The present invention relates to a grease conposition that incl gﬁ
colloidal particle filled, high nolecular weight polyol base coﬂb nent ™ t h
| ow | evel s of unsaturated nono-conpounds, and to articles such as sheat hed

comuni cati on cabl es, especi t Qﬂ%ﬁJ ' ical fiber bundles,
whi ch include grease corrposic?nhs suc ¥ Wﬂ%ogto ed herein.

Background of the Invention #& B NS » @i d or sem -1liquid
substance mhlch i ncludes a thlckenlng or gelllng agent inaliquid carrier.
Al most any havi i cating properties may be used with a suitable
gelling ag ease. Petroleumoils, fatty oils such as castor

oi |, pol y&l kyl ermaglymmm shmtdret ian dretarss, tesid ipaise ddnpuDadipns and
pol yphery! t‘ﬁ“‘?[%’ o ifoldnf MG £ a0 nh HaiRahian o,
1967, pagedveigh %ygﬂ base component with low levels of unsaturated
mono-compounds, and to articles such as sheathed
comnmunication cables, especially those containing optical
16 tiber bundles, which include grease compositions such as
those disclosed herein.

Background of the Invention

A grease typically is a solid or semi-liguid substance

15 which includes a thickening or gelling agent in a liquid
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
glycols, synthetic diesters, silicones, fluorocarbons and

20 pelyphenyl 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 agents frequently used in greases
include fatty acid soaps, clays, silica, organic dyes,

25 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 stress

30 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 betwaen filler particles, and
these junctions can reform following the removal of the

35 source of the stress.

A desirable property of the grease is the absence of
syneresig, i.e., its ability to maintain uniform consistency.

REPLACED SHEETS SG :
B4 Deseripiion @ pared b to paged LB This Sheet Has Been Replaced

A Claim(s) cpraed LB o paged -
M Drawdn, ) e LT g wed .. 2

HE BRI if! to paged T

ek s 1 semrenvesssssuiseascesiasteasnennons




D 18 SO S swa I8 FTERINYLL 8 L L1WVITY T 8 & W o W s s T T

223-228). The gelling agents frequently used in greases include fatty acid
soaps, clays, silica, organic dyes, am des, and urea derivatives. The
gelling agent forms a network structure.ighahich the carrier is held by
capillary forces. Wien a |ow stress is applied through a sanple of grease,
t he mat eri dersxtel lgubsymetriealilay 15 centradilied byf aassriegsdibpuesionroti cal
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decrease in viscaosity is largely reversible since it 1stypically caused by
t he, r upt ur EHPIEAHe j unctions between filler particles, and these

junctions can r eheiasd Wonpdgiziohe haveydeenl uskd asuceplef fibEifgress. A
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wall as for optical fiber cables. U.S. Patent 4,701,016
discloses grease compositions comprising an oil, a gelling
agent such as colleidal particles of silica or clay, and
optionally & bleed inhibitor. The oils which are disclosed
10 as being useful in the compositions of that patent include
certain naphthenic or paraffinic oils having certain specific
gravities and propertias, polybutene oils of similar specific
properties, triglyceride based vegetable oils, polypropylene
oil, chlorinated paraffin oils, and polymerized esters. The
18 colloidal particle filler material preferably comprises
eilica particles such as fumed silica or precipitated silica.
Preferred bleed inhibitors include styrene-rubber, styrene
rubberstyrene, or other block polymers, and/or semi-liquid
rubbers such as high viscosity polyischutylene. Other
20 ingredients such as thermal oxidative stabilizers optionally
may 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
28 grease. Thus, relatively stiff greases are obtained which
are not entirely suitable for such fiber optic cables. In
particular, such atiff greases will affect attenuation
(microbending) of the fiber optic cable at relatively low
temperatures (i.e., below about 50°F). Furthermore, if the
30 amount of silica is reduced to lower the viscosity of the
grease, the shear characteristics of the formulation are
reduced to a valve which is less than desirable. Morsover,
such a reduction in silica often results in syneresis.
U.S. Patent 4,839,970 to Goetze at al. discloses a
35 filling compound that can be utilized to £ill light waveguide
leads or light waveguide cable cores. The filling compound
comprises polypropylene glycol to which a second compound
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filler T Y laanéDJ ie r‘gﬂé/“c&rg)r hoaring characteristice such that
the compositions are suitable for use with fiber aptic cables
even at lower temperatures. 1In addition, these formulations
must provide properties which are capable of passing the
appropriate drip tests, paper bleeding tests, and syrneresis
25 requirements for such cable filling greases.

Suzmary of the Invention

The present invention relates to a gel for use in an
optical fiber huffer tube, which gel contains between about
30 75 and 95 parts by weight of a base comgpnent of a polyol
having a molecular weight of at least 4,000, and between
about 2 and 15 parts by weight of a thickening agent, such as
colleidal particles.
Preferably, the polyol is a polyether polyol having a
35 molecular weight of at least 4,000 up to as high as about
25,000, Preferably, the molecular weight is between 6,000
and 15,000 and more preferably between 8,000 and 12,000. To
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silica particles such as funed silica or precipitated silica. Preferred
bl eed i nhibitors include styrene-rubber, styrene rubberstyrene, or other
bl ock polynmers, and/or sem -liquid rubberg such as high viscosity

pol yi sobutyl ene. Ot her ingredients such as thermal oxidative stabilizers
optional | y athievepthesatmobreulids wkdghitae tife (Hed yodspgeineraddyohavhea

above citedrpah8ad, i Salhelvaby afow ebint i) L@ MRiMNthraited hopd Must be
i ncl uded to_neet the aggroprl e service re U|renen%§nfor t he grease. Thus,
PRy sBRCh

rel atively SPFPPUY r 38 obPRF AR P et/ Ang, PREERFabiY: A8BE 1 or
such fiber thancocadlmeq/gn particular, such stiff greases will affect
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than desiragle, ,dREFO¥&Fticles, which preferably include silica, clay or
nixtures thereof, may be present in an amount of between
10 about 4 to 12 parts by weight and preferably between about &
and 11 parts by weight.

The composition alsc includes between about 1 and 5
parts by weight of an antioxidant to improve the high
temperature properties of the grease composition. A

183 preferred antioxidant, Irganox 245, is used in an amount of
about 1 to 3 parts by weight, so that the composition can
withstand at least about 10 minutes at 190°C in a pure oxygen
environment.

The composition may optionally include a thermoplastic

20 elastomer in the amount effective to act as a bleed inhibitor
but in an amount less than 15 parts by weight. Many
different thermoplastics elastomers such as polyurethane
elastomers, preferably those which include a pendent or

extra-linear 454} group, polyester elastomers, and

25 polyterephthalates can be used.

Detailed Description of the Invention

The polyol containing gels of the present invention are
ideally suited for use in connection with the f£illing of
optical fiber cable, such as those disclosed in U.S. Patents
4,645,258, 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 gel comprises at least two major components,
namely, (1) a polyol having a molecular weight of at least
4,000, and (2) an agent which imparts thickening to the

30

35
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such a reduction in silica often results in syneresis. U S. Patent
4,839,970 to CGoetze et al. discloses a filling conpound that can be
utilized to fill light wavegui de | eads or8l+ght wavegui de cable cores. The
filling conpound conprises polypropyl ene glycol to which a second conpound
-3- chosen PP&NP#hQrgFBGﬁrcoﬁBth$%g°Q#1Q#44kxﬂﬂﬁ§Nﬂ%QﬁunlBydﬂbkﬂagidant

al um;]I gu 31 oxijde geneballageassantai :Eihjﬁﬂoﬁ? glﬁm & SNTRRUNREr a® 12 Gl pwaaﬁglihir eof,
approxi mae oFy 50% SoRBBREcE8RS 1 Veqlted ATHRH Rt BEuRiRal rockHEL
bet ween appid¥enkieny sobissdpbokibiter hia hemiopiassic: kdassouved can
conpound. sFigehdadiasts eHbePrViIBEsBY | A&t hida Adnpotantst,Ni Xot ropi ¢ agent
's used as the The preferred polycls of the invention include polyether
polyols including polyoxypropylene glycol or
polytetramethylene glycol, diol, triol, tetrol, etc., as well
as hydroxyl terminated polyethers having a molecular weight
10 of at least about 4,000. The upper limit for molecular
weight is not critical, provided that the polyol is a liquiQd
or at least is a semi-solid at room temperature. Solid
polyols are more difficult to formulate and are not preferred
for that reason. An upper limit for molecular weight can be
18 as high as about 20-~25,000. Those polyols having a molecular
weight of about 6,000 to 15,000, and more particularly about
8,000 to 12,000, are praferred.
It is advantageous to use polyols having low levels of
unsaturated mono-compounds. Polyalkylene oxides or polyether
20 polyols for making polyurethanes are typically prepared from
the polymerization of epoxide= (mwost commonly propylene oxide
or ethylene oxide) with an alkaline base catalyst such as
potassium hydroxide. Polyhydric initiatorz of varying
functionality are oxyalkylated to prepare polyether polyols
2% with varying functionality. For example, difunctional
alcohols such as propylene glycol, dipropylene glycol, or
tripropylene glycol are commonly used as starters to prepare
difunctional polyether polycls (tricls). Trifunctipnal
alcohols like glycerol and trimethylal prapane are commonly
30 used to prepare trifunctional polyether polyols (triols).

