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5 The present invention relates to a grease composition 
that includes a colloidal particle filled, high molecular 
weiqht polyol base component with low levels of unsaturated 
mono-compounds, and to articles suoh as sheathed 
communication cables, eapecial1y those containin~ optical 

10 ~iber bundles, Whicb include grease compositions such as 
those disclosed. herein. 

Ba.akg;:qupd o; tbt lpveution 
A ;rease typically is a solid or semi-liquid substance 

15 which includes a thickeninq or qelling agent in a liC)Uid 
carrier. Almost any oil having lubricatin9 properties may be 
used with a suitable ge1ltng agent to make a c;rrease. 
Petroleum oils, fatty oils such as castor oil, polyalkylene 
glycols, synthetic diestera, silioones, fluorocarbons and· 

20 polypbenyl ethers are all found in commercial lubricatinq 
greases. (see, e.g., Braithwaite, "Lubrication and 
Lubricants,• Elsevier Publishing co., 1967, paqes 181-183 and 
223-228). The qellinq agents frequently used in greases 
include fatty acid soaps, clays, silica, organic dyes, 

21 amides, and urea aerivatives. The gellinq aqent forms a 
network structure in which the carrier is held by capillary 
f o.rces. 

When a,-!cw stress is applied through a sample o:t grease. 
the material aots substantially like a solid. If a stress 

30 above a critical value is supplied, the ~terial flows and 
viscosity decreases rapidly. ~his decrease in viscosity is 
largely reversible since it is typically caused by the 
rupture of network junctions between filler particles, and 
these junctions can re£orm follo~ing the re-moval of the 

35 source o:t 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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Generally, synaresis is controlled by a&suring dispersion of 
an adequate amount of the qe1ling agent throughout the 
composition. 

Grea$e compositions have been used as cable fillinq 
5 material in both conventional (electrical) communications as 

well as for optical fiber cables. u.s. Patent 4,701,016 
discloses grease compositions comprising an oil, a qellinq 
aqent such as colloidal particles of silica or c1ay, and 
optionally a ble.ed inhibitor. The oils which are disolosad 

10 as beinq useful in the compositions or that patent include 
certain napbthenio or paraftinic oils having .certain specific 

gravities and properties, polybutene oils of siailar specific 
properties, triglyceride based veqetable oils, polypropylene 
oil, chlorinated paraffin oils, and polymerized esters. The 

15 colloidal particle filler material praferaoly comprises 
silica particles such as fumed silica or precipitated silica. 
Preferred. bleed inhibitors include styrene-rubber, styrene 
rubberstyrene, or other bloclc polymers, ~nd/or semi-liquid 
rubbers such as high viscosity polyisobutylene. Other 

20 ingredients such ~· thermal oxidative stabilizers optionally 
may be present. 

One disadvanta9e O:f the compositions Of the above cited. 
. patent is that relatively larqe amounts at silica must be 

included to meet the appropriate service requirements for the 
25 grease. Tb.Us, relatively stiff greases are obtained which 

are not entirely suitable for such fiber optio cables. In 
particular, such stiff greases will affect attenuation 
(mierobending) of the.fiber optic cable at relatively low 
temperatures (i.e ... , belo~ about 50°1'). Furthenore, it the 

30 amount o~ silica is reduced to lower th~ viscosity of the 
qrease, t:b.e shear characteristics of the for111ulation 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 
35 tilling compound that can be utilized to fill light waveguide 

leads or light waveguide cable cores. The fillinq cmnpound 
comprises polypropylene glycol to which a second compound 
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While th• qreaaea of that patent can ))e used to aaal 
'• 

15 optical cable they are incapable of meetinq current industry 
specif ieationa which require i•proved performance with 
respect to bleed resistance and oxyqen inhibition resistance. 

Accordinqly, a need exists for novel polyol containing 
grease compoaition• which are capable ot providing an optimwa 

20 balance ot visco•ity and shearing characteriatic:s such that 
the compositions are suitable for use with tiber optic cables 
even at lower temperatiu:es. In addition, these formulations 
must provide properties which are capable of passin; the 
appropriate drip :tests, paper bleedin9 tests, and syneresis 

25 requirements far such cable filling greases. 

