surface area between about 50 and about 40 mz/gm. An
exanple of a hydrophobic fumed silica useful in the practice
of the invention is a polydimethylsLloxane—coated fumed silica
having a BET surface area of about 80-120 m /gm, containing

30 about 5% b.w. carbon, available from the Cabot Corporation of
Tuscola, Ill., under the trade desiguat;dn Cab=0~Sil TS 720.
An exemplary hydrophlic ceolloidal material {s fumed silica
with a BET surface area of about 175-225 m?/gm, nominal
particled size 0.012 uym, specific gravity 2.2, available from

35 the Cabot Corporation under the trade designation Cab-0-Sil
M-5. Mixtures of these materials may also be used. Other
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passing the appropriate drip tests, paper bleeding tests, and syneresis
requi rements for such cable filling greases. Summary of on
The presen‘tVQWon relates to a grease . gogposition forpﬁig“)éas ‘ga%:%bl
fildiing -material, conprising bet ween about 75 and 95 parts by wei ght of
a base component of a polyol, preferably of a polyether, polyester or
hydr ocarbon 10 type, having a nol ecul ar wei ght of at |east about 3,000 and
bet ween about 2 and 20 .parts by weight of colloidal particles. The

coll oidal particles, which preferably include silica, clay or m xtures

t hereof , maybe [fiodd@dd aﬂnféglﬁﬁﬁuhﬁegwltkﬂvﬁh§1PraQQiﬁﬂ:01 tbelinyantiohyare

wei ght, prefer alyneciplieatadpait schy éﬁdvﬂé}}'g Alth @S bepitoheteb), YWQQEV\SEn 7
and 11 parts by base conponent "’ i ncl udes w de

varieties of *g%P Q SHKcaRensY 3‘5?%% ecul ar wei ght of at |east about

3, 000 Among the rubber block copolymers that in the
5 compositions according to the invention are styrene-rubber and
styrene-rubber-styrene block copolymers having a
styrene/rubber ratio between approximately 6.1 and 0.8.
Exemplary block rubbers are (a) styrene-ethylene propylene
block copolymers (SEP) having a styrene/rubber ratioc of about
10 0.59, an unplasticized, specific gravity about 0.93, and a
break strength (ASTM D-412) 300 psi, available from Shell
Chemical Company of Houston, Tex., under the trade designation
Kraton G 1701; (b) a styrene—ethylene butylene block copolymer
(SEB), having a styrene/rubber ratio of about 0.41, obtained
'15 from Shell Chemical Company under the designation TRW-7-1511;
(c) a styrene-sthylene butylene-styrene block copolymer
(SEBS), having a styrene/rubber ratio about 0.16, an
unplasticized, specific gravity of about 0.90, 750%
elongation, 300% modulus (ASTM D-412) 350 psi, available from
20 Shell Chemical Corporation under the trade designation Kraton
G 1657. Other styrene-rubber or styrene-rubber-styrena block
- copolymers expected to be useful in the practice of the
invention are styrene-isoprene rubber (SI) and styrene-~
isoprene-styrene (SIS) rubber, styrene-butadiene (SB) and
25 Styrene-butadiene-styrene (SBS) rubber. An example of SIS is
Kraton D 1107, and an example of SBS is Kraton D 1102, both
available from Shell Chemical Company.
Among the semi-liquid rubbers that may optionally be
used as bleed inhibitors in the practice of the invention are
30 high viscosity polyisobutylenes having a Flory molecular
weight between about 20,000 and 70,000. Exemplary thereof is
a polyisobutylene having a Flory molecular weight of about
42,600-46,100, a specific gravity of about 0.91 and a
Brookfield viscosity of 350*F (about 177°C) of about 26,000-
35 35,000 cps, available from Exxon Chemical Company of Housten,
Tex. under the trade designation Vistanex IM-MS. Other
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up to as high as about 8,000. The preferred amount of polyol =~ or ester to

be used, in?@] ,g nposi tions ranges between 80 20 and 95 paptCy/isoveidght .
The prefer dE€ ? | s include any pol yoxypréopyl ene gl ycol, diol, triol,

tetrol etc., any pol yt etranet hyl ene glycol as well as pol ybutadi ene or
ot her hydr ocar bon polyols. Regarding the suitable polyesters for use
I n.the present invention, included are esters derived from 25 carboxylic
acids, wherein the-ester is liquid at anbi ent tenperature, has a

hydr oxyl funCtiOpéﬁﬁéﬁécuhfghlé?E”cﬁ%si%%@eg t?i§8|§%§£§§ ¥ﬁﬂéﬁ§lﬂ§§4ﬂgie of

range recited above. ] € C ;E Sl n SO | ween
0.5 and 5 partkep&nVﬁ#E#ﬂn(ﬁrQMbQQMﬁ §Fy ebbyhpneerepileneyh edbylene-
tenperature propgedpfhend diedadkerCqEpRH) i 8Ad npéeimit&d butyl rubber

veignt, " OREVing R uodne N asbaity T aRbo ki Rop Ut bod i oAb R dnan br
in the amount gef betveen aboukt2@:rd H0ad Exanpbesoerfbtbei abewe are Butyl 077,
Vistalon 404, Vistalon 3708 and Chlorobutyl 1066,
respectively, all available form Exxon Chemical Company. Also
useful are depolymerized rubbers having a viscosity at 38° ¢
of between about 40,000 and 400,000 cps. An example thereof
is DPR 75 from Hardman, Inc. of Belleville, N.J. All these
bleed inhibitors are considered opticnal additives to the
composition of the present invention.
By following the combination of ingredients
disclosed above, the grease of the present invention is
15 characterized as being non-dripping with high penetration and
a low yield stress. The high penetration capabilities as a
grease allows a better fluidity, that is, lower viscosities
may be used so that the cable may be more easily filled with
the grease. Furthermore, the present invention provides three
20 distinct advantages over prior art formulations:

1) the processing properties as noted above
are exceptional in that the material can thin out as much
as possible under heat and shear for easy cable filling.
Thus, the grease of the inventjion fills the cable more

10

2 easily and faster and thus avoids microbending
difficulties which can cause attentuation in fiber optic
cable.

2) Conventional formulations at low viscosity

require a reduced silica content to achieve the same

30 degree of viscosity. However, this reduction causes
syneresis, i.a. the gel becomes unstable and separates
into an oil layer and a filler layer. This separation
causes difficulties in the static properties of the fiber
optic cable. The formulations of the present invention

35 have not exhibited syneresis in any tests conducted so
far. '
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35 anobunt less than 15 parts by weight. Many different rubber

4 ~ conponents such as butyl rubber, ethylene propyl ene rubber
et hyl ene pwgpya/e08é8di ner rubber, chlorinated, rgihber or ot her PCT/US91/04463
t her mopl asti c/ rubber bl ock copol yners coul d be used. 5 Detail ed

Descri ption of the Invention

When introducing the grease into the fiber optic
cable it is important to achieve as low a viscosity as
possible so that the fibers would not be moved. This is
achieved by introducing the grease under high shear into the

5 cable. The grease composition is retained in a reservoir or
drum upon which a drum pump of the piston type is attached.
This pump causes low shear and movement of the grease out of
the drum and into a conduit or pipe which is traced and heated
to maintain the temperature of the grease therein at least

10 about 80°C. The grease is then directed through a gear pump
which is operated under high shear conditions from about 5,000
to as high as 20,000 revolutions per sec. The pipe exiting
the gear pump directs the grease into a die which is '
positioned about the fiber optic cable in a manner such that

15 the grease is extruded into the cable arcund the fibers. The
grease is extruded into the cable at temperatures of about 500
to 600°F, preferably at about 550°F. Unlike prior art
greases, the formulations of the invention are somewhat stable
at that temperature.

20 As noted above, an antioxidant may be used to impart
enhanced stability to the grease at such elevated extruding
temperatures. The most preferred antioxidant is Ciba=-Geigy
Irganox 245, a sterically hindered phenolic compound in the
form of a white crystalline powder having the empirical

25 formula c34“50°5' This compound is also xnown as triethylene
glycoel bis [3~(3’~tert-butyl-4’-hydroxy~5’-methylphenyl)
propionate] or ethylene bis (oxyethylene) bis (3-tert-butyl-
4-hydroxy~5-methyl hydro cinnamate). Other bis hindered
phenol rings connected by a polyether linkage should provide

30 comparable results, but the Irganox 245 is preferred due to
its ready commercial availability.

To determine whether or not a particular antioxidant
is suitable for use in the piesent invention, an modified
Belcore oxygen inhibition test may be conducted. A sample of

35 the grease is put in a calorimeter 'in a beoat under nitrogeh
pressure and is conditionequpﬂagO'c. Thereafter, pure oxygen
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Pol yol containing grease conpositions of the present I nvention are

ideal ly suited for use in connection with the filling of Qg%%ééylééégﬂ

cabl e; sucWQ®/84¥8e discl osed in U S. Patggts 4,645,298, 4, 18

4,711,523 and 4,744,631. 10 To the extent necessary to understand the

structure of such cabl es, these patents are expressly incorporated

herei n by reference thereto. The present conposition

conprises at |east two nmjor conponents, nanely, (1) a polyol having at

a nol ecul ar weight 15 of at |least 3,000 and (2) colloidal particles. If

desi red, al t hbsigprmpad rigdes $hey chdprinetenvamd | changeshlise dhenbireaser ave

a rubber pol ymerpégduies 2dded drdekhRoPpeyl 988! ¥ S8 NEGrease)MRABERLSL of

Al so, an anti oxi gdant can be use o i_gprove the hi gh t'enper at ure

properties of th ?cﬂ?ﬁﬁ%ﬁ%in?“g%h%enggﬁr¥8d"?ﬁpfﬁﬂ%éﬁ%93ﬁ° tFﬁVeﬁPidn

i ncl ude any pol ymitetepaty 3@90°C wmithudi pYrpobYYasm ey mmmegitycolther use of

pol ytetranet hyl g py K ofdi¥ganbi Shs LR ERE gfldse Forifthatd®nibe the
present invention allows the grease to withstand approximately
8 minutes in the Belcore test. Increasing that level to about
2% increases the resistance of the grease to the test
environment to about 12 minutes. Finally, a 3% addition of

10 Irgandx 245 to the greases of the present invention provides a

30 minute rating in the previously described test: this is an
optimum condition which is quite unexpected for these types of
materials.