The base catalyzed polymerization of propylene oxide
results in a competitive reaction between the desired attack
at the oxirane ring, to form polyols by ring-opening
polymerization, and a side reaction in which the base attacks

35 at the methyl group, to form allyl alcohol. The allyl
alcohol then acts as a monofunctional initiator, which
propoxylates to form monol,

RN

This Sheet Has Been RTlaced



rep ly 30 14.04 IR FoNmnac ¢ DUNVNY TV Wl i W Wl P 8 Wl w

second compound, and the pol ypropyl ene glycol has an average nol ecul ar

wei ght of between approxi mately 2000 to about 3500. In a further

enbodi ment, the filling conmpound includesgan antioxidant which is present
in an anount of approximately 0.1 to about 1 weight percent of the filling
conmpound. Wi | e THee fhicaste obimdriudt ipﬁfaemtolqaﬂ tis meaduredsbgl tdpratibn
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triol capped with 8% e ylene oxide having an unsaturation
value of 0.095 meq/y means the polyol contains 42.5 mole %
10 monol or 20 weight % monol.

The monol species with unsaturated end groups act as
chain terminators in elastomer formation. This limits the
molecular weight of the elastomer and lowers the physical
properties of the polyurethane. The formation of terminally

18 unsaturated end groups results in a substantial loss in
hydroxyl functionality. For example, a 6200 molecular weight
triol with 0.095 meg/g of unsaturation has a calculated
functionality of only 2.14.

In polyols prepared with base catalysts, the amount of

20 unsaturation formed increases as a direct function of
equivalent weight and eventually conditions are established
in which the amount of unsaturation being formed balances the
additional molecular weight of the growing chain. The rate
of unsaturation formation with KOH catalysis can be lowered

25 by using lower temperature and longer reaction times, but
this makes the process prohibitively expensive., In actual
practice, 2200 is about the highest egquivalent weight
obtained with KOH catalysis (4400 MW diol, 6600 MW triol},
and these polyols typically contain more than 0.095 meg/g of

30 unsaturation.

In contrast, with double metal cyanxde (DMC) catalysts,
the amount of unsaturation formed increases very slowly with
increasing polyol eguivalent weight, which allows the
synthésis of ultra high molecular weight polyols containing

35 low levels of monol, i.e., less than about 0.05 meg/g of
unsaturation, and typically about 0.015 to 0.03 meg/g. Arco
Chemicals as theilr R-18XX series, as well as from Polyols of
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Summary of the Invention The present invention relates to a gel for use in
an optical fiber buffer tube, which gel contains between about 75 and 95
parts by wei ght of a base conponent of a golyol having a nol ecul ar wei ght
of at |east 4,000, and between about 2 and 15 parts by weight of a

t hi ckeni ng enent typecirascomhérs sl 1ypavaClasie Anefetaliny coperpeival, is a
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Iom/contegtpg;t o3 ééﬁﬁlﬁb fgggbropylnnn diols. Generally, these
polyether diols are prepared by condensing a large excess of
an alkylene oxide, such as ethylane oxide or propylena oxide
with a glycol, as is well known in the art. As noted above,
to achieve a relatively low amount of unsaturated

10 monocompounds, the raeaction is conducted in the presence of
double metal cyanide catalysts. The glycol can be a diol,
such as the alkylene glycols, e.g., ethylene or propylene
glycol, or an ether glycol, such as diethylene glyccl. The
Arco R-18XX series are the most preferrad.

15 Among the thickening agents which art useful in the
present invention are colleidal particles. Colloidal silica,
either hydrophilic or hydrophobic, preferably a hydrophobic
fumed silica having a BET surface area between about 50 and
about 40 w’/gm, is preferred. An example of a hydrophobic

20 fumed silica useful in the practice of the invention is a
polydimethylsiloxaneccated fumed silica having a BET surface
area of about 80-120 w’/gm, containing about 5% b.w. carbon,
available from the Cabot Corporation of Tuscola, Ill., under
the trade designation Cab=-0-8il TS 720. An exemplary

25 hydrophilic colloidal material is fumed silica with a BET
surface area of about 175-225 n’/gm, nominal particle size of
0.012 pm, specific gravity 2.2, available from the Cabot
Corporation under the trade designation Cab-o-Sil M=5.
Mixtures of these materials also may be used. Other

30 colloidal fillers useful in the practice of the invention are
precipitated silicas and clays such as bentonites, with or
without surface treatment. Other inorganic colloidal
particles may also be used, if desired, although the silicas
are preferred.

35 Among the thermoplastic elastomers that may optionally
be amployed in the compositions according to the invention
are the polyurethane elastomers which are based on polyether
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conpounds, such as less than 0.05 neq/g and preferably | ess than 0.03
meqg/ g. The preferred anmount of polyol to be used in these conpositions
ranges between 80 and 95 parts by wei ght- #®okyoxypropyl ene glycols are the
nost preferred polyols. The colloidal particles, which preferably include
silica, cl ayaM/mt xpaotrestor rpolyuraihanesr edantpantisulameutheopobytleen
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grease conpocnr nmﬂyﬁrquicmeegnxcnlcbasEdHPOMyq;Mmmxpmaspra$hasedcan be
anount of alt gﬂ. terfi eyl n
wi t hst and at east 9%%%)3%% r#‘y sﬂeﬁanlgbg’ %ri%%?"é’&“%%g}‘gg’%
envi r onment . AGRELES HLATEGRIT §SAR R 1R Ne 9“? | ude a thernopl astic
The thermoplastic e¢lastomers are non-reactive, heat
processable materials. One preferred slastomer is MILLATHANE
E-34, a linear thermoplastic millable polyurethane elastomer

10 which has a pendent group that contains an aliphatic, none-
benzenoid -G=G- mojety. Examples of these type thermoplastic

elastomers are found in U.S. Patent 3,043,807. This
component, which is not crosslinked, can be used to impart
tack to the composition, which property enhances the ability
of material to resist dripping after plabemsnt in the cable.

Other suitable elastomers include the LOMOD polyester
and polyester copolymer elastomers made by Ceneral Electric,
VALOX, a polybutylene terephthalate made by General Electric,
the PELLATHANE thermcplastic polyursthanes made by Dow
Chemical and the ESTANE thermoplastic polyurethanes made by
B.F. Goodrich. These elastomers are generally used in an
amount of about 1 to 15 parts by weight.

By following the combination of ingredientz disclosed
above, the grease of the present invention is characterized
as being non-dripping with high penetration and a low yield
stress, The high penetration capabilities as a grease allows
a better flujdity. That is, lower viscosities may be used so
that the cable may be more easily £iiled with the grease.
Furthermore, the present invention provides 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 easily and
faster, avoiding microbending difficulties which can cause
attenuation in fiber optic cable.

15
20
2%
30

35
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el astoner in the anount effective to act as a bleed inhibitor but in an
anount | ess than 15 parts by weight. Many different thernoplastics

el astonmers such as pol yuret hane el astoners referably those which include
a pendent or extra-linear [err] group, polyester el astomers, and
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thi ckening totthe present invention have not exhibited syneresis in any
tests conducted so far.
When introducing the grease into the fiber optic cable,
10 it is important to achieve as low a viscosity as possible so
that the fibers are not moved. This is achieved by
introducing the grease under high shear into the cable. This
can be accomplished by retaining the grease compositioﬁ in a
reservoiy such as a drum upon which a drum pump of the piston
15 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 to at least about 80°C. The grease then is
directed through a gear pump which is operated under high
20 shear conditions of about 5,000 to as high as 20,000
revalutions per sec. A 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
25 cable at temperatures of about 500 to 600°F, preferably at
about 550°F. Unlike prior art greases, the formulations of
the invention are relatively stable at that temperature.
As noted above, an antioxidant may be used to inpart
enhanced stability to the grease at such elevated extruding
30 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 CH«Oz. This compound is also known as triethylene
glycol bis (3=(31-tert-butyl=-4'-hydroxy-5'-methylphenyl}
35 propionate]} or ethylene bis {(oxyethylene) bis (3~tert-butyl-
hydroxy-5~-methyl hydro cinnamate). Other bis hindered phenol
rings connected by a polyether linkage should provide
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- 5 - polyol or ester, such as colloidal particles. An antioxidant is
generally used to inprove the high tenperature properties of the
conposition. |If desired, although not cri¥@cal to the invention, a bleed
inhibitor of a thernoplastic el astoner can be added to the previously

descri bed cGREPAEBPIe YREVRES; cPREITRS Trwaney 4R ifrnrferFad,duedo
pol yet her pakyokeadycugnegchal yavypIapyleog. gl ycol or pol ytetranet hyl ene
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ore dlffIC%&%a%% E%rgﬁka % gnga EgiﬂgéaPrEEQ£r§§Lt under nitrogen
pressure and is conditioned at 190°C. Thereafter, pure
oxygen is pumped inte the calorimeter and changes in the
grease are measurad. In order to provide a suitable grease,
10 the material must be able to withstand approximately 10
minutes at 190°C in a pure oxygen environment. 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 modified Belcore test.
15 Increasing that level to about 2% increases the resistance of
the grease to the test environment to about 12 minutes.
Finally, an addition of about 3% Irgancx 245 allows the
greases of the present invention to achieve a 30 minute or
higher rating in the previously described test: this is an
20 optimum condition which is guite unexpaected for these types
of materials.