S!J!"•ry ol t;Jaa tp.yantiog 
Tb.a present invention relates to a qel for use in an 

optical fiber bU.ffer tube, which gel contains between about 
30 75 and 95 parts by weiqht of a base component of a polyol , 

havinq a molecular weight of at ~east 4,ooo, and between 
about 2 and 15 parts by weiqht of a thickeninq agent, such as 
colloidal particles. 

Preferably, the polyol is a polyathet- polyol having a 
35 molecular weight of at least 4,000 up to as high as about 

25,ooo. Preferably, the molecular weight is between 6,ooo 
and is,ooo and more preferably between a,ooo and 12,00o. To 
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achieve these molecular weights, the polyols generally have a 
radu~ed, relatively low content ot un•aturated mono 
compounds, such as leas than o.os meq/q and preferably lese 
than o. 03 meq/g. 

5 The preterred amount of polyol to be used in these 
compositions ranges between 80 and 95 parts by weight. 
Polyoxypropylene qlycols are the most preferred polyols. The 
colloidal particles, which preferably include silica, clay or 
mixtures thereof, may be pre$ent in an amount of between 

~o 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 hiqh 
teperature properties of the grease composition. A 

1s prefert"ed antioxidant, Irqanox 245, is used in an amount of 
about 1 to 3 parts by weiqht, so that the composition can 
withstand at least abou~ lO minutes at 1go•c in a pure oxyqen 
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 1!5 parts by weight. Many 
dif rerent thermoplastics elastomers such as polyurethane 
elastomers, preferably those which include a pendent or 
extra-linear -00- qroup, polyester elastomers, a.nd 

25 polyterephthalates can be used. 

PetAi1e4 P••CJ:iation gt th• invention 
the polyol containing gels of the present invention are 

ideally suited for use in conriection with the filling of 
SO optical ~iber 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 expre$sly incorporated herein by reference 

3.5 
thereto. 

The present gel comprises at least two major components, 
namely, (1} a polyol havinq a molecular weiqht of at least 
4,ooo, and (2) an agent which imparts thiokenin9 to the 
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polyol or ester, such as colloidal particles. An antioxidant 
is generally used to improve the hiqh tamperature properties 
of the composition. I~ desired, althouqh not critical to th• 
invention, a blead inhibitor of a thermoplastic elastom~r c~n 

s be added to the previously described components. 
The preferred polyols of the invention include polyether 

polyols including polyoxypropylene glycol or 
polytetramethylene qlycol, diol, triol, tetrol, etc., as well 
as hydroxyl terminated polyethers havinq a molecular weight 

10 of at lea.st about 4,000~ The upper limit for molecular 
weight ia 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 tbat reason. An upper limit for molecular weiqht can be 

15 as biqh as about 20-2s,ooo. Those polyols having a molecular 
weiqht of about 6,ooo to 1s,ooo, and more particularly about 
8,000 to 12,000, ara prafarred. 

It is advantagaous to use polyols havinq low levels of 
unsaturated 1a0no-compounds. Polyalkylene oxides or polyether 

20 polyols for makinq polyurethanes are typically prepared from 
the polymerization of epoxides (most conimonly propylene oxide 
or ethylene oxide) with an alkaline base catalyst such as 
potassium hydroxide. Po1yhydric initiators of varyinq 
functionality are oxyalkylated to prepare polyether poiyols 

25 with varying functionality. For exa1D.J;1le, difunctional 
alcohols such as propylene glycol, dipropylene qlycol, or 
tripropylene glycol are commonly used as starters to prepare 
ditunctional polyether polyols (triols). 'l'rifunctipual 
alcohols iike glycerol and trimethylal propane are cOJU1.only 

30 used to prepare t:rifunctio.nal polyether,polyola (triola). 
The base catalyzed polymerization ot propylene oxide 

results in a competitive reaction between the desired attack 
at the oxirane ring, to form polyols QY rinq-openinq 
polYJaerization, and a side reaction in which the base attacks 

35 at the ~ethyl c;roup, to form allyl alcohol. ~he allyl 
alcohol then acts as a monofunctional initiator, which 
propoxylates to form monol. 