Thus, the compositions of the present invention are

3 Capable of passing the appropriate tests for obtaining
suitablg grease compositions for filling fiber optic cable.
These tests include a syneresis observation, wherein the
present invention exhibits no separation, an 80°C drip test,
and a bleeding test utilizing a 0.1 millimeter penetrant at

g 25°C.

The syneresis observation is conducted as follows:
the formulations are'prepared, retained in a suitable
container, and observed for oil separation over a period of
one month. The most preferred formulations are those which

25 ©xhibit no syneresis over a period of at least six months,
since it is unlikely that any syneresis will be encountered
for longer times of use of the grease.

The 80°C drip test is described as follows:

1. Use a 12 inch long buffer tube;

30 2. Insert three 12 inch long optical fibers into

the tube;

3. Fill the tube with the giease to be ﬁested by
injecting the sample using a 5§ ¢c syringe. No air should
be trapped in the tube; '

35 4. Place the tube in a horizontal position for 2

hours at room temperature:
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hydr oxyl term nated pol yethers having the appropriate nol ecul ar wei ght.
It. is also possible to use pol ybutadi ene 25 diols, triols, or tetrol

ot her si mwer92rpdédcar bon pol yol s. These materi al s may bePGE %ﬁ& or
i n conbi nation dependi ng upon the speC|F|& résul ts desired. Polyester
pol yol s can al so be used, including hydroxy term nated vegetable oils or
ot her hydroxy bearing unsaturated 30 triglycerides, again provided that

t hese conponents are pol ymeri zed to the desired nol ecul ar wei ght of at

| east 3000. One particularly preferred exanple of this type polyol is

pol ynerized castor oil. 5, place tn@&dwwarraeaeabnM1 cpogﬁtu&e £se
according to 35 this |nventto€ %éso | g nerlzed es eri&
carboxylic aci ds. DPHES 2 2 d§ 3ﬁ5|éﬂt % %ﬁﬁﬁ Xu&f%ﬂhf
: . Clean any amount of grease that comes out of
the tips of the tube due to thermal expansion:
7. Weigh a clean, empty aluminum dish in grams

5
(W1):
8. Place the tube in a vertical position at 80°C;
9, Place the aluminum dish under the tube in such
a way that the tip of the tube is a few millimeters from
‘30 the center of the bottom of the dish;
10. Leave the system at B0*C for 24 hours:
11. Reweigh the aluminum dish in grams (wW2).
Inspect the dish for any traces of liquid;
12. The difference in weight sz - W1l) is the
15 dripping reading in grams.
The paper bleeding test is described as follows:
MATERIALS
. 20 1. 5 ml syringe

2. 11 cm diameter, type 1 filter paper
3. ‘Pyrex watchglass (12 cm diameter)
4. 600 ml Pyrex beaker
S. Lab spatula
2 6. Analytical balance
7. Tweezers
8. Scissors
9. Forced draft oven set to 80°C

30 PROCEDURE .
1. Load the grease compoeund into the syringe with
a spatula. Slowly press the plunger to eliminate air

bubbles.
2. Cut a1l in by 1 in., filter paper sguare; weight

33 (WT 1) and record (to 0.0001 grams).
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5 have a hydroxyl functionality of at |east 2. Hydroxyl
functionality as used herein is the average nunber of hydro 917 RS
per nol ecW@9nDo3s8t er conpound. As noted aboyg,- a specific ﬁ%?ecu ar
wei ght of the overall hydroxy functional base conponent is necessary to
-achieve the desired results of the invention, and this is obtained by
pol yneri zati on or esterification of the bifunction acid and a pol yol at
t he appropriate nole ratios as known in the art. The base
conponent of the invention may al So incl ude

3. Slowly apply 1 ml of the compound from the

syringe onto the filter paper square in a circular dab.
(Leave some room around the edges to allow the dab to
spread.) Weigh this "sample sguare" and record this

5 value as WT 2. _

4, Weigh an 11 cm diameter filter paper circle (WT
3), and place it on the watchglass. Put the "sample
square" on the center of the filter paper, and cover with
a 600 ml beaker.

10 5. Let the sample lie undisturbed at room
temperature for 16 hours.

6. Weigh the sample sguare (WT 2A) and the large
filter paper circle (WT 3A). _

7. Replace the sample square under the beaker, and

15 place the entire assembly in the oven. Do not disturb
for 24 hours.

8. Remove from the oven and allow to cool for 5
minutes on a marble surface. Weigh the sample square (WT
2B) and the filter paper circle (WT 3B). Note any color

20 chapges.

5. Discard sample square and filter paper.

10. When handling the sample sguare and the filter
paper circ¢le, use only tweezers. Take care to keep
moisture and all foreign part;cles away from the sample

25 square.

CAICULATIONS
1. Initial Weight (WT 2) - (WT 1)
2. Weight Loss = (WT 2) - (WT 2A or WT 2B)

20 3. % Weight Loss = Weight Loss x 100/Initial Weight
4. Filter Paper Weight Gain = (WT 3A or WT 3B) -
(WT 3)

5. Volatile Weight
a. (Weight Loss)=(Filter Paper Weight Gain) if
35 ' >0 or '
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10 pol yhydric al cohols having a hydroxy functionality of 2 or nore and a

nol ecul ar wt&%m% bet ween about 3000 and 8000. Such conpeyygsoivemssde
various di, and hydroxy bearing conpolhds al one, m xed together, or
conmbi ned with ot her pol yol s provided that the nol ecul ar wei ght of the

m xture or conbination is maintained within the range stated above.
Castor oil is a naturally occurring trigylgeride of ricinoleic acid.
Castor oil is actually a m xture of nono-, * di-, and triglyercides and

has an average hydroxyl - furi,qt ioonqlf: %68?81_1@.1“ D%%{%%ﬁ*’?ﬁﬁ%ﬁ{?gﬂt

pol yol esters 20 include glycol, pdly? and ot her
nono- , di -, and pol yesters of G@i®In&Pei c acid. These ricinoleic acid

pol yol esters can be nade ¢y retideine! Wekgaen=i voldeipe tweighte 9. , by

direct ésterification of ricinalej.c.agi th al cohol s such as ethyl ene
gl ycol, glycerine, propylene Eh%ﬂdﬁn}%igqh§%§ﬁgﬁe gl ycol , diethyl ene glycol,

di propyl ene ggycol , hexanethNomvelgitidel Sepakationl ent Weightolhgw=opy! ene
glycols, % Volatile Weight

"A" values are used to calculate weight change afte:
16 hours at. room temperature. "B" values are used to
10 determine weight change after the additional 24 hours at 80°C
MEASUREMENT ERROR
Due to repeated handling of the sample, some error should
pe expected, especially in calculating volatile weight loss at
15 Troom temperature. All weights should be recorded to the
nearest 0.0001 gram. All calculated results should be
reported to the nearest whole number. At least three samples
should be tested simultaneously per compound to be evaluated.
The resulting percentage values can then be averaged to
o0 determine the % Weight Loss and % Nonvolatile Separation.

These tests were used to determine the performance of
various grease formulations according to the invention.

25 Examples _ _
The scope of the invention is further described in

connection with the following examples which are set forth for
the sole purpose of illustrating the preferred embodiments of
the invention and which are not to be construed as limiting

30 the scope of the invention in any manner. 1In these examples
all parts given are by weight unless otherwise specified.

Examples 1-5 (Comparative) )
The number of formulations using hydrocarbon cils

35 have been prepared as representative of the prior art.
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sucrose or sorbitol. Specific ricinoleate ester conpounds
I ncl ude et hyl ene gl ycol nono-, di- ricinoleates, propyl Gpaadd
di rici nol eX¥Q@8%/08¥8t a erythritol nono-, di, _t h,_tetra- and peﬁﬁn

ri cinol eates, glycerol ricinoleate,. 1, 4- cycl ofiexane  di net hanol nono- and
di - ricinoleates, but ane di ol diricinoleate, neopentyl glycol nono- and
di - ricinol eates, and nono- or di- ricinoleates of N N-bis (2-hydroxy
propyl) 35 aniline or NNN,N,'N - tetrakis (2-hydroxy propyl) ethylene
dram ne. Examples 1-4 are greases based on hydrocarbon oil,
specifically, the polyalpha clefin oil as known as PAOL.

Examples 1 and 2 compare the properties of the

grease with different penetration (i.e., 310 vs. 390). Higher
5 penetration showed worse bleeding and dQripping.

Examples 2-4 compare the properties with different
oil viscosities. CGenerally, higher viscosity improves the
bleeding, but the grease still failed the dripping tests with
too high bleeding, while Example 3 failed with too high

10 dripping. Example 2 fajled both tests.

Examples 1-4 all failed one of bleeding or drlppxng,
and/or syneresis.

From these examples, it was concluded that PAOLs
(hydrocarbon oils or petroleum based oils) are unsuitable

5 because they fail syneresie and dripping in general.

Examples 6~-11

~ These examples are representative formulations of
the present invention. '

50 Examples 6~11 are greases based on polypropyleneoxy glycols
(PPGs) of various molecular weight and functionality.

Examples 6=7 failed with too high bleeding and/or
dripping. These examples indicate that the minimum acceptable
molecular weight should be about 3000. Higher molecular

o5 Weight will easily pass the bleeding and dripping tests, but
' may be too thick to be practically processed. Thus, a
molecular welght range of about 3000 to 8000 is preferred.

Example 8 compares the effect of utilizing PPG to
replace PAOL (hydrocarbon) at same viscosity level (example

30 3). A significant improvement in bleeding (50%), dripping and
syneresis resulted. The grease of example 8 with PPG passed

both bleeding, dripping and syneresis, while the PAOL grease
failed both syneresis andﬂﬁripping.

...... \aced
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6
provi ded t
range of 3

Castor oil and the other ricinoleate esters may be used

g@%?@@%ﬁsare pol yneri zed to the.appropriate nnquﬂygggwgbg@t'

Addi ti onal hydroxyl heggi bg conponents which are

sui tabl e-in the conpositions of this invention include one or nore
pol yet her polyols having a nmol ecul ar wei ght of at |east 3000 up to about

8000." .