Thus, the compositions of the present invention are
capable of passing the appropriate tests for obtaining
suitable grease compositions for filling fiber optic cable.

25 These tests include a syneresis observation, an 80¢C drip
test, and a bleeding test utilizing a 0.1 millimeter
penstrant at 25°C,

A conventional optical fiber buffer tube or cable
includes a plurality of glass fiber cores, each of which

30 typically has a polymerized coating thereon for moisture
protection. These fiber cores are golor coded so that
operators can select the proper ones for splicing or other
connections. Thus, a pigmented material, usually of an
uncrosslinked PVC material, is applied to the exterior of

38 each fiber core to impart a desired color thereto. The fiber
cores are collected and placed into a cable. Thus, the cable
grease must be one which is compatible with the ink. For
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for that reason. An upper limt for nolecular weight can be as high as
about 20-25, 000. Those pol yol s having a nol ecul ar wei ght of about 6,000 to
15,000, and nore particularly about 8,000 X% =12, 000, are preferred. It is
advant ageous to use poI oIs haV|n Iom1|eve|s of unsat ur at ed
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functional gty £RE. exanpl e, difunctional al cohol s such as propyl ene glycol,

di propyl ene glycol, or tr Iene col conmmon used as starters to
prepare difuncti oﬁa?y'b%?? ‘gjsg?tﬁ"o? 'W"Fl‘F‘HXRﬁ‘TW‘ A% ohol s
li ke glycer otomdctiamthgd:mow Opee formubatbony arse oridpirRYANcetained

trifunCtiOnaingglX&i@fﬁlgoﬁgﬁifiﬁﬁfjOiéa'obsarved for oil separation over
a period of one month. The formulations of the instant
10 invention exhibit no syneresis over a periocd of at least six
months; it is unlikely that any syneresis will be encountered
for longer times of use of the grease.

The 80° drip test is described as follows:

1. Use a 12 inch long buffer tube;

18 2. Insert three 12 inch lang optical fibers into the
tube.

3. Fill the tube with the grease to be tested by
injecting the sanmple of the composition with a 5 cc
syringe. WNo air should be trapped in the tube;

20 4. Place the tube in a horizontal position for 2 hours
at room temperature; ’

5. Place the tube in a horizontal position for 2 hours
at 80°C (A forced air oven is preferably used);

6. Clean any amount of grease that comes out of the

25 tips of the tube due to thermal expansion;

7. Weigh a ¢lean, empty aluminum dish in grams (Wl);

B. 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 nillimeters

30 from the center of the bottam 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 - WI)-is the dripping

as reading in grams.

The paper bleeding test is described as follows:

—_—
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The base catal yzed pol yneri zati on of propylene oxide results in a
conpetitive reaction between the desired attack at the oxirane ring, to
form pol yol s by ring-opening polynerizatix®,~and a side reaction in which

t he base attacks at the nethyl group, to formallyl alcohol. The allyl

al cohol theMARBRIAIS a nonof unctional initiator, which propoxylates to form
monol . -6- Thg anogntyyots gqggg in a polyol is nmeasured by titration of
the unsaturated end gr.Qups ted as n1£I|eqU|vaIents of unsaturation

per gram of pol y&-. S&Hc@mtagaﬁﬁFEEulEypﬁe?gﬁ 188X {PRP®onol i s | ess than
one third the nolsacul @yrexi gatchflake (LRotyp Aismetdr)nount of term na

unsatunmjénltraqglat%%oi&ﬁopgkgg gghﬁepercentages of nonol

5, Lak spatula

6. Analytical balance

7. Twaezers

8. Scissors

i0 9. Forced draft oven set to 80°C
PROCEDURE

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

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

15 (WT 1) and record (to 00,0001 grams).

3. Slowly apply 1 ml of the compound from the syrlnge
ento the filter paper square in a circular dab. (Leave scme
room arocund the edges to allow the dab to spread.) Weigh this
“sample square and record this value as WT 2.

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

5. Let the sample lie undisturbed at room temperature

25 for 16 hours.

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

7. Replace the sample sgquare under the beaker, and
place the entire assembly in the oven. Do not disturb for 24

30 hours. .

B. Remove from the oven and allow to cool for §
minutes on a marble surface. Weigh the sample square (WT 2B)
and the filter paper circle (WP 3B). Note any color changes.
' 9. Discard sample square and filter paper.

35 10. When handling the sample sguare and the filter
paper circla, use only tweaezers. Take care to keep moisture
and all foreign particles away from the sample square.

eet Has Been Replaced
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For exanple, a 6200 nol ecul ar wei ght pol y(propyl ene oxide) triol capped
with 5% et hyl ene oxi de having an unsaturation val ue of 0.095 neq/g neans

t he polyol contains 42.5 nol'e % nonol or=20% wei ght % nonol . The nonol
species with unsaturated end groups act as chain termnators in el astoner
formation. TEBALQULATIONShe nol ecul ar wei ght of the elastoner and | owers the

physical propertias of rnieipcl weighbane(wihe) fnr of termnally
Flnot i onal ty. Fof exalensie, Losg 2 THECHFT: &éﬂrgﬁ? 5 W en 0. 095 meal g
of unsaturation hds a daNed@htcBossr®tionality of only 2.14. In polyols

prepared wigh base catalystwei? £ ﬁg@yﬂk Poo MO8 f%iﬁfﬂw {or med i ncreases
é%Pcondltlons are

as a direct functlon o] ui val ent ' event ua
establ i shed in whi*h t éﬁg ? BF ﬁﬁi@? r%ﬁﬂ%n bei ng forned bal ances the
addi ti onal nol ecul ar melght(ﬂr BheoyrWlv 3B) cha{WT Ihe rate

5. Volatile Weight

a. (Weight Loss)-(Filter Paper Weight Cain)

10 " if >» 0 or
b. g, if (Weight Loes)~-(Filter Paper wglght
Gain) <

6. ¥ Volatile Weight = Volatile Weight x
100/Initial Weight
15 7. % Nonvolatile Separation thght Loss %
Volatile Weight
"A" values are used to calculate weight change after 16
hours at room tamperature. "BP valuaes are used to determine
weight change after the additional 24 hours at 8o0°C.
20 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
25 reported to the nearest whole number. At least three samples
should ba tested simultanecusly per compound to be evaluated.
The resulting percentage values can then be averaged to
determine the % Weight Loss and ¥ Nonvolatile Separation.

30 Examples .

The scope of the invention is further described in
connection with the following examples which are set forth
for the scle purpose of illustrating the various preferred
embodiments of the invention and which are not to be

35 construed as limiting the scope of the invention in any
manner. In these examples all parts given are by weight
unless otherwise specified.
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of unsaturation formation with KOH catal ysis can be | owered by using | ower
tenperature and | onger reaction tinmes, but this makes the process

prohi bitively expensive. In actual practd g, -2200 is about the highest
equi val ent wei ght obtained with KOH catalysis (4400 MV diol, 6600 MV
triol), and Eﬂgﬁglgﬁ_xgis typically contain nore than 0.09 neq/g of

unsat uration C atal ysts, the
anount of unsatur‘g$+] g?%‘rmn%%l ncrlgesags verfr'%baa%e%e\ﬁl%%‘ﬁgrlé‘gm ng pol yol
equi val ent ..watghrdingi €p the medifted \Belnare tEstl tra hi gh nol ecul ar

wei ght pol yols containing |low | evel s wtamerw! ¢ir ﬁ%rtd hha&h X?Ut 0. 05

nmeqg/ g of ugsaturaggggg&amﬂ typically abaut O. 015 te 0.03 neg/g. Arco
Chem cals @s their R-18XX series, as well as fron1PonoIs of
Polypropylene Glycol
4000 mol. wt. a9 87 87

Silica particles
Cab-0-s8il TS-720 10 10 10

10 Antioxidant
Irganox 1076 1 3 -

Irganox 245 - - 3
Belcore Test Results
{(ninutes) 1.6 7.9 36

These tests show the unexpected performance achisvable
with the Irganox 245 antioxidant, whereby the usa of three
parts of this component enables the grease to withstand 36
minutes in the test., In general, however, the present
invention discloses that greater amounts of antioxidant are
needed compared to those taught by the prior art (e.g., by
U.S. Patent 4,839,970) in order to achieve the desired level
of performance in the Belcore test. However, one skilled in
the art can select the optimum amount of any particular
antioxidant by routine testing.