1iiii1lliUr 
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The amount of monol in a polyol is measured by titration 

of the unsaturated end groups and reported as 

,. milliequivalents of unsaturatian par qram ot polyol. Since 

the molecular weight of the monol is less than one third the 

I molecular weight of the triol, a small amount of terminal 

unsaturation translates into high =ole percentages of monol. 

For example, a 6200 molecular weiqht poly(propylene oxide) 

triol capped with 5% ethylene oxide having an unsaturation 

value of 0.095 meq/9 means the polyol contains 42.5 mole ' 

10 monol or 20 wei9ht % monol. 
The manol 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 

15 unsaturated end groups results in a substantial loss in 

hydroxyl functionality. For example, a 6200 molecular weight 

triol with 0.095 meq/g or unsaturation has a calculated 

functionality of only 2.14. 
In polyols prepared with base catalysts, the mnount of 

20 unsaturation formed increases as a direct function of 

equivalent weight and eventually conditions are estab1ished 

in which the amount of unsaturation being formed balances tbe 

additional molecular weiqht of the growin<J chain.. Tbe rate 

of unsaturat~on formation with KOH catalysis can be lowered 
15 by usinq 1ower temperature and longer reaction times, but 

this makes the process prohibitively expensive. In actual 

practice, 2200 ia a.bout the highest equivalent weight 

obtained with KOH catalysis (4400 MW diol, 6600 MW triol), 

and these polyols typica1ly contain more than 0.09 meq/g of 

ao unsaturation. 
Xn contrast, with double metal cyanide (DMC) cata1ysts, 

the amount of unsaturation formed increases very slowly with 

increasin9 polyol equivalent weight, which allows the 

synthesis of ultra high molecular weiqbt polyols containinq 

35 low leveis of monol, i.e., less than about o.os •eq/q 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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this type are commercially available from Olin corporation, 
as their POLY-L111 polyola. such polyols have been found to b9 

.. vary usetul in the present ca~l• qreaae compositions • 
The preferred polyether polyols are polyether diols, 

S particularly polyoxypropylena diols. Generally, these 
polyether diols a~e prepared by condensing a large excess ot 

an alkylene oxide, suah as ethylene oxide or propylene oxide 
with a glycol, as is well known in the art. As noted above, 
to achieve a relatively low aJ11cunt of unsaturated 

io monocom.pounds, the reaction is conducted in tne presence or 
double metal cyanide catalysts. The q1ycol can be a diol, 
such as the alkylene glycols, e.q., ethylene or propylene 
qlycol, or an ether qlycol, such as diethylene qlycol. The 
Arco R-18XX series are the most preferred. 

15 Among the thickening agents which art useful in the 
present invention are colloidal particles. Colloidal silica, 
either hydrophilic or hydrophobic, preferably a hydrophobic 
fwned silica having a BE1' surface area between about 50 and 
about 40 m2/qm., is preferred. An example of a hydrophobic 

ao fumed silica useful in the practic~ of the invention is a 
polydimethylsiloxan.eacated fumed silica having a BET surface 
area of about so-120 .,;/gm, oontainin9 at>out 5% b.w. carbon, 
available from the cabot Corporation of 'l'U$Cola, Ill., under 
the trade designation Cab-O•Sil TS 720. An exemplary 

25 hydrophilic colloidal lllaterial is f\lllled silica with a BE'r 
surface area of about 175-225 m,/rpn, nominal particle size of 
0.012 pm, spe~ific qravity 2.2, available from the Ca.bot 
Corporation under·l:he trade designation Cab-o-Sil M-5. 
Mixtures of these materia1s also may be used. Other 

30 colloidal fillers useful in the practice of the invention are 
precipitated silicas and clay• such as bentonitea, with or 
without surface treatment. Other inor9anie colloidal 
particles may also be used, if desired, althouqh the silica$ 
are preferred.. 

35 Alllon9 the therm.opl•stic elastomer• that may optionally 
be employed in the compositions aecordinq to the invention 
are the polyurethane e1astomers which are based on polyether 
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and/or polyester polyurethanes. In particular, the polyol 
usea to form tha polyurethane should bet one of the polycls 

-~ described above for optimum co111pati.bility. Alternatively, 
any polypropylene 9lycol based polyether polyurethane can be 

5 used. Polyester polyurethanes, polyester elast011ers or 
acrylic elastomere can also be used. 