The preferred pol yether polyols are pol yether diols,

and nore particul ar pol yoxypropyl ene diols. Generally, these pol yet her
diols are prepared by condens

ing a Ig&ge excess of 10 an al kyl ene oxi de,
such as ethyl ene oxi de or ?ﬂ%uﬁﬁ%ﬁﬁ? ; Janctigpality i§cRet ¢kedxw: diqwever,
known in the artexdbples y&andan diowed ahditohp stighificaht bhjydwdifent was

glycols, e
di et hyl ene

9.,

10

15

20

25

e
gly

£€%+§9§d %y in&e%oé/iln%]efu%lc)ﬁ%haﬁ&yagrga hg rtgl 3 O‘J.'He Ssuacmhe %San
be observed by comparing Examples 8 and 9.

Examples 2 and 6 compare the low viscosity greases
made with hydrocarbon to that with PPG. Improvement on
bleeding and dripping tests resulted by replacing the
hydrocarben with the PPG. Thus, PPG surprisingly improved
grease performance and ma&e non-syneresis possible.

Examples 3 and 8 were compared with 5 and 11,
respectively. For the hydrocarbon grease, the M5 silica
improved syneresis and bleeding, but made the dripping worse.
For the FPG grease, the M5 silica improved the bleeding while
the dripping performance was retained. Thus, the M5 silica
improves bleeding and syneresis but not the dripping.
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15 Pol yol s such as PPG N ax PPG 4025 and PPG 3025, - Pl uracol

1040 and t | re preferred. These have nol ecul ar wei 0446
appr oxi mat g??’%)% or nore. As not ed above pol yneri zed”cast30r
oi |l -having a nmol ecul ar wei ght of at |least 3,000 is one material which

may 20 be suitable according to the present invention. However,

pol ypropyl ene gl ycol s having a nol eculag-wei ght of about 3,000 to 4,000
are the nost preferred matgrials. : Anong the colloidal particles
useful in the practice @ the invention is colloidal silica, either
hydrophilic or 25 h§idropho® c, Breferablysa hydr hobic fune@ silica having
a BET surface area betwgen aBout 50 angl about 40 nferr]/gm An

exanpl e of a hydrophobic féhred silica useful in the practice of the

invention is a polydinethylsil oxane-coated funed silica h&Vvi ng a BET
surface area of aboyt 80-180 n{&r]/gm c@ntaini® 30 about $%b.w. carbon,
avail able fromthe €abot Cg poration of Tuscol & 11l., under the trade
designation Cab-O Sil TS 720.
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An exenpl ary hydrophlic colloidal material is funed silica = with a BET
sur.face areg, t 175-225 nferr]/gm nom nal particled g m
specific gra\? %ﬁd}gg avai l abl e from 35 the Cabot Corporati on?J&ﬁ‘Z‘ég"?fﬁ@B

trade designation Cab-O Sil M5. Mxtures of these materials may al so be
used. O her colloidal fillers useful in the practice of the
I nvention .are precipitated silicas and clays such as bentonites, with or
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wi t hout surface treatnent. Anong the rubber bl ock copol yners
that i-n the 5 conpositions according to the invention are styrene-rubber
and st yrwoezrai3s®r - st yrene bl ock copol ymers having a st

ratio between approximtely 0.1 and 0. 8. Exenpl ary bl ock rubbers are (a)
styrene-et hyl ene propyl ene bl ock copol ymers (SEP) having a
styrene/rubber ratio of about 10 0.59, an unplasticized, specific gravity
about 0.93, and a @ break strength (ASIMyD-412) 300 psi, available from
Shel | Cheni cal Conpany of Houston, Tex., under the trade desi gnati on
Kraton G 1701, (b)-l a styrene- et é/l ene butyI ene bl ock copol yner ( SEB),
havi ng a styrene/ Fubber Fatio ofabout 0.41, obtained 15 from Shell

Chem cal Conpany under the designation TRW7-1511; (c) a
styrene- et hyl ene butyl eng;styrene bl ock copol ynmer (SEBS), having a
. styrene/rubber ragio abo# 0.16,5an unpl astici zed, specific gravity of

about 0.90, 750% = el onfati on, WV00% nodul us (ASTM D-412) 350 psi,
avai l abl e from
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20 Shell Chem cal Corporation under the trade designation Kraton G 1657.

Ot her styr - jﬂﬁﬁg or styrene-rubber-styrene bl ock copol yners expect ed
to be usefu| |§n eépractice of the i nventipgL are styrene- \F/’S?(;{)‘H%‘Hé 3
rubbrer (SI) and styrene- | soprene-styrene (SIS) rubber, _
styrene-but adi ene (SB) and 25 styrene-butadi ene-styrene (SBS) rubber. An

exanple of SIS is Kraton D 1107, and an exanple of SBS is Kraton D 1102,

bot h avai |l abl e from Shel | Chenlcal Cowpa Anong t he
sem -liquid rubbers thatom onal | Eggége% as bleed inhibitors in

the practice of the invefrtte L SENEZ

a Flory nnleculaE!ﬂHEﬁEEght bet ween aboutlio 000 and 70 . enp a%%

t hereof is egbylsobutylene having a Flory nDIecuIar melght of about
42, 600- 46, 100, a-SFelrPIE gravity of abct&7aR 91 and a okf.eJBg.,Z%/MS

V|5005|ty of 350 r] out 177[err] of about 26, 000 35 35,0
avail abl e from Bg% 5%@ﬁ$¥8? Cbnpany'cﬁy deaearboen Teblyumaer t B&1 6 BSpc2

desi gnation V st QQEEOL%VSofCLQ
4
Component (cps) 009 2000 e700

Molecular Weight - 2500
Wt. Base Component 92 S2 92
10
Wt. % CAB-0-SIL M5 |
Wt. % CAB-0O-STL TS720 5 6 6
Wt. % Antioxidant 3. 2 2
Penetrati
15 foretrat on @ 2s¢ 380 375 390
Dripping @ 80C (g) 0.34 0 0
Syneresis (1 mo.) Yes No No
20
25
30
Polyol is Poly BD R45HT by Arco Chemical.
2
50 a
2 parts of Polyol BD R4S HT with 50 parts of PPG

(4000 MW) .
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8 rubbers which are considered to be useful in the practice of t he

I nvention are b
di mer rubb¥O0 93
visgosity, M. 1 + 8 at 100[err]C (ASTM D 1646

utﬁl rubber, ethyl ene propyl ene, ethylene- 5&@@@%%§ﬁ§“3

and chl ori nated butyl rg?pgr havi ng
of bet ween about 20 and

90. Exanples .of the above are Butyl 077, Vi stalon 404, Vistalon 3708

and Chl orobutyl

Conmpany. Al so

10

11

20

25

1066, respectively, all avail able form Exxon Chem cal
Examples 12-14

Example 12 is representative of the priof art
whereas Examples 13 and 14 are representative of the grease
compositions of the present invention.

- At the same viscosity level, the polybutadiene diol
showed improvement in bleeding, dripping and syneresis:
Example 13 passed all tests. Also, a blend ¢f PPG/Polyol
(Example 14) does not effect the performance of polybutadiene
as long as the PPG falls in the molecular weight range
described in Table 1, i.e. one having a molecular weight
higher than 3000.

Example 15

The syneresis observation for Examples 6=10 and
13-14 was conducted for an extended tiﬁe. Aftez a six month
period, none of the formulations of these examples exhibited
any oil separation (syneresis), thus indicating their
suitability for providing long service lives.

While it is apparent that the invention herein
disclosed is well calculated to fulfill the objects above
stated, it will be appreciated that numerous modifications and
embodiments may be devised by those skilled in the art, and it
is intended that the appended claims cover all such
modifications and embodiments as fall within the true spirit
and scope of the present invention.
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useful are depolynerized rubbers having a viscosity at 38[err]C of

between: abowip ¢ideddg® and 400, 000 cps. An exanpl e thereof 10 i rom
Hardman, Inc. of Belleville, N.J. Al these .jhlLeed inhibito§§9555ﬁ§wa6g

consideréd optional additives to the  conposition of the present
I nvention. - By follow ng the conbination of ingredients

di scl osed above, the grease of the present invention is S
bei ng non-dripping With high penetration and%ﬁg&;ow yi elllllmmmjlﬁ”“ﬂmllf
hi gh penetration capabilities as a grease a better 1 didf'ty? that
I's, |ower viscosities may be used so that the cable may be nore easily
filled with t What ebs ecldAnddaigrore, the present invention provides

three 20 distinct advanfages eer&ori or art fornul ations:
1) the processing properties 4s Mot EG RR5¢EIon comprigingyceptional in that

S
the material can thin out RAPAMKHS5 to 95 partpoBgibé g dsy $qﬁ8@%nﬁ;&ﬁ@ht
for easy cabl e fi¢dipeising a poi§%ﬂshabgﬁggéeﬂ§fegﬂlégm§é{5(ﬁuéénggIfe St ¢
cabl e nore : as

about 3000; and
about 2 to 20 parts by weight of colloidal
particles.

10 2. The composition of claim 1 wherein the colloidal
particles are one of silica, clay or a mixture thereof.

3. The composition of claim 2 wherein the colloidal
particles comprise hydrophobic fumed silica, precipitated
15 Silica, c¢lay or a mixture ‘thereof.

4. The composition of claim 1 wherein tha colloidal
particles are present in an amount of about 4 to 15 parts by
weight.

20
5. The composition of claim 1 .further comprising about
0.5 to 5 parts by weight of an antioxidant.

6. The composition of claim 1 wherein the polyol is
25 Present in an amount of between abeut 80 and 95 parts by

7. The composition of claim 1 wherein the polyol is a
polyether, polyester or hydrocarbon polyel.

8. The composition of claim 7 wherein the hydrocarbon
Polyel is a polybutadiene diol.

35
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25 easily and famﬁ‘ mﬂﬁ““'maml ds m crobendi ng difficulties
whi ch-can cause atten optic cabl e.
2)" ConventWOrf2/0086% nm, llnsL amm | GW ¥ SCOSi typqo r equi BCT US04

sil.ica content to achieve the sane 30 degree of viscosity. However,
this reduction causes .syneresis, i.e. the gel becones unstable and
separates into an oil layer and a filler layer. This separation

causes difficulties in the,staL] tiges.of i her. '

cable. The fornul ati o%s‘ o%ﬁ%h%%gﬁggggggf’n{’/gn??%#%Jhet}% a&é‘enB?lgg%JF%ﬂ ed

syneresi s in anypalenls icomnecofdagoesterificakion product of a polyol with a
polycarboxylic acid, or a polymerized hydroxy terminated

vegetable oil.