15

25
Exanple 4

The following examples were prepared using higher
molecular weight polyols that have a reduced level of mono
unsaturated compounds. The specific procedure is as follows:
2.5 g (1%) of the antioxidant (Irganox 245) is dissolved in
222.5 g (89%) of polyol on a hot plate. The mix is cooled to
room temperature and blended with 25 g (10%) =silica (Cabot
720) until homogeneous. ' The mix is then taken out of the
blender and milled twice on a three roll mill. Three fibers
were tested in each grease as described above. Also
performed was a paper oil bleeding test with the same
greases. POLYOLS: Arco R-1857 (2,000 MW diol}; Arco R~1885

i This Sheet Has Been Re ﬂ
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-7- this type are coomercially availabl fromdin corporation, as their
POLY-L[err] polyols. Such polyols have been found to be very useful in the
present cabl e grease conpositions. The pfefgerd ed pol yether polyols are

pol yether diols, particularly polyoxypropylene diols. Cenerally, these

pol yet her di ghsoaoeMyr apalpe AycooREEEST njE 00QNE dabcjas:s Mfcoam-alslml ene
oxi de, such yi@n de Jo) g wel |
known in the‘it§ 6o kﬁ 81835 Agé?pﬁ :Pé’i Q/éejxda&?e atirve &\% am)untB%of
unsaeur at et ﬁﬂﬁ@@@ﬁpﬁﬂn§§°1@he reactlon i s conducted in the presence of

doubl e netal Cyananle gelal waié. prépapes cad m&)mvﬂ ola,ndswiraamhhe.

al kyl ene glLy el hyl e o} Vi an et her

such as dlé ﬁg ﬂg‘i ﬁ?aSI wi gﬁr 0%51-'@2@)&? ﬂ%%f "Lge’ tvﬁé"yrfné't‘rﬁr ggé
Anong t he thlckenThg ageqdéthteﬁtawqcLemndncteﬂtﬁn;|&ﬂés@npatn¢énn|on are
col | oi dal paghihbeasilp! hei §8bcStbs Cehe polyols of Example 4. Results

were as follows:

BOLYOL, QIL SEPARMIION AT 80°C(%)
10 2,000 MW 27.4
4,000 MW 15.4
6,000 MW 9.2
8,000 MW 5.2
12,000 MW 3.5
15 15,000 MW ' 0.7

The 2000 MW polyol, which was included as a comparative
formulation, provided the worst performance regarding oil
separation and was unsuitable. Generally, values below about
16.6% are acceptable, although the lowest values would be

20 preferred. Since the viscosity of the gel increases as the
molecular weight of the polyel is increased, the highast
molecular weight polyols are not preferred for that reason.
The polyols which provide the best combination of non-
syneresis and viscosity are those having a molecular weight

- 2% of between about 6,000 and 12,000. These polyols also
provide very good compatibility with the optical fiber ink
coatings.
BE Although the preferred embodiments of the present
invention are well suited for the purposes disclosed, it is

30 recognized that one skilled in the art can make various
modifications without departing from the inventive aspects
disclosed herein. For example, other colloidal particles,
antioxidants or thermoplastic elastomers can be selected
after conducting routine tests for optimum specific

38 components and amounts. It is thus intended that the
appended claims cover all such modifications which fall
within the true spirit and scope of the invention.
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elther hydrophilic or hydrophoblc preferably a hydrdﬂﬁoblc fumed silica
having a BET surface area between about 50 and about 40 nierr]/gm- is

preeferred. An exanple of a hydrophobic fuaeggse!lica use tice
of the invention is a polydinethylsil oxanecoated funed m’mg’ ﬂ\mﬂ@% ET
surface area of about 80-120 nierr]/gm3ERCEAINSg about *5%

avail abl e fromthe Cabot Corporation of Tuscola, Ill., under the trade

desi gnation Cab-O Si | TS 72Q. ,An exenpl ary hydrophilic colloidal material
is funmed S|I|&9‘ﬁitﬁ glpgped iBice area of about 175-225 nierr]/gm nonina
particle size of 01Q12 pm;haﬁtarftubgrgultyoﬁsiatﬁmgjésiﬂmtlemytdnadﬁﬂuﬁ

Corpor at o0 e BB B AelataheoBe ChoRnb Mhtnd! iR tlag hose
of the invent iwsigite ofr a&i gieasted 080 #BﬁsﬂathBGQQSC%W%s°ﬂJé¥RWQX@§Bd
with or wt hO%WU&@%&mt Epeut o har unp&gaalsyc@éiwda&f RARIH ek Y
al so be used, If eSIr%Fa %hgugo Ehe Es ﬁ?swnight of an antioxidant so
that the composition can withstand at least about 10 minutes

10 at 150°C in a pure oxygen environment.

2. The gel of claim I wherein the thickening agent
comprises colloidal particles.

3. The gel of claim 2 wherein the colloidal particles
are silica, clay or a mixture thereof.

s 4. The gel of claim 2 wherein the colloldal particles
comprise hydrophobic fumed silica, precipitated silica, clay
or a mixture thereof.

5. The gel of claim 2 wherein the colloidal particles
are present in an amount of about 4 to 12 parts by weight.

20 6. The gel of claim 1 wherein the polyol is present
in an amount of between about 80 and 95 parts by weight and
has a molecular weight of between 4,000 and zs,doo.

7. The gel of claim 1 wherein the polyol has a
molecular weight of between about 6,000 and 15,000 and a

25 content of mono unsaturated compounds of no greater than
0.05 meg/g.

8. The gel of claim 1 wherein the polyol has a
melecular weight of between about 8,000 and 12,000 and a
content of mono unsaturated compounds of no greater than

30 0.03 meqg/y.

9. The gel of claim 1 further consisting essentially
of up to about 15 parts by weight of an elastomer to act as a
bleed inhibitor.
' 10. The gel of claim 9 wherein the elastomer is a
35 polyurethane slastomer.

T —
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are preferred. Anmong the(ﬁ!ernnplastlc el astoners t nay optlona
enpl oyed in the conpositions according to the i nvent i“on L \ “‘

pol yur et hane el astoners whi ch are based- of pol yet her er*
pol yuret hanes. In particular, the polyol used to forn1the pofyurethane
shoul d be one of 1the pmh;o@aldeﬁcclbﬂd hbowhefminomnarpnﬁynhqhnadnI ity.

fna "3 v e nalileBOL HIGRKE RpIhAGRE BESGRLPRLYSAOE SRAHHAIANE 02 De
yes | as

used. Polyes er po yuret fanes, omers or acrylic e ast oner s
can al so beunsatiurihedt praupbc elastoners are non reactive, heat
processable material s d el ast oner %xéfE 34 a Ilnear
t her nopl ait i ¢ ni FRabl eTgﬁl g aé’f‘a@t‘ﬁ%? WI Ekhe QA Foh e %

t hat cont sseadcannvhhﬂndgrndnphenolic compound.

13. The gel of claim 1 wherein the antioxidant
ingludes bis hindered phenol rings aonnected by a polyether
linkage.

i4. The gel of claim 1 wherein the antioxidant is

10 triethylene glycél bis [3-(3'-~tert-butyl-4'-hydroxy~5'-methyl
phenyl) propionate}.

15. An article of manufacture comprising a buffer tube
having a sheath, the buffer tube gel of claim 1 located
within the sheath and plurality of optical fibers located

15 4ithin the cable sheath in contact with the gel.