The thermoplastic elastomers are non-reactive, heat 
processable materials. one preferred elastomer is MILLATHANE 
E-34, a linear thermoplastic millable polyu~etbane elastomer 

10 which has a penclent group that contains an aliphatic, non­

benzenoid ~ moiety. Examples of these type thermoplastic 

elastomers are found in o.s. Patent 3,043,807. This 
component, which is not crosslinked, can be used to impart 
tack to the composition, wl'liOh property ~,mancas the ability 

15 of material to resist drippinq 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 PBLLATHANE thermoplastic polyurethanes made by Dow 

2° Che•ical and the ESTAHE thermoplastic polyurethanes made by 
B.F. Goodrich. These elastomers are generally used in an 
amo.unt at about l to 15 pat"ts by waiqht. 

By f ollowinq the combination of ingredients disclosed 
above, ~he ~ease of the present invention is characterized 

25 as be!ng ~on-dripping with high penetration and a low yield 
stress. The high penetration capabilities as a 9rease allows 
a better fluidity. '!'hat is, lower viscosities may be used so 
that the cable may be more easily ffl~ed with the grease. 
FurtheZ11ore, the present invention provides distinct 

30 advantages over prior art formulations: ~ 
1) the processin~ properties as noted above are 

exceptional in that the material can thin out as much as 
possible unaer heat and shear for easy cable tillinq. Thus, 
th• qrease ot the invention ~ills the cable ~ore easily and 

35 faster, avoiain; microbendinq difficulties which ca~ eause 
attenuation in fiber optic cable. 
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2) Conventional formulations at low viscosity require 
a reduced silica content to achieve the same degree ot 

.. viscosity. However, this reduction causes syneresis, i.e., 
the qel becomes unstable and separates into an oil layer and 

5 a filler layer. This eeparation causes difficulties in the 
static properties of the fiber optic cable. The foxmulations 
ot the present invention have not exhibited syneresis in any 
tests conducted so far. 

Whan introdueinq the grease into the fiber optic cable, 
10 it is important to achieve as low a viscosity as possible so 

that the tiber& are not moved. This is achieved by 
introducing the qrease under hiqh shear into the cable. This 
can ba accomplished by retaininq the grease composition in a 
reservo.U:- such as a drum upon which a drum pump of the piston 

15 type is attached. This pump causes low shear and movement of 
tbe grease out of the drum and into a ·conduit or pipe which 
is traced and heated to zaintain the temperature of the 
grease therein to at least about 80°C. The qrease then is 
directed throu9h a gear pump which is operated under hiqh 

20 shear conditions of about 5,000 to as high as 20,000 
revolutions per sec. A pipe exitin9 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 cabl& a~ temperatures of abOut 500 to 600°P, preferably at 
about 550°F. Unlike prior art 9reases, the tormulations of 
the invention are relatively stable at that temperature. 

As noted above, an antioxidant may be used to i~part 
enhanced stability to the grease at such elevated extrudinq 

30 tem.pe~atures. The most preferred. antio~idant is Ci:ba-Geigy 
Irganox 245, a sterically hindered pbenolic cmapound in tbe 
f o::rm or a white crystalline powder havinq the empirical 
formula Cs4H5001 • This compound is also known as triethy1ette 
qlycol bis [3-(31-tert-butyl-4'-hydroxy-5'-methylphe.nyl) 

35 propionate) or ethylene bis (oxyethy1ene) bis (3-tert-butyl­
hydroxy-s-methyl hydro cinnamate). other bis hindered phenol 
rinqs connected by a polyether linka9e should provide 
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comparable results, but the Irganox 245 is praferrad due to 
its ready commercial availability. 

TO ~•t•rm.ina whether or not a particular antioxidant is 
suitable for use in the present invention, a modified Belcore 

s oxygen inhibition teat may be conducted. A sample of the 

qrease is put in a calorimeter in a boat under nitrogen 
pressure a~d is conditioned at 19ovc. '!'hereafter, pure 
oxygen is pumped into the calorimeter and changes in the 
grease are measured. In order to provide a suitable grease, 

10 the material must 1:>e able to withstand approximately 10 
•inutea at 19o•c in a pure oxyqen environment. The use of 1% 

by weight of Irqanox 245 in the qrease formulations ot the 
present invention allows the grease to withstand 
approximately 8 minutes in the modified Belcora test. 