5 _ 10. The composiiton of claim 7 wherein the polyester
is polymerized castor oil.

11. The composition of claim 1 further comprising a
rubber component in an amount effective to act as a bleed
10 inhibitor up to about 15 parts by weight.

12. The composition of claim 11 wherein the rubberxr
component is one of butyl rubber, ethylene propylene rubber,
ethylene propylene dimer rubber, chlorinated rubber or a

,g thermoplastic/rubber block copolymer,

13. A grease composition comprising:
about 80 to 95 parts by weight of a base component
cémprising a polyol having a molecular weight of at least
20 about 3000;
about 4 to 1S5 parts by weight of colloidal
particles:; and
about 1 to 3 parts by weight of an antioxidant.

25 14. The composition of claim 13 wherein the antioxidant
is a sterically hindered phenclic compound.

15. The composition of claim 13 wherein the antioxidant
includes bis hindered phenol rings connected by a polyether
30 linkage.

16. The composition of claim 13 wherein the antioxidant
is triethylene glycol bis [3-(3’~tert-~butyl=4’-hydroxy-5’-
methyl phenyl) propionate].
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9 When :lgm %iuﬁ!“ il rease into the fi ber optic cabl e
It Is inportant to ac cosity as possi bl e
fibers vvohﬂQi‘»’H@Q”ﬁe l l chi eygg_by i ntroduci ?d?He;g?deigge

under hi gh shear into the cable The grease conposition is retained in a
reservoir or drum upon which a drum punp of the piston type is attached.
Thi s punp causes | ow shear and novenent of the grease out of the drum

and into a conduit ory plpe¥$éyégh 3gﬂqi %quagga ggdg er&f%;@ﬁéréﬁfléfﬁél

tenperature of the grease east 1 e grease 1s

then directed tnamgqlesm et sijdiceh Féaapera@emluhuee heFeche
conditions from about 5, 000

18. The composition of claim 17 wherein the colloidal
particles comprise hydrophobic fumed silica, precipitated
silica, clay or a mixture thereof.

19. The composition of claim 13 wherein the polyol is a
polyether, polyester or hydrocarbon polyol.

20. The composition of claim 19 wherein the hydrocarbon
polyol is a polybutadiene diol.

10

21. The composition of claim 13 wherein the polyester
polyol is one of an esterification product of a polyol with a
15 polycarboxylic acid, or a polymerized hydroxy terminated
vegetable oil.

22. The compositon of claim 21 wherein the polyester is
polymerized castor eoil.
20 _
23. The composition of claim 13 further comprising a
Tubber component in an amount effective to act as a bleed
inhibitor up to about 15 parts by weight.

2 24. The compogition of claim 23 wherein the rubber .
component is one of butyl rubber, ethylene propylene rubber,
ethylene propylene dimer rubber, chlorinated rubber or a
thermoplastic/rubber block copolymer.

30 25. A cable filling material comprising the grease
composition of claim 1.

26. A cable filling material comprising the grease
composition of claim 13.
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to as high as 20,000 revolutions péer sec. The pipe exiting t he gear punp
directs tWwop ou/oesse i nt “i positi oned about POF/USVEN446Dt i C
' mu “ﬂl “Iuﬁ“é“mlse i 32¢x%truded into the cable around

cable in a manner such

the fibers. The grease i stextruted into the cable at tenperatures of
about 500 to 600[err]F, preferably at about 550[err]F. Unlike prior art
greases, the fornulations of the invention are sonewhat stable at that
‘tenperature. 20 = 2%. ndwedriiele, ofnmanufastunetconprisding @d cablierpaving
enhanced stabi | tghddry %&rﬁﬁs?ﬁhséué_ﬁmﬁbﬂﬁisﬂ@i‘té}ﬂﬂ‘q located within
antioxidant is G ba-CGeigy | rganox 245,

tenperatures. The, post. preferr
a.sterically hi§ﬁ&§t§?&#§ﬁﬁ9q ompound in the formof a white
crystalline powder having the enmpirical 25 fornula (ferr] Herr](err].

This conmpound is als no I8t y | .
[3-(3" -tert-buty].-4 %¥dr%é%'ﬁéec?tiy¥gﬁ§%aw & g‘?%%l?%ﬁa?oéﬁpr&rsi&gh?l ene
bi s (oxyet hyben@}“ﬁklgﬂ-‘t%rﬁnﬂﬂa}l ibers. X9BFB§9#%immﬁh%Me sheath in
ci nnamate) . O hepnbast hiriglersid grease composition.

29. An article of wanufacture comprising a cable having
a sheath and the grease composition of claim 12 located within
said cable sheath.

10
30. The article of claim 29 further comprising a
plurality of optical fibers located within the cable sheath in
contact with said grease composition. '
18

31. A method for introducing a grease composiéion-into
a fiber optic cable which comprises:

removing a grease .composition from a reservoir under
o9 low shear; '
reducing the viscosity of the compesition by
subjecting the grease composition to sufficient shear
conditions; and _
extruding the grease in the reduced viscosity
25 condition into a fiber optic cable and around the fibers
therein. '

32. The method of claim 31 which further comprises
increasing the temperature of the grease composition while the
30 Viscosity is reduced.

33. The methed of claim 32 which further comprises
including an antioxidant in the grease composition to
withstand the increased temperatures achieved during the

35 viscosity reducing step. '
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phenol rin pol yet her 1inkage should provide 30 conparable
redul ts, @E“m lﬁm HﬂS Is preferred due to its ready conmerci al

avalkablll To determ ne whether or not a pafT, IENT SHEET
ant i oxi dant S SU|tabIe for use in the present invention ‘ %Neﬁ
Bel core oxygen inhibition test may B conducted. A sanple of B5 the grease
Is put in a calorineter in a boat under nitrogen pressurg an@ 2 HEC 1997
conditioned at 390 err C. Thereafter, pure oxygen

What t aimed is:

1. A cable filling material of a grease composition

consisting essentially of about 75 to 95 parts by weight of
a polyol comprising a polybutadiene diol, triol of tetrol
and having a molecular weight of at least about 3000; and
about 2 to 15 parts by weight of colloidal particles of
silica, clay or mixtures thereof.

2. The composition of claim 1 wherein the colloidal
particles are hydrophobic fumed silica, precipitated silica,
clay or mixtures thereof. -

£

3. The composition of claim 1 wherein the colloidal

particles are present in an amount of at least about 4 parts
by weight.

4. The composition of claim 1 further consisting
essentially of a rubber component in an amount of up to
about 15 parts by weight.

5. The composition of claim 4 wherein the rubber
component 1is butyl rubber, ethylene propylene rubber,
ethylene propylene dimer rubber, chlorinated rubber of a
thermoplastic/rubber block copolymer.

6. The composition of claim 1 further consisting
essentially of an antioxidant in an amount of between about
0.5 and 5 parts by weight.

7. A cable filling material of a grease composition
consisting essentially of about 75 to 95 parts by weight of
a polyester polyol having a hydroxy functiomnality of at
least 2 and a molecular weight of at least about 3000; and

about 2 to 15 parts by weight of colloidal particles of
silica, clay or mixtures thereof.
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mat eri.al nust beﬂlmmlmumwmnmd approximately 10 mnutes at 390[err]C
with a pure oxygeh ehviltrorfnerdt. *The use of 5 1% by wei ght of Irganox 245 in
the grease formul ati ons of the presemt -invention allows the grease to

W t hst and approxi matel y 8 mnutes in the Belcore test. Increasing that

| evel to about 2% i ncreases the resistance of the grease to the test

envi ronment to &boutThe eprpeettiennaf| glaim3d adgingion tdfe W lyemtrex 245

to the greaseoDf ikhaudr eseati ER¥ERLLAN HMIdLSoR an 3_90?%7(91” Gitatipg in
t he preV|ouI scribed test: thISISﬁn optlrrumcond lon which is

quite une %ﬁ?%y Hes&%yheSTofd P iges hydroxy termimagedine
conposi ti oresgefalbhe giksent invention are 15 capable of passing the

appropriate tests for obtaining sui tabl e grease conpositions for filling
fiber optic cable. )
9. The composition of claim 7 wherein the polyester

polyol is a polymerized ester of a carboxylic acid having at
least 8 carbon atoms which 1is a 1liquid at ambient

temperature,a recinoleate ester, or polymerized castor oil.

10. The composition of claim 7 wherein the colloidal
particles are hydrophobic fumed silica, precipitated silica,

clay or mixtures thereof, and are present in an amount of at
least 4 parts by weight.

11. The composition of claim 7 further consisting
essentially of rubber component in an amount of up to about
15 parts by weight.

12. The composition of claim 11 wherein the rubber
component is butyl rubber, ethylene propylene rubber,
ethylene propylene dimer rubber, chlorinated rubber or a
thermoplastic/rubber block copolymer.

13. The composition of claim 7 further consisting
essentially of an antioxidant in an amount of between about
0.5 and 5 parts by weight.

14. A cable filling material of a grease composition
consisting essentially of about 75 to 95 parts by weight of
a polyol having a hydroxy functionality of at least 2 and a
molecular wight of at least about 3000; about 2 to 15 parts
by weight of colloidal particles of silica, clay or mixtures

" thereof; and about 2 to 5 parts by weight of an antioxidant
of a sterically hindered phenolic compound so that the
composition has an oxidative induction time of at 1least

about 10 minutes at 190°C in a pure oxygen environment.
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pure oxygen environment.

16. The composition of claim 14 wherein the
antioxidant is triethylene glycol bis [3-(3’-tert-butyl-4’-
hydroxy-5' -methyl phenyl) propionate].

17. The composition of claim 14 wherein the colloidal
particles are hydrophobic fumed silica, precipitated silica,
clay or mixtures thereof.

18. The composition of claim 14 wherein the colloidal
particles are present in an amount of at least about 4 parts
by weight.