20
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L
benzenoid [err] noiety. erpl es of these type therr’l astic elastoners are

found in U S Patent 3,043,807. This conponent, which is not crosslinked,
can be used to i mpart tack to the conposition, which property enhances t he

ability of material to resi sbﬂmpmmggf bgnpahg-pmnnmn t he cable. O her
suitabl e el astoners include t o\ Lvest.€ ester copol yner

el astoners made by General El S0t me/ - ¥@ ARME t erepht hal ate

made by General Electric, the PEL LATHANE ther m)pl astic pol yuret hanes made

by Dow Chem cal and the ESTANE ther rmplmﬂmﬁpl yur et hanes nade by B. F.
use

Goodri ch. These elas rrers are ral I n an f, abou 15
parts by I ght. hy PFS ﬁﬁp?%ggg%ﬁb*#ﬁ%% Ko il &[h]g 3? 9
above, the gwbdch obntadngrabeut 7HVedt9BHrPANtE ey aight, of @ basieng
non-dri ppi ngcwbbnahqhoaeaeueﬁmnoansieﬁiimyd PAVEY Bevink@ h.'othular

penetration capa ar ealows ter fluidty.
| ower vi scos™ PF@E‘%& g gg‘éﬁ ‘Z‘)gg Feducad ‘anount of mono—

unsaturated compounds, about 1 to 15 parts by weight of a

10 thickening agent such as colloidal particles of silica, and
between 1 and 5 parts by weight of an antioxidant.
Optionally, a thermoplastic elastomer can be added to improve
bleed resistance.
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bl e Way:be*ﬁaﬁe—easLLg filled wwth the grease. LTQ? Jror e, t he
pventj_i ﬁr%vrde% diﬁtmﬂct advant ages over prior ar or'mul ati ons:

£ /procegsi ng hrbper0|es ag$ nat egl above are exceptional in that the
can thin out™ nuchﬂmg

that the
present

£ possi bl e under heat and shear for easy
Ly T I aﬂ fibusthéhQrGﬁpa&entstliﬁgl ro\te][stfulmtla‘l Iale.:Aﬁhm:\eh abl e nore |
<4 roben i ffjicuylties which can cause
%fruahYGﬁ°¥ a?fb%iaﬁhgk §5§ 3 %f;% %ﬂﬁﬂ fFIANLR i ons at | ow
Josi tympewmd ; eor ném'uGSStth&orfontlsntadtd@dada avehthetmopidegree of .
e t he gel becones
Jenf?‘o""at‘ﬁé £1 14 $ng el bbﬁfkfa i s%“ ﬁﬁ%wéﬁ SRR

?:“ ¥%and separates 1nfo an ol Thi s
eparnlaRﬂFQ%&E%§GHYf590§PtF@?“Fn9ﬁhbercent by welght o

,w
polypropylene glycol and between approximately 50 to about 1
percent by weight of the second compound. Finely distributed
fumed silica that acts as a thixotropic agent is used as the
second'compound, and the polypropylene glycol has an average
10 molecular weight of between approximately 2000 to About 3500.
In a further embodiment, the filling compound includes an
antioxidant which is present in an amount of approximately
0.1 to about 1 weight percent of the filling compound.
While the greases of that patent can be used to seal
1S optical cable they are incapable of meeting current industry
specifications which require improved performance with _
respect to bleed resistance and oxygen inhibition resistance.
Accordingly, a need exists for novel polyol containing
grease compositions which are capable of providing an optimum
20 balance of viscosity and shearing characteristics such that
" the compositions are suitable for use with fiber optic cables
even at lower temperatures. 1In addition, these formulations
must provide properties which are capable of passing the
appropriate drip tests, paper bleeding tests, and syneresis
25 requirements for such cable filling greases.

Summary of the Invention
' The present invention relates to a gel for use in an
optical fiber buffer tube, which gel contains between about
30 75 and 95 parts by weight of a base component of a polyol
having a molecular weight of at least 4,000, and between
about 2 and 15 parts by weight of a thickening agent, such as
colloidal particles.
Preferahly, the polyol is a polyether polyol having a
35 molecular weight of at least 4,000 up to as high as about
25,000. Preferably, the molecular weight is between 6,000
and 15,000 and more preferably between 8,000 and 12,000. To

§ T T T T i This Sheet Has Been Re; ﬁ
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static properties of the fiber optic cable. The formul ations ofq?ﬁgﬂhwgsent
Jdnvention_have not.exhibited syneresis in any tests conducted so far. Wien.
|ntrodu01ngbrﬂes@rease it o tpe fiber optic cable, it is ipertar Q
afhi.eve;asn t owed i scpsiciyisas; possi ble so that the fibers ar 8Efdt
‘T sii s achreved hy:oi pdgzadwici ng the grease yhder high shear} iffit ¢
Thi s, .can. he- acconplds q@qbyluxjnnﬂdnlxﬂr qouaeazemoxoxxblu i N
‘sych,as .a drunlqunm M&H,g_dx: bunR ) MRe i S| a tached
punp causes lom1shear and NDVEHeAEES R A e RSN "’ he d et
icapdui t. o, 3

-Lhe gtease:‘ie-r: wi=vpast about 80[err]C The grease t
t hrough a gé€ar ponp WIrcrH-Ts operated under high shear conditions of about
5,000 to as hi gh'nt@ mwt dinventbons pelates. to pi gresset cogpblsdtjear

pump direct £xafe HAARFed " &t b fadl Ghrt ScPOSEL1288] REGH! mbAGLARY
weight polyol base component with low levels of unsaturated
mono-compounds, and to articles such as sheathed
communication cables, especially those containing optical
fiber bundles, which include grease compositions such as
those disclosed herein.

(] the ve -

A grease typically is a solid or semi-liquid substance
which includes a thickening or gelling agent in a liquiad
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
glycols, 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 agents frequently used in greases
inciude 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 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 of the stress.

A desirable property of the grease is the absence of
syneresis, i.e., its ability to maintain uniform consistency.
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optic cable in a manner such that the grease is exirpded into thejcgble

around the fibers. The grease is extruded into the;c

ab fperiatiur es of
about 500 to 600[err]F, preferably at about 550[err]F.bS%ﬁ?EL priar lart
ey

gr eases,

the formul ati ons of the invention are relately—stabte—at it hat

tenperature. As noted above, an anti oxi dant2 may bejused to inpart enhanced
stability to the %éﬁ?se at such el evated extrudi ng tremnperatures. Ihe nost

preferred anc¢or

¢ | SYRRPERSES| 47 CPHEFSLled by, agsuring |ispevsion of

phenol i ¢ conpeuadedquatécatoufitobrathel elllivy aAddnte tivslafhdiayi figet e

enpi ri cal

for rJH err]Jerr]. This conpound is al so known as
triethyl ene fé%%ﬁhfﬁfén

[3-(31-tert-butyl-4"'-hydroxy-5"'-nethyl phenyl)

propi onate] or etéméase OComposiyidhsl bask been Jiset tasudabdle filling
hydr oxy- - MaidWdr W1l fn CoEPABbAYentiBRA1L!SINAIYRN PRl dfions as

connected by a polyet

I nkage s r
well as for optical fiber cables. U.S. Patent 4,701,016

discloses grease compositions comprising an o0il, a gelling
agent such as colloidal particles of silica or clay, and
optionally a bleed inhibitor. The oils which are discloseq

. as being useful in the compositions of that patent include

certain naphthenic or paraffinic oils having certain specific
gravities and properties, polybﬁtenq oils of similar specific
properties, triglyceride based vegetable oils, polypropylene
oil, chlorinated paraffin oils, and polymerized esters. The
colloidal particle filler material preferably coﬁbrises
silica particles such as fumed silica or precipitated silica.
Preferred bleed inhibitors include styrene-rubber, styrené
rubberstyrene, or other block polymers, and/or semi-liquid
rubbers such as high viscosity polyisobutylene. Other
ingredients such as thermal oxidative stabilizers optionally
may 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.

U.S. Patent 4,839,970 to Goetze et al. discloses a
£illing compound that can be utilized to fill light waveguide
leads or light waveguide cable cores. The £illing compound
comprises polypropyiene glycol to which a second compound



- 10 - conparable results, but the Irganox 24 ] teltey tO I tS
r.eady commer ci al avallablllty To determ ne W ' ay ticul ar
antioxidant is suitable for use in the presen di fied

Bel core oxygen inhibition test nay be conductj tHe grease is
put in a calorinmeter in a boat under nltroge‘ gondi ti oned
at 190[err]C. Thereafter, pure oxygen s punged |nto ,rlneter and

changes||1tiyaqyne&gémaNQQHsﬁﬂHRﬂFOHQi%ﬁ¥R9 5. S :
the mater| a' Hrdkibe, 2R amiitn disiaEd @quémt@éﬂt&%m“ﬁsﬁ

[0)

245 i1 the @ogaé’»ﬁm‘é@"%g%&a&% o b an i adha v d ﬁs&ggsﬁéxéi SZQZX

to W t hst anggaprn ox rtvet €il 1dny mempound tdunsistd i efl Between test.

| ncreasing tharox?.\lﬁgltetﬂr Y, AR SR ek ddie 59 GEEYEE SF
polypropylene glycol and between approximately 50 to about 1
percent by weight of the second compound. Finely distributed
fumed silica that acts as a thixotropic agent is used as the
secondlcompound, and the polypropylene glycol has an average
molecular weight of between approximately 2000 to about 3500.
In a further embodiment, the filling compound includes an
antioxidant which is present in an amount of approximately
0.1 to about 1 weight percent of the filling compound.