11 Increasing that level to about 2t increases the resistance of 
the grease ta the test environment to about 12 minutes. 
Finally, an addition of a):)out 3t Irganox 245 allows the 
greases o'.t the present invention to achieve a 30 :minute or 
higher rating in the previously described test: this is an 

20 optimum condition which is quite unexpected for these types 
of materials. 

'l'hus, the compositions of the present invention are 
capable of passing the appropriate tests tor obtaining 
suitable grease compositions for fillinq fiber optic cable. 

25 These tests inolude a syneresis observationt an ao 0 c drip 
test, and a bleeding test utilizing a 0.1 millimeter 
penatrant at 2!:i•C. 

A conventional optical f il:>er buffer tube or cable 
include• a plurality of qlass fiber.cores, each of whieh 

30 typically has a polymei-ized coating thereon for moisture 
protection. These fiber cores are oolo~ oOded so that 
operators can select the proper ones for splicing or other 
connections. Thus, a pigmented material, ""usually of an 
uncrossiink.ed PVC material, is applied to the exterior of 

35 each f i~er core to impart a desired color thereto. The fiber 
cores are collected and placed into a cable. Thus, the cable 
qrease must be one which is compatible with the ink. For 
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example, inks aro. aoluble in cert~in polyols, and can nrun" 
or di••~lve therein. To mini~ize this problem the polyol 
should have a molecular weiqht of at least 4,ooo and 
preferably at least 6,000 for compatibility with these types 

S of ink. 
A synereaia observation at ambient temperature is 

conducted aa follows: the formulations are prepared, retained 
in a suitable container, and observed tor oil separation over 
a period of one month. The formulations of the instant 

10 invention exhibit no syneresis over a period of at least aix 
months; it is unlikely that any synereais will be encountered. 
~or lonqer times of use of the grease. 

The sov drip test is described as follows: 
1. Use a 12 inch lonq buffer tUbe; 

15 2. Insert three 12 inch lonq optical fibers into the 

20 

25 

30 

tuba. 
3. Fill tbe tube with the qrease to be tested by 

injecting the sample of the composition with a 5 cc 
syringe. No air should be. trapped in the tube: 
Place the tube in a horizontal position for 2 hours 
at room teaperature; 

5. Place the tube in a horizontal position for 2 hours 
at ao•c (A forced air oven is preferably used); 

6. Clean any amount of grease that cones out of the 
tips of tbe tube due to thermal expansion; 

7. Weiqh a clean, empty aluminum. dish in grams (Wl); 

s. Place the tu.be in a vertical position at ao•c; 
Place the alum.inum dish unc:ler the tube in•such a 
way that the tip of the 1:.Ube is a few m.illiaeters 
fr011 the center of the bottom.of the dish; 

•' 

10. Leave the system. at so 0 c for 24 hours; 
11. Reweiqh the aluminum dish in grams (WZ). Inspect 

the dish for any traces of liquid; 
12. The difference in weiqht (W2 - WI) ·is the drippinq 

35 readin.q in grams. 
The paper bleedinq test is described as follows: 
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HATEBIALQ 
l. 5 ml syrin9e 
2 • 

3. 

4. 

11 C1ll diameter, type l ~ilter paper 
Pyrex watchglass (12 em diameter) 
600 ml Pyrex beaker 

5. Lab spa tu la 

6. Analytical balance 
7. Tweezer$ 

8. Scissors 
9. Forced draft oven set to ao•c 

PROCEJ)QRI 
1. Load the qrease compound into the syrin9e with a 

spatula. Slowly press the plunqer to eliminate air bu~bles. 
2. Cut a l in. by 1 in. filter paper square; weiqht 

1S (W'l' 1) and record [to 0.0001 gral'llS). 
3. Slowly apply l ml of the compound from the syrinqe 

onto the filter paper square in a circular dab. (Le~ve some 
rooa around the edges to allow the dab to spread.) Weiqh this 
"sample square" and record tb.is value as WT 2. 