19. The composition of claim 14 wherein the polyol is
a polyether polyol, a polyester polyocl or a hydrocarbon
polyol.

20. The composition of claim 14 further consisting
essentially of a rubber component an amount of up to about
15 parts by weight.

21. The composition of claim 14 wherein the polyol is
a polymerized ester of a carboxylic acid having at least 8
carbon atoms which is a liquid at ambient temperature.
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34. The method of claim 33 wherein the grease is
extruded into the fiber optic cable at a temperature of about
500-600°F.

35. The method of claim 31 wherein the grease
comp051t10n is removed from the reservoir by a piston pump and
is directed into a conduit which is heated to maintain the
temperature of the grease composition at at least about 8o0°cC.

36. The method of claim 35 wherein the heated grease
composition is directed to a gear pump which subjects the
grease composition to sufficient shear conditions to reduce
its viscosity and raise its temperature to facilitate ease of
extrusion of the grease into the fiber optic cable. ' :

37. .The method of claim 36 wherein the gear pump is
operated at about 5,000 to 20,000 revolutions per second.




6. :‘CI ean any anmount of grease that cones out of th W’B’{ﬂ mq%HEET
.fube due to thermal expansion; 5 7. Wi gh glc é&aﬁ‘ : E
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vertical position at 80[err]C 9. Place the al ymichGrAlUf 398
under the tube in such the tip of the t{bg |s a few

a way that
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10. Leave the s 3 2
the alum numdish in grans (W2). Inspect t he di sh for any traces of
l'i qui d; : 12. The difference in weight (W - W) .is the 15
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descri bed The present invention relates to a colloidal

partlcle filled polyol base .component. grease‘composiﬁion and
to articles such as sheathed communlcatlon cables, especially
those containing optlcal fiber bundles, which 1nc1ude this
grease composition thereln._ ’

Background of the Invention _
A grease typically is a solid or semi liquid
substance which includes a thickening or gelling agent in a

10

liquid carrier. Almost any oil hav1ng lubricating propertles
may be used with a suitable gelllng agent to make a grease.
Petroleum oils, fatty oils such 'as castor oil, polyalkylene
15 giycols, synthetic diesters, silicones, fluorocarbons and
polyphenyl ethers are all found in commercial lubricating
greases. (See, e.gx, Braithwaite, "Lubrication and
Lubricants," Elsevier Publishing Co., 1967, pages 181-183 and
223-228). The gelling agent frequently used in greases
20 include fatty acid soaps, clays, silica, organic dyes, amides,
and urea derivatives. The gelling agent forms a network
structure in which the.carrier is held by capillary forces.
When a low stress is applied through a sample of
grease, the material acts substantially like a solid. If a
26 stress above a critical value is supplied, the material flows
and viscosity decreases rapidly. This decrease in viscosity
is largely reversible since it is typically caused by the
rupture of network junctions between filler particles, and
these junctions can reform following the removal of the source
30 ©f the stress.

A desirable property of the grease is the absence of
syneresis, i.e., its ability to maintain uniform consistency.
Generally, syneresis is controlled by assuring dispersion of
an adequate amount of the gelling agent throughout the

35 composition.



MATERI ALS 20 1. 5nl syringe 2. 11| ARPUAGENENT; SHEET
.type 1 filter paper 3. Pyrex watchglass (12 cmdi aneter)

4. 600 m Pyrex beaker 5. Lab spatula 25 3 1 AUG 1998
Anal yti cal bal ance 7. Tweezers 8] Pcissors

9. Forced draft oven set to 80C 30 5 PROCEDURE t—toad
the grease conpound into the syringe with

Grease compositions have been used as cable tIIYTNHG
material is both conventional (electrical) communications as
well as for optical fiber cables. U.S. Patent 4,701,016
discloses a grease compositions comprising an oil, a gelling
agent such as colloidal particles of ;ilica or clay, and
optionally a bleed inhibitor. The oils which are disclosed as
being useful in a compositions of the patent include certain
naphthenic or paraffinic oils having certain specific

. gravities and properties, polybutene oils of similar specific
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properties, triglyceride based vegetable oils, polypropylene
oil, chlorinated paraffin oils, and polymerizéd esters. The
colloidal particle filler material preferably comprises silica
particles such as fumed silica or precipitated silica.
Preferred bleed inhibitors include styrene~rubber, styrene-
rubber-styrene, or other block polymers, and/or semi liquid
rubbers such as high viscosity polyiscbutylene. oOther
ingredients such as-thermal oxidative stabilizers may
optionally be present.

One disadvantage of the compositions of the above
cited patent is that relatively large amounts of silica must
be included to meet the appropriate service requirements for
the grease. Thus, relatively stiff greases are obtained which
are not entirely suitable for such fiber optic cables. 1In
particular, such stiff greases will affect attenuation
(microbending) of the fiber optic cable at relatively low
temperatures (i.e., below about 50°F). Furthermore, if the
amount of silica is reduced to lower the viscosity of the
grease, the shear characteristics of the formulation are
reduced to a value which is less than desirable. Moreover,
such a reduction in silica often results in syneresis.

Accordingly, there is disclosed herein novel polyol
containing grease compositions which are capable of providing
an optimum balance of viscosity and shearing characteristics
such that the compositions are entirely.suitable for use with
fiber optic cables even at lower temperatures. In addition,
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these formulations provide properties which are cipable of

passing the appropriate drip tests, paper bleeding tests, and
syneresis requirements for such cable filling greases.

Summary of the invention

The present invention relates to a grease
composition for use as a cable filling material, comprising
between about 75 and 95 parts by weight of a base component of
a polyol, preferably of a polyether, pdlyester or hydrocarbon
type, having a molecular weight of at least about 3,000 and
between about 2 and-20 parts by weight of colloidal particles.
The colloidal particlés, which preferably include silica, clay
or mixtures thereof, maybe present in an amount of between
about 4 to 15 parts by weight, preferably 6 to 12 parts by
weight and most preferably between 7 and 11 parts by weight.

The base component includes wide varieties of
polyols which have a molecular weight of at least about 3,000
up to as high as about 8,000. The preferred amount of polyol
or ester to be used in these compositions ranges between 80
and 95 parts by weight. The preferred polyols include any
polyoxypropylene glycol, diol, triol, tetrol etc., any
polytetramethylene glycol as well as polybutadiene or other
hydrocarbon polyols. Regarding the suitable polyesters for
use in the present invention, included are esters derived from

carboxylic acids, wherein the ester is liquid at ambient
temperature, has a h&droxyl functionality of at least 2, and a
molecular weight in the range recited above.

The composition may also include between 0.5 and 5
parts by weight of an antioxidant to improve the high
temperature properties of the grease composition. A preferred
antioxidant, Irganox 245, is used in an amount of about 1 to 3
parts by weight. :

The composition may also include a rubber component
in the amount effective to act as a blead inhibitor but in an
amount less than 15 parts by weight. Many different rubber
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mar bl e surface.. Wi gh the sanple square (wWr
Detailed Description of the Invention

Polyol containing grease compositions of the present
1nvent10n are ideally suited for use in connection with the
filling of optical fiber cable, such as those disclosed in
U.S. Patents 4,645,298, 4,701,016, 4,711,523 and 4,744,631.
To the extent necessary to understand the structure of such
cables, these patents are expressly incorporated herein by

reference thereto. _

The present composition comprises at least two major
components, namely, (1) a polyol having at a molecular weight
of at least 3,000 and (2) colloidal particles. If desired,
although not necessary for the invention, a bleed inhibitor of
a rubber polymer can be added to the previously described
components. Also, an antioxidant can be used to improve the
high temperature properties of the formulation. The preferred
polyols of the invention include any polyether polyol
including polyoxypropylene glycol or polytetramethylene
glycol, diol, triol, tetrol, etc. as well as any other
hydroxyl terminated polyethers having the appropriate _
molecular weight. It is also possible to use polybutadiene
diols, triols, or tetrols or other similar hydrocarbon
polyols. These materials may be used alone or in combination
depending upon the specific results desired. Polyester
polyols can also be used, including hydroxy terminated
vegetable oils or other hydroxy bearing unsaturated
tfiglycerides, again provided that these components are
polymerized to the desired molecular weight of at least 3000.
One particularly preferred example of this type polyol is
polymerized castor oil.

The base component which may be used according to
this invention also includes polymerized esters of carboxylic
acids. These esters are liquids at ambient temperature and
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5. Volatile 0SS
Gain) if 35 groups per moleculg gf ester compound. As noted above, a

specific molecular weight of the overall hydroxy functional
base component is necessary to achieve the desired results of
the invention, and this is obtained by polymerization or
esterification of the bifunction acid and a polyollat the
appropriate mole ratios as known in the art.

The base component of the invention may also include
polyhydric alcohols having a hydroxy functionality of 2 or
more and a molecular weight of between about 3000 and 8000.
Such compounds include various di, tri, and hydroxy bearing
compounds aléne, mixed together, or combined with other
polyols provided that the molecular weight of the mixture or
15 combination is maintained within the range stated above.

Castor oil is a naturally occurring trigylceride of

10

ricinoleic acid. Castor oil is actually a mixture of mono-,
di~-, and triglyercides and has an average hydroxyl
functionality of 2.7. Other ricinoleic acid polyolesters _
20 include glycol, polyglycol and other polyhydric alcohol mono-,
di-, and polyesters of ricinoleic acid. These ricinoleic acid
polyol esters can be made by methods well known in the art,
e.g., by direct esterification of ricinoleic acid with
alcohols such:as ethylene glycol, glycerine, propylene glycol,
' 96 hexylene glycol, diethylene glycol, dipropylene glycol,
hexamethylene glycol, polyethylene and polypropylene glycols,
sucrose or sorbitol.
Specific ricinoleate ester compounds include
ethylene glycol mono-, di- ricinoleates, propyl mono- and
30 diricinoleates, penta erythritol mono-, di, tri, tetra- and
penta- ricinocleates, glycerol ricinoleate, 1,4-cyclohexane
dimethanol mono- and di- ricinoleates, butane diol
diricinoleate, neopentyl glycol mono- and di- ricinoleates,
and mono- or di- ricinoleates of N,N-bis (2-hydroxy propyl)
36 aniline or N,N,N,’N’ - tetrakis (2-hydroxy propyl) ethylene
diamine.
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Castor oil and the other ricinoleate esters may be
used provided that they are polymerized to the appropriate
molecular weight range of 3000-8000. Additional hydroxyl
bearing components which are suitable in the compositions of
this invention include one or more poiyethe: polyols having a
molecular weight of at least 3000 up to about 8000.