While the greases of that patent can be used to seal
optical cable they are incapable of meeting current industry
specifications which require improved performance with
respect to bleed resistance and oxygen inhibition resistance.

Accordingly, a need exists for novel polyol containing
grease compositions which are capable of providing an optimum
balance of viscosity and shearing characteristics such that
the compositions are suitable for use with fiber optic cables
even at lower temperatures. In addition, these formulations
must provide properties which are capable 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 gel for use in an

optical fiber buffer tube, which gel contains between about

- 75 and 95 parts by weight of a base component of a polyol
having a molecular weight of at least 4,000, and between
about 2 and 15 parts by weight of a thickening agent, such as
colloidal particles. '

Preferablf, the polyol is a polyether polyol having a
molecular weight of at least 4,000 up to as high as about
25,000. Preferably, the molecular weight is between 6,000
and 15,000 and more preterpbly between 8,000 and 12,000. To
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t he greage t%%ﬁ\%w nvi ronment to about 12 mnutes. Finally, an
additionjo ut o lrganpx 245 allows the greases of the present

i nventio i nute or higher rating in the previously
described test: this is anjoptimum conditign_which is quite unexpected for
these ty als. Thus, the conpositions of the present invention

are capabl e of ,passi D | : S LRkN ' e.grease
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splicing Orc%%%%%itions ranges between 80 and 95 parts by weight.
Polyoxypropylene glycols are the most preferred polyols. The
colloidal particles, which preferably include silica, clay or
mixtures thereof, may be present in an amount of between
about 4 to 12 parts by weight and preferably between about 6
and 11 parts by weight.

The composition also includes between about 1 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, so that the composition can
withstand at least about 10 minutes at 190°C in a pure'oxyéen
environment. .

The composition may optionally include a thermoplastic

. elastomer in the amount effective to act as a bleed inhibitor
but in an amount less than 15 parts by weight. Many
different thermoplastics elastomers such as polyurethane
elastomers, preferably those which include a pendeht or

extra-linear -G=¢- group, polyester elastomers, and
polyterephthalates can be used.

Detailed Description of the Invention

The polyol containing gels of the present invention are
ideally suited for use in connection with the filling of o
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 gel comprises at least two major components,
namely, (1) a polyol having a molecular weight of at least
4,000, and (2) an agent which imparts thickening to the
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fornulatlonsnmﬁnthenbnstbdged inhibitor of a thermoplastic elastomer can _
be added to the previously described components.

The preferred polyols of the invention include polyether
polyols including polyoxypropylene glycol or
polytetramethylene glycol, diol, triol, tetrol, etc., as well
as hydfoxyl terminated polyethers having a molecular weight
of at least about 4,000. The upper limit for molecular
weight is not critical, provided that the polyol is a liquid
or at least is a semi-solid at room temperature. Solid
polyols are more difficult to formulate and are not preferred
for that reason. An upper limit for molecular weight can be
as high as about 20-25,000. Those polyols havinq'a molecular
weight of about 6,000 to 15,000, and more particularly about
8,000 to 12,000, are preferred. ]

It is advantageous to use polyols having low levels of
unsaturated mono-compounds. Polyalkylene oxides or polyether
polyols for making polyurethanes are typically prepared from
the polymerization of epokides {most commonly propylene oxide
or ethylehe oxide) with an alkaline base catalyst such as
potassium hydroxide. Polyhydric initiators of varying
functionality are oxyalkylated to prepare polyether polyols
with varying functionality. For example, difunctional
alcohols such as propylene glycol, dipropylene glycol, or
tripropylene glycol are commonly used as starters to prepare
difunctional polyether polyols (triols). Trifunctional
alcohols like glycerol and trimethylol propane are commonly
used to prepare trifunctional polyether polyols (triols).

The base catalyzed polymerization of propylene oxide
results in a competitive reaction between the desired attack
at the oxirane ring, to form polyols by ring-opening
polymerization, and a side reaction in which the base attacks
at the methyl groﬁp, to form allyl alcohocl. The allyl
alcohol then acts as a monofunctional initiator, which
propoxylates to form monol.
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i gh a cleah, enpty alum nu I sh in grans X
' molecular weight of the tricl, a small amount of terminal

unsaturation translates into high mole percentages of monol.
For example, a 6200 molecular weight poly(propylene oxide)
triol capped with 5% ethylene oxide having an unsaturation
value 62 0.095 meq/g means the polyol contains 42.5 mole $
monol or 20 weight % monol.

The monol species with unsaturated end groups act as
chain terminators in elastomer formation. This limits the
molecular weight of the elastomer and lowers the physical
properties of the polyurethane. The formation of terminally
unsaturated .end groups results in a substantial loss in
hydroxyl functionality. For example, a 6200 molecular weight
triol with 0.095 meq/g of unsaturation has a calculated
functionality of only 2.14. .

In polyols prepared with base catalysts, the amount of
unsaturation formed increases as a direct function of .
‘equivalent weight and eventually conditions are established
in which the amount of unsaturation being formed balances the
additional molecular weight of the growing chain. The rate
of unsaturation. formation with KOH catalysis can be lowered
by using lower temperature and longer reaction times, but
this makes the process prohibitively expensive. In actual
practice, 2200 is about the highest egquivalent weight
obtained with KOH catalysis (4400 MW diol, 6600 MW triol),
and these polyols typically contain more than 0.09 meg/g of
unsaturation. _ . ~.

In contrast, with double metal cyanide (DMC) cafa;ists,
the amount of unsaturation formed increases very slogly with
increasing polyol equivalent weight, which allows the
synthesis of ultra high molecular weight polyols containing
low levels of monol, i.e., less than about 0.05 meq/g of
unsaturation, and typically about 0.015 to 0.03 meq/g. Arco
Chemicals as their R-18XX series, as well as from Polyols of
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very useful in the present cable grease compositions.

The preferred polyether polyols are polyether diols,
particularly 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. As noted above,
to achieve a relatively low amount of unsaturated .
monocompounds, the reaction is conducted in the presence of
double metal cyanide catalysts. The glycol can be a diol,
such as the alkylene glycols, e.g., ethylene or propylene
glycol, or an ether glycol, such as diethylene glycol. The
Arco R-18XX series are the most preferred. -

Among the thickening agents which art useful in the
present invention are colloidal particles. Colloidal silica,
either hydrophilic or hydrophobic, preferably a hydrophobic .
fumed silica having a BET surface area between about 50 and
about 40 m?’/gm, is preferred. An example of a hydrophobic
fumed silica useful in the practice of the- invention is a
polydimethylsiloxanecoated fumed silica having a BET surface
area of about 80~120 m?/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
hydrophilic colloidal material is fumed silica with a BET
surface area of about 175-225 m?’/gm, nominal particle size of
0.012 pm, specific gravity 2.2, available from the Cabot
Corporation under the trade designation Cab-o-Sil M-5.
Mixtures of these materials also may be used. Other

- colloidal fillers useful in the practice of the invention are

precipitated silicas and clays such as bentonites, with or
without surface treatment. Other inorganic colloidal
particles may also be used, if desired, although the silicas
are preferred.

Among the thermoplastic elastomers that may optionally
be employed in the compositions according to the invention
are the polyurethane elastomers which are based on polyether



) | REPLACCMENT SHEET |
5. Lab spatul a 6. Anal yti cal bal ance 7. Tweey : sgrs 9

Forced draft oven set to 80[err] C PROCEDURE 1. onpound
into the syringe with a spatula. Slowy press t I nate air
bubbl es. 2. Cut alin. by 1in. filter paper 1) and

record (to 0.0001 grans). 3. Slowy apply 1 m} of the conpound fromthe
syringe onto the filter paper square in a |rculﬁ?“ﬂab”‘fteave sene room

and record ebior,podveBYar poliusldiers )1 bereidutart el pR iR,
circle (Wr afedahe SpPxme the meMu;amnangnsnnnlanetnee"ganphe pquoék on -
the center ghstPepbll AbovieARYr PYimMY ConPpdtiBifPyM Alternatively,
any polypropylene glycol based polyether polyurethane can be
used. Polyester polyurethanes, polyester elastomers or
acrylic elastomers can also be used.
The thermoplastic elastomers are non-reactive, heat
processable materials. One preferred elastomer is MILLATHANE
E-34, a linear thermoplastic millable polyurethane elastomer
which has a pendent group that contains an aliphatic, non-

benzenoid -(=b- moiety. Examples of these type thermoplastic

elastomers are found in U.S. Patent 5,043,807. This
component, which is not crosslinked, can be used to impart
tack to the composition, which property enhances the ability
of material to resist dripping after placement in the cable.