20 4. Weigh an 11 cm diameter filter paper eircle (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 
25 for 16 hours. 

30 

35 

6. Weigh the sample square (WT 2A) and the larqe 

filter paper circle (WT 3A). 
7. Rep1ace the sample square under the beakel:, and 

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

8. 

minutes 
and. the 

9. 

Remove from the oven and allow to cool for 5 
on a marble surface. Weigh the sa111ple square (WT 2B) 
filter paper circle (WT 3B). Mote any color changes. 

Discard sample square and filter paper. 
10. When handling the sample square and the filte~ 

paper circle, use only tweezers. Take care to keep moisture 
and all foreign particles away from the sample squareA 
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CALCQLATIONS 
l. Initial W•i9ht - (WT 2) - (WT l) 
2 • 

J. 

4. 

5. 

Weight Loss • (WT 2) • (WT 2A or WT 2B) 
t weight Loss • 

Wei9~t Loss x 100/Initial Waight 
Filter Paper Waight Gain • 

. (WT 3A or W'1' 3B) - (WT 3) 
Volatile Weiqht 

a. (Weight Loss)-(Filter Paper Weight Gain) 
if > O o:r 

b. o, it (Wei9ht Loss)-(Filter Paper Weight 
Gain) s o 

6. t volatile Weight • Volatile Weight x 
100/Initial Weight 

1. t NoWifolatile Separation Weight Loss t 
Volatile Weiqht 

"A" values are used to calculate weight chanqe after 16 
hours at room temperature. etB" values are usad to determine 
weight change after the additional 24 hours at so•c. 

2 0 MEASUREMENT ERBOR 

Due to repeated bandlinq of the sample, some error 
should be expected, especially in calculating volatile wei9ht 
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 nlllllber. At least three samples 
should be tested ai~ultaneously per com.pound to be evaluated. 
The resultinq peraentaqe values can then ba averaqed to 
determine the 4 Waight Loss and t Nonvolatile Separation • 

• ·!"" 

30 ggp1es 

~e scope of the invention is further described in 
connection with the followinq examples which are set forth 
for the sole purpose of illustratinq the various preferred 
embodiments of the invention and which are not to be 

35 eonstrued as limiting the scope of the invention in any 
manner. tn these examples all parts given are by weiqht 
unless otherwise specified. 
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ExQ.mplos 1-3 

The following sample• were prepared for testing 
.. accordinq to the moditiad Beloore test • 

5 COMJ!ONUt 

Polypropylene Glycol 
4000 mol. wt. 

Silica particles 
cab-O-Sil TS-720 

EXAMPLE (in parts per weiqht) 
1 2 3 

89 87 87 

10 10 10 

l.O Antioxidant 

15 

Irgart0x 1076 
Ir9anox 245 

Belcore Test Results 
(minutes) 

1 

1.6 

3 -
3 

7 .. 9 36 

'these tests show the unexpected performance achiavab1e 
with the Irganox 245 antioxidant, ·whereby the use 0£ three 
parts of this component enables the grease to withstand 36 
minutes in the test. In qeneral, however, the present 
invention discloses that greater amounts of antioxidant are 

20 needed com.pared to those tau9ht by·the prior art (e.9., 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 optim~ amount of any particular 

25 

antioxidant by routine testing. 

bamp1a 4 
The following examp1es were prepared usinq higher 

molecular weiqht po1yols that have a reduced level of _mono 
). ... ::.. 

unsaturated compounds. The specific procedure is as follows: 

30 2.5 9 (1t) ot the antioxidant (Irqanox 245) is dissolved in 
222.5 g (89%) of polyol on a hot plate ... The mix is cooled t.o 
roOlll temperature and blended with 25 g (lot} silica (Cabot 
720) until homoc;reneous. ·The mix is then taken out of the 
blender and mil1ed twice on a three roll mil1. Three fibers 

35 were tested in each grease as described. above. Also 
pertormed. was a paper oil bleedin9 .test with the same 
greases. POLYOLS: Arco R-1857 {2,ooo MW diol); Arco R-1885 
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(4,000 MW diol); Arco R-1697 {6,000 MW diol); Arco R-1819 
(8,000 MW diol); Arco R-1818 (12,000 MW diol); Arco R~1836 

•• (15, 000 MW dial) • 

All gels were prepared as noted above, and were clear* 
5 The gel made with the 15,000 MW polyol was very, very thick. 