The preferred polyether polybls are polyether diols,
and more particular polyoxypropylene diols. Generally, these '
polyether diols are prepared by condensing a large excess of
an alkylene oxide, such as ethylene oxide or propylene oxide
with a glycol, as is well known in the art. The glycol can be.
a diol, such as the alkylene glycols, e.qg., ethylene or '
propylene glycol, or an ether glycol, such as diethylene
glycol. ‘ .

Polyols such as PPG Niax PPG-4025 and PPG-3025,
Pluracol 1040 and the like are preferred. These have
molecular weights of approximately 3,000 or more.

As noted above polymerized castor oil having a
molecular weight of at least 3,000 is .one material which may
be suitable according to the present invention. However,
polypropylene glycols having a molecular weight of about 3,000
to 4,000 are the most Preferred materials.

Among the colloidal particles useful in the practice
of the invention is colloidal silica, either hydrophilic or
hydrophobic, preferably a hydrophobic fumed silica having a
BET surface area between about 50 and about 40 mz/gm. An
example of a hydrophobic fumed silica useful in the practice
of the invention is a polydimethylsiloxane-coated fumed silica
having a BET surface area of about 80-120 mz/gm, containing
about 5% b.w. carbon, available from the Cabot Corporation of
Tuscola, Ill., under the trade designation Cab-0-Sil TS 720.
An exemplary hydrophlic colloidal material is fumed silica
with a BET surface area of about 175-225 m?/gm, nominal
particled size 0.012 um, specific gravity 2.2, available from
the Cabot Corporation under the trade designation Cab-0-Sil
M-5. Mixtures of these materials may also be used. Other
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Among the rubber block copolymers that in the
compositions according to the invention are styrene-rubber and
styrene-rubber-styrene block copolymers having a
styrene/rubber ratio between approximately 0.1 and 0.8.
Exemplary block rubbers are (a) styrene-ethylene propylene
block copolymers (SEP) having a styrene/rubber ratio of about
0.59, an unplasticized, specific gravity about 0.93, and a
break strength (ASTM D-412) 300 psi, available from Shell
Chemical Company of Houston, Tex., under the trade designation
Kraton G 1701; (b) a styrene-ethylene butyiene block copolymer
(SEB), having a styrene/rubber ratio of about 0.41, obtained
from Shell Chemical Company under the designation TRW-7-1511;
(c) a styrene-ethylene butylene-styrene-block copolymer
(SEBS), having a styrene/rubber ratio about 0.16, an
unplasticized, specific gravity of about 0.90, 750%
elongation, 300% modulus (ASTM D-412) 350 psi, available from
Shell Chemical Corporation under the trade designation Kraton
G 1657. Other styrene-rubber or styrene-rubber-styrene block
copolymers expected to be useful in the praétice of the '
invention are styrene-isoprene rubber (SI) and styrene-
isoprene-styrene (SIS) rubber, styrene-butadiene (SB) and
styrene-butadiene-styrene (SBS) rubber. An example of SIS is
Kraton D 1107, and an example of SBS is Kraton D 1102, both
available from Shell Chemical Company.

Among the semi~liquid rubbers that may optionally be
used as bleed inhibitors in the practice of the invention are
high viscosity polyisobutylenes having a Flory molecular
weight between about 20,000 and 70,000. Exemplary thereof is
a polyisobutylene having a Flory molecular weight of about
42,600-46,100, a specific gravity of about 0.91 and a
Brookfield viscosity of 350°F (about 177°C) of about 26,000-
35,000 cps, available from Exxon Chemical Company of Houston,
Tex. under the trade designation Vistanex IM-MS. Other
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hav1ng a Mooney viscosity, ML 1 + 8 at 100°C (ASTM D-1646) of
between about 20 and 90. Examples of the above are Butyl 077,
Vistalon 404, Vistalon 3708 and Chlorobutyl 1066,
respectively, all available form Exxon Chemical COmpany; Also
useful are depolymerized rubbers having a viscosity at 38° C
of between about 40,000 and 400,000 cps. An example thereof
is DPR 75 from Hardman, Inc. of Belleville, N.J. All these
bleed inhibitors are considered optional additives to the

10

composition of the present invention.
By following the combination of ingredients
disclosed above, the grease of the present invention is
15 characterized as being non-dripping with high penetration and
a low yield stress. The high penetration capabilities as a
grease allows a better fluidity, that is, lower viscosities
may be used so that the cable may be more easily filled with
the grease; Furthermore, the present invention provides three
20 distinct advantages over prior art formulations:

1) the processing properties as noted above
are exceptional in that the material can thin out as much
as possible under heat and shear for easy cable filling.
Thus, the grease of the invention fills the cable more

2 easily and faster and thus avoids microbendihg
difficulties which can cause attentuation in fiber optic
cable.

2) Conventional formulations at low viscosity
require a reduced silica content to achieve the same

30 degree of viscosity. However, this reduction causes
syneresis, i.e. the gel becomes unstable and separates
into an oil layer and a filler layer. This separation
causes difficulties in the static properties of the fiber
optic cable. The formulations of the present invention

35 have not exhibited syneresis in any tests conducted so
far.
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cable it is important to achieve as low a viscosity as
possible so that the fibers would not be moved. This is
achieved by introducing the grease under high shear into the
cable. The grease composition is retained in a reservoir or
drun upon which a druﬁ'pump of the piston type is attached. .
This pump causes low shear and movement of the grease out of
the drum and into a conduit or pipe which is traced and heated
to maintain the temperature of ‘the grease therein at least
about 80°C. The grease is then directed through a gear pump

which is operated under high shear conditions from about 5,000

to as high as 20,000 revolutions per sec. The pipe exiting
the gear pump directs the grease into a die which is
positioned about the fiber optic cable in a manner such that
the grease is extruded into the cable around the fibers. The
grease is extruded into the cable at temperatures of about 500
to 600°F, preferably at about 550°F. Unlike prior art
greases, the fqrmulations of the invention are somewhat stable
at that temperature.

As noted above, an antioxidant may be used to impart
enhanced stability to the grease at such elevated extfuding
temperatures. The most preferred antioxidant is Ciba-Geigy
Irganox 245, a sterically hindered phenolic compound in the
form of a white crystalline powder having the empirical
formula C,4Hg404- This compound is also known as triethylene
glycol bis (3-(3’-tert-butyl-4’~hydroxy-5/-methylphenyl)
propionate] or ethylene bis (oxyethylene) bis (3-tert-butyl-
4-hydroxy-5-methyl hydro cinnamate). Other bis hindered
phenol rings connected by a polyether linkage should provide
comparable results, but the Irganox 245 is preferred due to
its ready commercial availability.

To determine whether or not a particular antioxidant
is suitable for use in the present invention, an modified
Belcore oxygen inhibition test may be conducted. A sample of
the grease is put in a calorimeter in a boat under nitrogen
pressure and is conditioned at 390°C. Thereafter, pure oxygen
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m a ceptable
The use of

1% by weight of Irganox 245 in the grease formulations of the

present invention allows the grease to withstand approximately

8 minutes in the Belcore test. Increasing that

level to about

2% increases the resistance of the grease to the test

environment to about 12 minutes. Finally, a 3%

10

addition of

Irganox 245 to the greases of the present invention provides a

30 minute rating in the previously described test: +this is an

optimum condition which is quite unexpected for
materials. '
Thus, the compositions of the present

these types of

invention are

15 capable of passing the appropriate tests for obtaining
' suitable grease compositions for f£filling fiber optic cable.
These tests include-a syneresis observation, wherein the

present invention exhibits no separation, an 80

°*C drip test,

and a bleeding test utilizing a 0.1 millimeter penetrant at

20 25°C.

The syneresis observation is conducted as follows:

the formulations are prepared, retained in a suitable

container, and observed for oil separation over
one month. The most preferred formulations are

a period of

_those which

75 exhibit no syneresis over a period of at least six months,

since it is unlikely that any syneresis will be
for longer times of use of the grease.
The 80°C drip test is described as fol
1. Use a 12 inch long'buffer tube;

encountered

lows:

30 2. Insert three 12 inch long optical fibers into

the tube:;

3. Fill the tube with the grease to
injecting the sample using a 5§ cc syringe.
be trapped in the tube:

be tested by
No air should

35 4. Place the tube in a horizontal position for 2

hours at room temperature:




25 weight will easily pass the bl eeding and dripping tests,
too thick to be practically processed. Thus, a nol ecul ar
“about 3000 to 8000 is preferred. Exanpl e 8 com
of utilizing PPGto repl ace PACOL (hydrocarbon) at sanme v
(exanple 30 3). A significant inproverldnt in bl eeding (50%
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syneresis resulted. The grease of -exanple 8 with PPG passed

rippmg and
bot h

bl eedi'ng, dripping and sgneretase tiw |tmbehénPAGogizasal posatieul fmt |2
syneresis and drippidifks at380°Cc (A forced air oven is preferably used);
6. Clean any amount of grease that comes out of

the tips of the tube due to thermal expansion;
7. Weigh a clean, empty aluminum dish in grams

(W1):

- 8. Place the tube in a vertical position at 8o0°c;
_ 9. Place the aluminum dish under the tube in such
a way that the tip of the tube is a few millimeters from

10 the center of the bottom of the dish;

10. Leave the system at 80°C for 24 hours;
11. Reweigh the aluminum dish in grams (W2).

Inspect the dish for. any traces of liquid;

12. The difference in weight (W2 - W1) is the

15 dripping reading in grams.

The paper~bleeding test is described as follows:

MATERIALS

20 1. 5 ml syringe

2. 11 cm diameter, type 1 filter paper

3. Pyrex watchglass (12 cm diameter)
4. 600 ml Pyrex beaker
5. Lab spatula
2% 6. Analytical balance
7. Tweezers
8. Scissors
9. Forced draft oven set to 80°C

30 PROCEDURE

1. Load the grease compound into the syringe with
a spatula. Slowly press the plunger to eliminate air

bubbles.

35 (¥T 1) and record (to 0.0001 grams).