Other suitable elastomers include the LOMOD polyester
and polyester copolymer elastomers made by General Electric,.
VALOX, a polybutylene terephthalate made by General Electric,
the PELLATHANE thermoplastic polyurethanes made by Dow
Chemical and the ESTANE thermoplastic polyurethanes made by
B.F. Goodrich. These elastomers are generally used in an
amount of about 1 to 15 parts by weight.

By following the combination of ingredients disclosed
above, the grease of the present invention is 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 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 easily and
faster, avoiding microbending difficulties which can cause
attenuation in fiber optic cable.
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Take care nol sture an gn artlc es away e sanpl e-
square. v15¢osity. However, this reductlon causes syneresxs, 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 have not exhibited syneresis in any
tests conducted so far.

When introducing the grease into the fiber optic cabie,
it is important to achieve as low a viscosity as possible so
that the fibers are not moved. This is achieved by
introducing the grease under high shear into the cable. This
can be accomplished by retaining the grease composition in a
reservoir such as a 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 to at least about 80°C. The grease then is
directed through a gear pump which is operated under high

. shear conditions of about 5,000 to as high as 20,000
revolutions per sec. A 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 formulations of
the invention are relatively stable at that temperature.

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
formula C,H,O;. This compound is also known as triethylene
glycol bis (3~-(31-tert-~butyl-4'-hydroxy~-5'-methylphenyl)

" propionate] or ethylene bis (oxyethylene) bis (3-tert-butyl-
hydroxy-S-methyl hydro cinnamate). Other bis hindered phenol
rings connected by a polyether linkage should provide
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its ready commerc1a1 availability.

To determine whether or not a particular antioxidant is

suitable for use in the present invention, a 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 190°C. Thereafter, pure
oxygen is pumped into the calorimeter and changes in the
grease are measured. In order to provide a suitable grease,
the material must be able to withstand approximately 10
minutes at 190°C in a pure oxygen environment. 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 modified Belcore test.
Increasing that level to about 2% increases the resistance of
the grease to the test environment to about 12 minutes.
Finally, an addition of about 3% Irganox 245 allows the
greases of the present invention to achieve a 30 minute or
higher 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
capable of passing the appropriate tests for obtaining
suitable grease compositions for f£filling fiber optic cable.
These tests include a syneresis observation, an 80°C drip
test, and a bleeding test utilizing a 0.1 millimeter
penetrant at 25°C.

A conventional optical fiber buffer tube or cable
includes a plurality of glass fiber cores, each of which
typically has a polymerized coating thereon for moisture
protection. These fiber cores are color coded so that
operators can select the proper ones for splicing or other
connections. Thus, a pigmented material, usually of an
uncrosslinked PVC material, is applied to the exterior of
each fiber core to impart a desired color thereto. The fiber
cores are collected and placed into a cable. Thus, the cable
grease must be one which is compatible with the ink. For
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and which aof imk.to be construed as liniting the scope of the invention in
any A syneresis observation at ambient temperature 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 formulations of the instant
- invention exhibit no syneresis over a period of at least six
months; it is unlikely that any syneresis will be encountered
for longer times of use of the grease.
The 80° drip test is described as follows:

1. Use a 12 inch long buffer tube; .
2. Insert three 12 inch long optical fibers into the
tube.

3. Fill the tube with the grease to be tested by _
injecting the sample of the composition with a 5 cc
syringe. No air should be trapped in the tube;

4. Place the tube in a horizontal position for 2 hours
at room temperature;

5. Place the tube in a horizontal position for 2 hours
at 80°C (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 (Wi);

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 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 - WI) is the dripping
reading in grams. '

The paper bleeding test is described as follows:
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speci fi ed. -14- Exanples 1-3 The foll ow ng sanpl es pr
testing according to the nodified Bel core test. EXAMPL er
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G ycol 4000 nol. w. 89 87 8&-Silica nartl

Irganox 1076

Cab-O-Si| TS-[7 10 10 10 Ant OX|dant
1 ﬂ&m ) —— ot

1. S ml syringe

2. 11 cm diameter, type 1 filter paper
3. Pyrex watchglass (12 cm diameter)
4. ~ 600 ml Pyrex beaker

5. Lab spatula

6. Analytical balance

7. Tweezers

8. Scissors

9. Forced draft oven set to 80°C

EROCEDURE ,
1. Load the grease compound into the syringe with a

spatula. Slowly press the plunger to eliminate air bubbles.

2. Cut a 1 in. by 1 in. filter paper square; weight
(WT 1) and record (to 0.0001 grams). -

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 square” and record this 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. '

5. Let the sample lie undisturbed at room temperature

for 16 hdurs.

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

7. Replace the sample square under the beaker, and

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

hours.
8. Remove from the oven and allow to cool for S

minutes on a marble surface. Weigh the sample square (WT 2B)
and the filter paper circle (WT 3B). Note any color changes.

9. Discard sample square and filter paper.
N 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 the sample square.
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4. Filter Paper Weight Gain =
(WT 3A or WT 3B) - (WT 3)
5. Volatile Weight
' a. (Weight Loss)~-(Filter Paper Weight Gain)

if > 0 or
b. 0, if (Weiqht Loss)-(Filter Paper Weight
Gain) <

6. % Volatile Weight = Volatile Weight x
100/Initial Weight
7. $ Nonvolatile Separation Weight Loss %
Volatile Weiqht
"A" values are used 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.

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 various preferread
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.



2.5 9 (1% of the antioxidant (Irganox 245) is dissol{€e
of. polyol on a hot plate. The mx is cooled to roo
with 25 g (10% silica (Cabot 720) until honpgeneoys.

out of the blender and mlled twice on a three rol al
tested in each grease as descri bed above. =Alado =per
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conducted for oil separation EXAMPLE (in parts per weight)
COMPONENT 1 2
Polypropylene Glycol
4000 mol. wt. 89 87 87
Silica particles
Cab-0-Sil TS-720 10 10 10
. Antioxidant
Irganox 1076 1 3 -
Irganox 245 - - 3
Belcore Test Results
(minutes) 1.6 7.9 - 36

These tests show the unexpected performance achievable
with the Irganox 245 antioxidant, whereby the use of three
parts of this component enables the grease to withstand 36
minutes in the test. In general, however, the present
invention discloses that greater amounts of antioxidant are
needed compared to those taught by the prior art (e.g., by
U.S. Patent 4,839,970) in order to achieve the desired level
of performance in the Belcore test. However, one skilled in
the art can select the optimum amount of any particular
antioxidant by routine testing.

Example 4

The following examples were prepared using higher
molecular weight polyols that have a reduced level of mono
unsaturated compounds. The specific procedure is as follows:
2.5 g (1%) of the antioxidant (Irganox 245) is dissolved in
222.5 g (89%) of polyol on a hot plate. The mix is cooled to
room temperature and blended with 25 g (10%) silica (Cabot
720) until homogeneous. The mix is then taken out of the
blender and milled twice on a three roll mill. Three fibers
were tested in each grease as described above. Also
performed was a paper oil bleeding test with the same
greases. POLYOLS: Arco R-1857 (2,000 MW diol); Arqo R-1885



foll ows: POLYOL O L SEPARATI ON AT 80[err] C(% 2,00
27.4 4,000 Mwv ' 15.4 6,000 MW | K
MV 5.2 12,000 MWV 3.{5 15, 000 MV
0.7 The 2000 MW pol yol , which was inclutted8as a conparatfi ve formulati on,

provi ded the worst perfornmance reggrding'oil separation ~was unsuitabl e.

General l'y, (ht@8Q M€ dirdbiudres. By88d {SolR0alt digkho Afrce R-1kest
val ues woul gg peoormieaied) ;Shﬂee RBQ 81ias QAP id00 M RELA) ; INkESREPe 7§ L he

mol ecul ar | & f_the, yol is increased, the highest nolecul ar wer ght
pol yol s argf%g?6%$e¥ér$égg

or that reason. The polyols which provide the
best conbi nati onAbl gebs were prepared as noted above, and were clear.

The gel made with the 15,000 MW polyol was very, very thick.

The bleeding test was conducted for oil separation
(syneresis) at 80°C for the polyols of Example 4. Results
were as follows:

POLYOL OIL SEPARATION AT 80°C(%$)
2,000 MW 27.4
4,000 MW 15.4
6,000 MW 9.2
8,000 MW 5.2
12,000 MW 3.5
15,000 MW 0.7 )

The 2000 MW polyol, which was included as a comparative
formulation, provided the worst performance regarding oil
separagion and was unsuitable. Generally, values below about
16.6% are acceptable, although the lowest values would be

. preferred. Since the viscosity of the gel increases as the
molecular weight of the polyol is increased, the highest
molecular-weight polyols are not preferred for that reason.
The polyols which provide the best combination of non-
syneresis and viscosity are those having a molecular weight
of between about 6,000 and 12,000. These polyols also
provide very good compatibility with the optical fiber ink
coatings.