10 

ll 

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

PQLYQL 
2,000 MW 

4,000 MW 

6,000 MW 
8, 000 MW 

l.2 1 000 MW 
15,000 JPf 

OIL SEfARATIOH AT 80 9 C(tl 
27.4 
15.4 

9 .. 2 

5.2 

3.5 

0.7 
which was included as a comparative 

formulation, provided the worst performance re9ardin9 oil 
separation and was unsuitable. Generally, values below about· 
16.6% are acceptable, although the lowest values.would be 

The 2000 MW polyol, 

20 preferred. Siftce the viscosity of the gel increases as the 
molecular weight of the polyol is increased, th.a highest 
moleoular weiqht po1yols are not preferred for that reason. 
The polyols which provide the best combination of non­
syneresis and viscosity are those ha~inq a molecular weight 

·JS of between about s,ooo and 12,000. These polyols also 
provide vary good compatibility with the optical fiber ink 
coatin9s. 

Althouqh the preferred embodiments of the present 
invention a.re wel.l suited for the purposes disciosed, it is 

so recognised that one ski11ed in the art can make various 
lllOdificationa without departing troa the inventive aspects 
disclosed herein. For example, other colloidal particles, 
antioxidants or thermop1astic elastomars can be selected 
after conductinq routine tests for optimum specific 

35 components and a•ounts. 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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C L M s * D£ CLAIMS 

What is claimed is: 
1. A buffer tube qel consistinq essentially ot about 

5 75 to 95 parts by weight of a polyol havin9 a molecular 
wei9ht of at least 4000 and a reduced content of unsaturated 
mono compounds; about 2 to 15 parts by weiqht of a thickenin~ 
aqent; and about 1 to 5 parts by weiCJbt of an antioxidant so 
that the co~po~ition oan withstancl at least about 10 •inutes 

10 at 19o•c in a :Pure oxygen env1romaent. 
2. The gel of claim I wherein the thiokeninq agent 

comprises colloidal particles. 
3. The qel ot claim 2 wherein the colloidal particles 

are silica, clay or a aixture thereof. 
15 4. The gel of claim 2 ~herein the colloidal particles 

comprise hydrophobio fumed silica, precipitated silica, clay 
or a mixture thereof. 

s. Tha gel of claim 2 wherein the colloidal particles 
are present in an amount of about 4 to 12 parts by wei9ht. 

20 6. The qel af claia 1 wherein the polyol is present 
in an amount of between about 80 and 95 parts by weight and 
has a molecular weiqht of between 4,ooo and 25,000. 

7. '1'he gel ot claia 1 wherein the polyol has a 
Dolecular weiqht of between about 6,000 and 15tOOO and a 

25 content of mono unsaturated compounds of no greater than 
o.os meq/g. 

a. The 9al of claim 1 wherein the polyol has a 

molecular weight of bet:•een about 8,000 and 12 1 000 and a 
content of mono lUlsaturated compounds of no qreater than 

30 o.o3 meq/g. 
9. The 9el of claim l further consistinq essentially 

ot up to about 1~ 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 elastomer. 

This Sheet Has B --
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11. Th• gel of claim 10 wherein tne po~1Ut."ei:hane 
elastomer includes a pendent or extra-linear terminally 

unsaturated ~b- 9roup. 

12. The gel of claim l wherein the antioxidant is a 
1 sterica1ly hindered phenolic compound. 

13. The qel o! claim l wherein the antioxidant 

include• bis hindered phenol rinqs oonnected by a polyether 

linkaqe. 
1•. The ~·~ of claim 1 wherein t.he antioxidant is 

lO trietby1ene qlycol bis [3-(3'-tert-butyl-4'-hydroxy-s•-methyl 

phenyl) propionate]. 
15. An article of manufactura comprising a buffer tube 

having a sheath, the buff er tube qel ot claim 1 located 

within the sheath and plurality of optical fibers located 
15 within tha ca~le sheath in contact with the gel. 

JO 
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35 
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