2. Cut a 1 in by 1 in. filter paper square; weight




15° : The effect of functionality is not clear:

_Exanples 6 and 7 showed that no significant inprovement was

‘increasing functionality from2 to 3. The sane can be obgefved b
conparing Exanples 8 and 9. 5 Exanmpl es 2 and 6 corrpar&t"héjﬁ a8
vi scosity greases made wi th hydrocadBon to that with PPG} linprovenent on

bl eedi ng and dripping tests resulted by replacing the géc
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rocarbon with
de——

non-syneresi s possidihfingeldnto the filterapppes Squite Gnwar eipewpsr ethbyv th 5
and 11, .. (Leave some room around the edges to allow the dab to

spread.) Weigh this "sample square" and rec
value as WT 2. '

3), and place it on the watchglass. Put the

ord this

4. Weigh an 11 cm diameter filter paper circle (WT

Ysample

square" on the cenﬁér of the filter paper, and cover with

a 600 ml beaker. .
5. Let the sample lie undisturbed at

10 .
temperature for 16 hours.

room

6. Weigh the sample square (WT 24) and the large

filter paper circle (WT 3a).
7. Replace the sample square under th
16
for 24 hours. .
8. Remove from the oven and allow to
minutes on a marble surface. Weigh the samp

e beaker, and

place the entire assembly in the oven. Do not disturb

cool for 5
le square (WT

2B) and the filter paper circle (WT 3B). Note any color

20 changes,

9. Discard sample square and filter paper.
10. When handling the sample square and the filter

paper circle, use only tweezers. Take care to keep

moisture and all foreign particles away from
25 . square.

CALCULATIONS
1. Initial Weight = (WT 2) - (WT 1)
2. Weight Loss = (WT 2) - (WT 2A or WT
30 3. % Weight Loss = Weight Loss x 100/I
4. Filter Paper Weight Gain = (WT 3A o
(WT 3)
5. Volatile Weight

the sample

2B)
nitial Weight
r WT 3B) -

a. (Weight Loss)-(Filter Paper Weight Gain) if

35 >0 or
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For the hydrocarbon grease, the Ms silica

i s but .pnot

20 :

b. 0, if (Weight Loss)-(Filter Paper Weight
Gain) <0
6. % Volatile Weight = Volatile Weight x
100/Initial Weight
7. % Nonvolatile Separatién = % Weight Loss -
% Volatile Weight

npn vélues are hsed to calculate weight change after
16 hours at room temperature. "“B" values are used to
determine weight change after the additional 24 hours at 80°C

MEASUREMENT ERROR

Due to repeated handling of the sample, some error should
be expected, especially in calculating volatile weight loss at
room temperature. All weights should be recorded to the
nearest 0.0001 gram. All calculated results should be
reported to the nearest whole number. At least three samples
should be tested simultaneously per compound to be evaluated.
The resulting percentage values can then be averaged to
determine the % Weight Loss and % Nonvolatile Separation.

These tests were used to determine the performance of
various grease formulations according to the invention.

Examples
The scope of the invention is further described in

connection with the following examples which are set forth for
the sole purpose of illustrating the preferred embodiments of
the invention and which are not to be construed as limiting
the scope.of the invention in any manner. In these examples
all parts given are by weight unless otherwise specified.

Examples 1-5 (Comparative) )
The number of formulations using hydrocarbon oils
have been prepared as representative of the prior art.
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Examples 1-4 are greases based on hydrocarbon loil

specifically, the polyalpha olefin oil as known as PAOL.

Examples 1 and 2 compare the properties of the
dgrease with different penetration (i.e., 310 vs. 390). Higher
penetration showed worse bleeding and dripping.

Examples 2-4 compare the propérties with different
oil viscosities. Generally, higher viscosity improves the
bleeding, but the grease still failed the dripping tests with -
too high bleeding, while Example 3 failed with too high
dripping. Example 2 failed both tests. _

Examples 1-4 all failed one of bleeding or dripping,
and/or syneresis. _

From these examples, it was concluded that PAOLs
{(hydrocarbon oils or petroleum based oils) are unsuitable
because they fail syneresis and dripping in general.

Examples 6-11 -
These examples are representative formulations of

the present invention.
Examples 6-11 are greases based on polypropyleneoxy glycols
(PPGs) of various molecular weight and functionality.

Examples 6-7 failed with too high bleeding and/or
dripping. These examples indicate that the minimum acceptable
molecular weight should be about 3000. Higher molecular
weight will easiiy pass the bleeding and dripping tests, but
may be too thick to be practically processed. Thus, a
molecular weight range of about 3000 to 8000 is preferred.

Example 8 compares the effect of utilizing PPG to
replace PAOL (hydrocarbon) at same viscosity level (example
3). A significant improvement in bleeding (50%), dripping and
syneresis resulted. The grease of example 8 with PPG passed
both bleeding, dripping and syneresis, while the PAOL grease
failed both syneresis and dripping.
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The effect of functionality is not cllear: however,

Examples 6 and 7 showed that no significant improvement was
observed by increasing functionality from 2 to 3. The same can
be observed by comparing Examples 8 and 9.

Ekamples 2 and 6 compare the low viscosity greases
made with hydrocarbon to that with PPG. Improvement on

bleeding and dripping tests resulted by replacing the

hydrocarbon with the PPG. Thus, PPG surprisingly improved
grease performance and made non-syneresis possible.

Examples 3 and 8 were compared with 5 and 11,
respectively. For the hydrocarbon grease, the M5 silica
improved syneresis and bleeding, but made the dripping worse.
For the PPG grease, the M5 silica improved the bleeding while
the dripping performance was retained. Thus, the MS silica
improves bleeding and syneresis but not the dripping.
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CONTAI NI NG ACTI VE HYDROGENS
14 .CAB-O SI L .
Gl Type Hydr ocar bon
Vi scosity of Base 4000
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SYNERESIS,
1 MONTH
NOTES:

None (no)

for syneresis:
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' ' WENT SHEE
W " % CAB- O SIL TS720 5 6 6 . | QEPLAREMENT SH 3l
Ant i oXi dant 3 2 2 Penetjrdti on @ 25C
380 375 390 15 (0.1 nm Dri pping @40¢ (&)1 AUE 1998
0.34 ' 0 0 SyQ)eresis (1 no.) Yes
No No 20 t
TABLE 2
GREASES WITH BASE OIL CONTAINING ACTIVE HYDROGENS
EXAMPLES 12 13 14
CAB-0O-SIL TS720 TS720 TS720/M5
Base 0il Type Hydrocarbon ° Polyoll E’olyol/P'F'G2
5 - .
Viscosity of Base 4000 5000 2700
Component (cps)
Molecular Weight - 2500 -
Wt. Base Component 92 92 92
Y gt. % caB-0-SIL M5
Wt. % CAB-O-SIL TS720 5 6 6
Wt. % Antioxidant 3 2 2
Penetration @ 25C 380 375 390
15 (0.1 mm)
Dripping @ 80C (g) _ 0.34 0 0
Syneresis (1 mo.) Yes No No
20
25
30
1 Polyol is Poly BD R4SHT by Arco Chemical.
2 50 parts of Polyol BD R45 HT with S0 parts of PPG
35

(4000 MW).
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‘Pol yol' is Poly BD R45HT by Arco Chemical | REPLACBMEND SHEET W
BD R45 HT with 50 parts of PPG (4000
3 1 AUG 1998
Examples 12-14 .20

Example 12 is representative of the prid¥ &TEt
whereas Examples 13 and 14 are representative of the grease
campositions of the present invention.

At the same viscosity level, the polybutadiene diol
showed improvement in bleeding, dripping and syneresis:
Example 13 passed all tests. Also, a blend of PPG/Polyol
(Example 14) does not effect the performance of polybutadiene
as long as the PPG falls in the molecular weight range
described in Table 1, i.é. one having a molecular weight
higher than 3000. '

Example 15
The syneresis observation for Examples 6-10 and

13-14 was conducted for an extended time. After a six month
period, none of the formulations of these examples exhibited
any oil separation (syneresis), thus indicating their
suitability for providing long service lives.

While it is apparent that the invention herein
disclosed is well calculated to fulfill the objects above
stated, it will be appreciated that numerous modifications and
embodiments may be devised by those skilled in the art, and it
is intended that the appended claims cover all such
modifications and embodiments as fall within the true spirit
and scope of the present invention.
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What is claimed is:.
1. A grease composition comprising:
about 75 to 95 parts by weight of a base component

-comprising a polyol having a molecular weight of at least

about 3000:; and
about 2 to 20 parts by weight of colloidal
particles. ‘ '

2. The composition of claim 1 wherein the colloidal
particles are one of silica, clay or a mixture thereof.

3. The composition of claim 2 wherein the colloidal
particles comprise hydrophobic fumed silica, precipitated
silica, clay or a mixture thereof.

4. The compdsition of claim 1 wherein the colloidal
particles are present in an amount of about 4 to 15 parts by
weight.

5. The composition of claim 1 further comprising about
0.5 to 5 parts by weight of an antioxidant.

6. The composition of claim 1 wherein the polyol is
present in an amount of between about 80 and 95 parts by
weight.

7. The composition of claim 1 wherein the polyol is a
polyether, polyester or hydrocarbon polyol.

8. The composition of claim 7 wherein the hydrocarbon

polyocl is a polybutadiene diol.
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10. The composiiton of claim-7 wherein the polyester
is polymerized castor oil.

11. The composition of claim 1 further cowprising a
rubber component in an amount effective to act as a bleed
inhibitor up to about 15 parts by weight.

12. The composition of claim 11 wherein the rubber
component is one of butyl rubber, ethylene propylene rubber,
ethylene propylene dimer rubber, chlorinated rubber or a
thermoplastic/rubber block copolymer. '

13. A grease- composition comprising:
about 80 to 95 parts by weight of a base component
comprising a polyol having a molecular weight of at least
about 3000;
about 4 to 15 parts by weight of colloidal
particles; and
- about 1 to 3 parts by weight of an antioxidant.

14. The composition of claim 13 wherein the antioxidant
is a sterically hindered phenolic compound.

15. The composition of claim 13 wherein the antioxidant
includes bis hindered phenol rings connected by a polyether
linkage.