Although the preferred embodiments of the present
invention are well suited for the purposes disclosed, it is

- recognized that one skilled in the art can make various
modifications without departing from the inventive aspects
disclosed herein. For example, other colloidal particies,
antioxidants or thermoplastic elastomers can be selected
after conducting routine tests for optimum specific
components and amounts. It is thus intended that the
appended claims cover all such modifications which fall
within the true spirit and scope of the invention.



syneresis and viscosity are those having a nol ecul ar wei ght of between
about 6,000 and 12,000. These polyols also provide very good conpatibility
W th the_QpLisaL—%+ber—fnk coatings. Although the preferred enbodi nents of

the present | wel | suited for the purposes disetlesed, it s
recogni z Iﬁ‘“ﬁgﬁ ed in the art "c&® Make various npdiibi Eié!deOHso BEEN
em ¥

W t hout e inventive asEects di scl osed herein. HEp[a @xanple
ot her coIIO|daI particles, antioxida nopl astic € —cah—ae-l

sel ected after conducting routine tests for optinmum specific conponents and
anounts. Em%husllnte ded that the appended claims cover all such .
nDdlflcatlgﬂg BcH ?QPP Hin the true spirit and scope of the invention.

1. A buffer tube gel consisting essentially of about

. 75 to 95 parts by weight of a polyol having a molecular
weight of at least 4000 and a reduced content of unsaturated
mono compounds; about 2 to 15 parts by weight of a thickening
agent; and about 1 to 5 parts by weight of an antioxidant so
that the composition can withstand at least about 10 minutes
at 190°C in a pure oxygen environment.

2. The gel of claim I wherein the thickening agent
comprises colloidal particles.

3. The gel of claim 2 wherein the colloidal particles
are silica, clay or a mixture thereof. N

4. The gel of claim 2 wherein the colloidal particles
comprise hyd:ophobic fumed silica, precipitated silica, clay
or a mixture thereof. -

5. The gel of claim 2 wherein the colloidal particles
are present in an amount of about 4 to 12 parts by weight.

' 6. The gel of claim 1 wherein the polyol is present
in an amount of between about 80 and 95 parts by weight and
has a molecular weight of between 4,000 and 25,000.

7. The gel of claim 1 wherein the polyol has a
molecular weight of between about 6,000 and 15,000 and a
content of mono unsaturated compounds of no greater than
0.05 meq/g.

8. The gel of claim 1 wherein the polyol has a
molecular weight of between about 8,000 and 12,000 and a
content of mono unsaturated compounds of no greater than
0.03 meg/g.

9. The gel of claim 1 further consisting essentially
of up to about 15 parts by weight of an elastomer to act as a
bleed inhibitor.

10. The gel of claim 9 wherein the elastomer is a

' polyurethane elastomer.
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about 75 tqmﬂmﬁ“mmumpht of a pol yol having a nol '

| east 4000 0. 05 neqg/ g of unsaturated 5dﬁH%BEﬁb ut
2 to 15 part’s By vei §ht®of* a thickening ent; and abo

wei ght of an antioxidant so that the conﬁg

is claimed is: 1. A buffer tube gel consisting essentially of

S|tion has an oxi dative' T

tinme of at | east, abo 10 es, aj_190[ e a re ox
envi ronnent. 2.1 The:#ye(ﬁgiﬂ?é afiﬁ fg ﬁa?%QE%h#gﬁeﬁgxguggéﬁﬂneonpr|ses
col | oi dal glmmtionlexs irg=lutles gel peridenti or 2extiraclineae teridndaliyparticles

are silica, cla ture t hereof. 4. The gel of claim2 wherein the -
‘%‘3?%0‘%6‘ ‘rophobl c funmed silica, precipitated silica,

col | oi dal -

clay or a ”‘Xtﬁﬁﬁ theifPigel of claim 1 wherein the antioxidant is a

sterically hindered phenolic compound.

13. The gel of claim 1 wherein the antioxidant
includes bis hindered phenol rings connected by a polyether
linkage.

14. The gel of claim 1 wherein the antioxidant is
triethylene glycol bis [3-(3'-tert~butyl-4‘-hydroxy-5'-methyl
phenyl) propionate].

15. An article of manufacture comprising a buffer tube
having a sheath, the buffer tube gel of claim 1 located
within the sheath and plurality of optical fibers located

- within the cable sheath in contact with the gel.
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5 The gel of claim2 wherein the colloidal particles are present in an
amount of about 4 to 12 parts by weight. 6. -The gel of claim1 wherein the
‘polyol is present in an anount of between about 80 and 95 parts by weight
and has a nol ecul ar wei ght of between 4,000 and 25,000. 7. The gel of claim
1 wherein the polyol has a nol ec- ular weight of between about 6,000 and
15,000 and a content of nopno unsaturated‘égﬁpounds of no greater than 0.05
meq/ g. 8. The gel of c|a|ncasnaecnxas:hcoptppdmznusaannolec- ul ar wei ght of
bet ween about 8,000 and 12, §0Q-4 ¥ adusat urated conpounds

' KR
of no greater than 0.03 neg rther consisting

essentially of up to about 15 parts by wei ght of an el astoner to act as
ABSIRACT

. A grease composition for use as a cable filling material
which contains about 75 to 95 parts by weight of a base
component of a liquid or semi-solid polyol having a molecular
weight of at least 4000 and a reduced amount of mono-
unsaturated compounds, about.1 to 15 parts by weight of a

. thickening agent such as colloidal particles of silica, and
between 1 and 5 parts by weight of an antioxidant.
Optionally, a thermoplastic elastomer can be added to improve
bleed resistance.
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a bl eed inhibitor. *C L f -17 - 10. The gel of claim9 wherein the
el astonmer is a pol yurethane el astoner. 11. The gel of--cl.aim 10 wherein the

pol yur et hane el astoner includes a pendent or ext ra ear ter mnally.
unsaturated [err] group. 12. |he gel cI aim1l why dant is
a sterically hindered phenolic corrpod‘n T13. The ge rei n the
anti oxi dant has bis hindered phenol rings connected by a poWyet I|nk-

What is claimed is:

1. A buffer tube gel consisting essentially of about 75
to 95 parts by weight of a polyol having a molecular
weight of at least 4000 and no more than 0.05 meq/g of
unsatarated mono-compounds; about 2 to 15 parts by
weight of a thickening agent; and about 1 to 5 parts by
weight of an antioxidant so that the composition has an
oxidative induction time of at least about 10 minutes at
190° C. in a pure oxygen environment.

2. The gel of claim 1 wherein the thickening agent
comprises colloidal particies.

3. The gel of claim 2 wherein the colloidal particles
are silica, clay or a mixture thereof.

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

S. The gel of claim 2 wherein the colloidal particles
are present in an amount of about 4 to 12 parts by
weight.

6. The gel of claim 1 wherein the polyol is present in
an amount of between about 80 and 95 parts by weight
and has a molecular weight of between 4,000 and !

-25,000.

- 7. The gel of claim 1 wherein the polyol has a molec-
ular weight of between about 6,000 and 15,000 and 2
content of mono unsaturated compounds of no greater
than 0.05 meq/g.

8. The gel of claim 1 wherein the polyol has 2 molec-
ular weight of between about 8,000 and 12,000 and 2
content of mono unsaturated compounds of no greater
than 0.03 meg/g-

9. The gel of claim 1 further consisting essentially of
up to about 15 parts by weight of an elastomer to act as
a bleed inhibitor.
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age. 14. The gel of claim1 V\,herei n the antioxidant is triethylene glycol

bis[3-(3"-tert-butyl-4'-hydroxy-5"- methyl phenyl)propl Qnate] 15. An .
article of-manufacture conprising a buffer tu

fube b o et T Sealch P ot 'l ?iﬂlllliﬂ!&lllﬂ’ﬂ’llllfﬂll* :
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10. The gel of claim 9 wherein the elastomer is a
polyurethane elastomer. :

11. The gel of claim 10 wherein the polyurcthane
elastomer includes a pendent or extra-linear terminally
unsaturated

up.

12. The gel of claim 1 wherein the antioxidant is a
sterically hindered phenolic compound.

13. The gel of claim 1 wherein the antioxidant has bis
hindered phenol rings connected by a polyether link-
age.

14. The gel of claim 1 wherein the antioxidant is
triethylene glycol bis[3-(3'-tert-butyl-4-hydroxy-5'-
methyl phenyl)propionate].

15. An article of manufacture comprising a buffer
tube having a sheath, the buffer tube gel of claim 1
located within the sheath and plurality of optical fibers

- located within the cable sheath in contact with the gel.

* * & %® %
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