16. The composition of claim 13 wherein the antioxidant
is triethylene glycol bis ([3-(3’-tert-butyl-4‘-hydroxy-5‘-
methyl phenyl) propionate].
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17. The composition of claim 13 wherein th ,gglloid&&~——mm“*“ﬁ

particles are one of silica, clay or a mixture thereof.

18. The composition of claim 17 wherein the colloidal
particles comprise hydrophobic fumed silica, precipitated

silica, clay or a mixture thereof.

19. The composition of claim 13 wherein the polyol is a

polyether, polyester or hydrocarbon polyol.

10
polyol is a polybutadiene diol.

20. The composition of claim 19 wherein the hydroca?bon

21. The composition of claim 13 wherein the polyester
polyol is one of an esterification product of a polyol with a

15
vegetable oil.

-

polycarboxylic acid, or a polymerized hydroxy terminated

22. The compositon of claim 21 wherein the polyester is

polymerized castor oil.

20

23. The composition of claim 13 further comprising a

rubber component in an amount effective to act as a bleed

inhibitor up to about 15 parts by weight.

26 24. The composition of claim 23 wherein the rubber
component is one of butyl rubber, ethylene propylene rubber, .
ethylene propylene dimer rubber, chlorinated rubber or a

thermoplastic/xrubber block copolymer.

30 25. A cable filling material comprising the grease

composition of claim 1.

26. A cable filling material comprising the grease

composition of claim 13.
35
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consi sting essentlarly oft alous to 95 parts by wei ght
conprising a polybutadiene diol, triol or tetrol and havi
wei ght of at | east. about 3000; and about 22 to 15 parts by

col loidal particles pf SilGaeiCl@Vof" énd¥EUES§et£§H§¥islng a cable having
a sheath and the grease composition of claim 1 located within
said cable sheath. '

28. The article of claim 27 further comprising a
plurdlity of optical fibers located within the cable sheath in

5
contact with said grease composition.

29. An article of manufacture comprising a cable having

a sheath and the grease composition of claim 13 located within
10 Said cable sheath. '

30. The article of claim 29 further comprising a
plurality of optical fibers located within the cable sheath in
contact with said grease composition.

15

31. A method for introducing a -grease composition into
~a fiber optic cable- which comprises:

removing a grease composition from a reservoir under
op low shear; ’ '
reducing the viscosity of the composition by
subjecting the grease composition to sufficient shear
conditions; and . _
_ extruding the grease in the reduced viscosity
9 condition into a fiber optic cable and around the fibers
therein.

32. The method of claim 31 which further comprises
increasing the temperature of the grease composition while the
30 Viscosity is reduced.

33. The method of claim 32 which further comprises
including an antioxidant in the grease composition to
withstand the increased temperatures achieved during the

35 viscosity reducing step. '
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The conp05|1|on 6f Claim 1 wherein the coll oi dal par
present in an anount of at |east about 423%arts by weight.
conposi tion of claimgl f&ﬁ&hﬁétwsnsu:uaﬂm%ﬁméx@wtﬁé

Lol & oor o fetiuded A88F" a0 Hiide oBbifredils pn. 3 tempry

Braenls e NI 7 7=

uf

r.ubber, ethyle&ﬁQTﬁQﬂﬁflene di mer rubber, chlorinated rubber or a

t her nopl asti ¢/ rubber bl ock copol yner.

35. The method of claim 31 wherein the grease

5
is directed into a conduit which is heated to maintain the
temperature of the grease composition at at least about 80°C.

36. The method of claim 35 wherein the heated grease

10 composition is directed to a gear pump which subjects the
grease composition to sufficient shear conditions to reduce
its viscosity and raise its temperature to facilitate ease of
extrusion of the grease into the fiber optic cable.

15 37. The method of claim 36 wherein the gear pump is
operated at about 5,000 to 20,000 revolutions per second.

20

25
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antioxi dant in an anount of between about 0.5 and 5 parts R
A cable filling material of a grease comnposition consi stingje
about 75 to 95 parts by weight of a polagester polyol
functionality of at |eas 430 ‘ :
and about 2 to 1 S o6 ekt S isL Lt

m xtures thereof. 8. The conposition of claim7 wherei esﬁuﬁngyes%er—”““
pol yol is an esterification product of gpepha® W th a polycarboxylic acid

or a polynerized hydroxy term nated vegetable oil . 9. The conposition

of claim?7 wherein the polyester polyol is a polynerized
A grease composition for use as a cable filling

6. The conpositfon'of claim11 further consisting-essentﬁ@ﬁ.'

ran )
i

nmaterial which contains about 75 to 95 parts by weight of a

5
base component of a polyol or ester having a molecular weight
of at least about 3000 and about 2 to 20 parts by weight of
colloidal particles such as silica. Optionally, an
antioxidant component can be added to impart high temperature

10 resistance or a rubber component can be added to improve bleed
resistance. Also, an article of manufacture of a cable having
a sheath with one of the grease compositions of the invention
located therein, and a method for filling the cable with such
grease compositions.
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ester of a carboxylic acid having at |east 8 carbon atp . id
at anbi ent terrperﬂl ' ate ester, or pol ynefrg%%;g@ﬂ@ S%#qu}]
10: ~*The conposi “ﬂﬂ"ﬂlﬂﬂﬂwmmherel n the colloidal}]pprticles are
hydr ophobi ¢ funed Silfcat pted pittated silica, clay or| n] x@ dAVt 989eqf ,
and are present in an anount of at |ea@fl 4 parts by wej ght.

CLAIMS
What is claimed is:

1. A cable filling material of a grease composition consisting essentially of
about 75 to 95 parts by weight of a polyol comprising a polybutadiene diol, triol
or tetrol and having a molecular weight of at least about 3000; and about 2 fo 15
parts by weight of colloidal particles of silica, clay or mixtures thereof.

2, The composition of claim 1 wherein the colloidal particles are hydrophobic
fumed silica, precipitated silica, clay or mixtures thereof.

3. The composition of claim 1 wherein the colloidal particles are present in
an amount of at least about 4 parts by weight.

4. The composition of claim 1 further consisting essentially of a rubber
component in an amount of up to about 15 parts by weight.

5. The composition of claim 4 wherein the rubber component is butyl rubber,
ethylene propylene rubber, ethylene propylene dimer rubber, chlorinated rubber
or a thermoplastic/rubber block copolymer.

6. The composition of claim 1 further consisting essentially of an antioxidant
in an amount of between about 0.5 and 5 parts by weight.

7. A cable filling material of a grease composition consisting essentially of
about 75 to 95 parts by weight of a polyester polyol having a hydroxy functionality
of at least 2 and a molecular weight of at least about 3000; and about 2 to 15

parts by weight of colloidal particles of silica, clay or mixtures thereof.

8. The composition of claim 7 wherein the polyester polyol is an esterification
product of a polyol with a polycarboxylic acid or a polymerized hydroxy
terminated vegetable oil.

9. The composition of claim 7 wherein the polyester polyol is a polymerized
ester of a carboxylic acid having at least 8 carbon atoms which is a liquid at
ambient temperature, a recinoleate ester, or polymerized castor oil.



11. The conposition of clai m 7-further consisting esse
conponent in an anount of u Mut' 15 parts by weight

conposi tion of cl rubber conponent is
et hyl ene propyl ena\m“ﬂ

rubber or a thernoptasti c/rubber bl ock pol ymer . 13.
of claim?7 further consisting essentially of an antioxid
bet ween about 0.5 and 5 parts by weight. 14. A cabl e

()Qp&);| ene di nmer rubb«pr @5

ptatty—et—+ubber—
REH@CEMEWBESHEET

U rupber,

I'he corrpo?it i oh

bhn annniint
r Il MII ATTOTTT

filling materi al

of

of a grease t@npo¥he icompositien of claign ésvhaneindhe golisidal ipadicleF5ATEs 95 parts by

ol acul ar welinpeiapiE el @i et b ity o pRtygh BB gha e °

present in an amount of at least 4 parts by weight.

11. The composition of claim 7 further consisting essentially of rubber
component in an amount of up to about 15 parts by weight.

12. The composition of claim 11 wherein the rubber component is butyl
rubber, ethylene propylene rubber, ethylene propylene dimer rubber, chlorinated
rubber or a thermoplastic/rubber block copolymer.

13.  The composition of claim 7 further consisting essentially of an antioxidant
in an amount of between about 0.5 and 5 parts by weight.

14. A cable filling material of a grease composition consisting essentially of
about 75 to 95 parts by weight of a polyol having a hydroxy functionality of at
least 2 and a molecular weight of at least about 3000; about 2 to 15 parts by
weight of colloidal particles of silica, clay or mixtures thereof, and about 2 to
about 5 parts by weight of an antioxidant of a sterically hindered phenolic
compound so that the composition has an oxidative induction time of at least
about 10 minutes at 190°C. in a pure oxygen environment.

16.  The composition of claim 14 wherein the antioxidant is present in an
amount of at least about 3 parts by weight so hat the composition has an
oxidative induction time of at least about 30 minutes at 190°C. in a pure oxygen

environment.

16.  The composition of claim 14 wherein the antioxidant is triethylene glycol
bis [3-(3'-tert-butyl-4'-hydroxy-5'-methyl phenyl) propionate].

17. The composition of claim 14 wherein the colloidal particles are
hydrophobic fumed silica, precipitated silica, clay or mixtures thereof.
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conposition of claim 14 wherein the colloidal particles are

19.  The composition of claim 14 wherein the polyol is a polyether polyol, a
polyester polyol or a hydrocarbon polyol.

20. The composition of claim 14 further consisting essentially of a rubber
component in an amount of up to about 15 parts by weight.

21.  The composition of claim 14 wherein the polyol is a polymerized ester of
a carboxylic acid having at least 8 carbon atoms which is a liquid at ambient
temperature.

The
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ABSTRACT

A grease composition for use as a cable filling

5 material which contains about 75 to 95 parts by weight of a
base component of a polyol or ester having a molecular weight
of at least about 3000 and about 2 to 20 parts by weight of
colloidal particles such as silica. Optionally, an
antioxidant component can be added to impart high temperature

10 resistance or a rubbe; component can be added to improve bleed
resistance. Also, an article of manufacture of a cable having
a sheath with one of the grease compositions of the invention
located therein, and a method for filling the cable with such
grease compositions.
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