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POLYPROPYLENE COWVPATI BLE GREASE COVPCSI TI ONS FOR OPTI CAL FI BER CABLE FI ELD
OF_THE | NVENTI ON The present invention relates to a colloidal particle
“filled pol yowWOB#8M1Tonponent grease conposition and to artic?ggngﬂgﬂngé
sheat hed communi cati on cabl es, especially those containing optical fiber
bundl es, which incl ude thi POHERROPULENR CONRATIBIE SREASK BACKGROUND OF
THE | NVENTI ON A grease tGOMEQSIJIPNSFOB| PBTECALcELBERqGABLEUbSt ance which

includes a thickening or gelling agent in a liquid carrier. Al npst any oi
havi ng | ubricating properties qg¥ ia Ee ﬁgeg with a suitable gelling agent
to make a grease. Petrol eum oil ,E _ TION astor oil, .

pol yal kyl ege gl ycohe, presehtt invdntibar relatiesctoes, cblloidadr pard id) '
pol yphenyl “e I d.j red uhri i r es. (See,
g Brat hwsiiaed PEATER, bALRC cbpSRIE, Girdace BbnERE EIoH BRAFen ! ng co.
1967, pages agticdgsasuchogsoshpathrd gepmundcagden rtebdesnt egpesdalily

greases incl gdeskaktontashingoapticalarivet bufidlel! IaRiendyae1 @Y 83 and
urea derivatives. The g orms a network structure in whlcﬁ.the

eIleg agent f
carrier is hGF§35¢ COPPPEAFS ESQPSFEéQr When a low stress is applied

t hrough ajganpl e of grease, the material acts substantially Iike a solid.

If a st re%s above a critical #@I&&g@ﬁwl'ﬁg%ﬁ@gﬁwr' al fl ows and

vi scosity decreases rapidl¥. ! C oSTty is largely
reversi bl e since At9rsaggpiyRiralivuisdapgolid pypsemé-digndduwsnubsitancei ons

between fill ghild theh88esaB0thERENEHECHL0881E2Ag! 858HE g 50%&&91&“6 ,
renpval of the sqQurce 8g'thg stress é de5|rable,groﬁert of the“grease is -
the absence GRY¥&SXyncPrBPSt png oil, haying; LybricatingaProRRrLtdes may

15 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

20 Lubricanﬁs," Elsevier Publishing Co., 1967, pages 181-183
and 223-228). The gelling agent frequently used in greases
include fatty acid soaps, clays, silica, organic dyes,
"amides, and urea derivatives. The gelling agent forms a
network structure in which the carrier is held by capillary

25 forces. .

When a low stress is applied through a sample of
' grease, the material acts substantially like a solid. 1If a
stress above a critical value is supplied, the material
flows and viscosity decreases rapidly. This decrease in

30 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 '

35
consistency. Generally, syneresis is controlled by



consi stency. Generally, syneresis is controlled by WO 97/ 03117 )
PCT/ US96/ 10797 assuring di spersion of an adequate anount of the gelling

agent througﬂggﬁ.& %Ibe conposition. Gease conpositions have beegrusssedon®s
cable filling P34 al i's both conventional (electrical) comunications 5
as well as for optical fjber cables. U S Patent No. 4,701,016 discloses a
gr ease conposHﬁ%%ﬂf*ﬂﬁn#ﬁ%ﬁ?ﬁf%ﬂ?(ﬂq,aQ1iﬂﬁq?ql APHNY RE, the Geiding
particles of sidgerst dthmhwghowndtheptcampdsitioml eed i nhibitor. The oils
whi ch are di scl osed | ﬂﬁgg- ¢ 1Lt q§%9§i | f R nt

i ncl ude certain napht egn%écq%r ,arlaL{JfJf‘%ﬂr}?.cﬁ%ﬁs avi%%%lzar%a?éngg%é%‘??%gg
gravities and medREialdis kRathhaankentionat Ircriepbcicomnnigrtions,

triglycerideshagedarueiaiiar Aptsicaol sibapasked) | .Ul wsdeaiedyparaf fin
he colloidal particle 15 filler, nateri al

oils, and pol ynerj zed esters.

pref erably conﬁr'i@és'dos]iqsi‘ﬁf%ﬁstlaesg%‘iﬁ? SOTRARAF AN SPMRTIF NG AR at ed
silica. Preferrsdd bleeeellindidgent isuthides stokkridaliigmrticles of silica
styrene-rubber - , Qéﬂ%r . ﬁg%# semn.liqud r ers
such as high. viﬁﬁﬁiﬁ pag'{dyi 0 tﬁ%fgﬁ}é.é)%%éegﬁi islnn re |€6rﬁ's ?J%: %%H%OWHP&

t hermal oxi dat iaxe StigglasAd asyheing wrrivy in tgr%mpos#elm%mﬁ/ahmge

of the conpae thatentofind1BadBertia i napnitHertild dis gdier At 9Ly A&y
amounts of silica nmust be i.,ncl uded t.Q hreet .t eaﬂggé%géaie service

requirements fGETGRTySRRGILLIMA, gravikiss and, Ry S RpPuteng Rilsed
which are not ef igislijiaxuispedief fooprogeart gxt | crigilyeeride feadedul ar, such
e o O L R e
Furthernore, ifoilifo ansumolymeniizedh astersiuc&he Feldaidado nartideosity
of the greage gfiha xRt AP Prfedtyy Homprises silica particles such
- as fumed silica or precipitated silica. Preferred bleed
inhibitors include styrene-rubber, styrene-rubber-styrene,
or other block polymers, and/or semi liguid rubbers such as
high viscosity polyisobutylene. Other ingredients such as
20 thermal oxidative stabilizers may optionally be present.
One disadvantage of the compositions of U.S. Patent
No. 4,701,016 is that relatively large amounts of silica
must be included to meet the appropriate service
requirements for the grease. Thus, relatively stiff
25 greases are obtained which are not entirely suitable for
fiber optic cables. In particular, such stiff greases will
affect attenuation (microbending) of the fiber optic cable
at relatively low temperatures (i.e., below about S50°F).
Furthermore, if the amount of silica is reduced to lower
30 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 No. 5,348,669 discloses polyol~containing
35 grease compositions that are capable of providing an
optimum balance of viscosity and shearing characteristics
such that the compositions are entirely suitable for use
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tHe fofmulation are reduced to a value which is | ess than desirable.

Mor eover, such a reduction in silica often results in syneresis. U.S.

Pat ent No. Sv649%0$9? discl oses pol yol -containing 35 grease c@QTUES9EA10793
that are capabl e of providing an opti nmum bal ance of viscosity and shearing

charact eristi g such Hag! S LU V% 3° 18Ul LehpllARLE, T O use

with fiber optiadddgions é‘sh@ﬁeatfommla‘qmmemné@ prepertiiEsowhidesere
fornul ations p%%ﬂa%&epbqp%tsb&%g\'\’%%h apptopiakiee a@fipd

appropriate er§ er bleedln%-tests and s ere5| reqU|renents
for such cable eﬁﬁﬁmn fe5tsasa0d gYQeresis,refylrs X’@E%’%@er Sughe Sakiey
grease conposi fiialihgr greasas.a UaBIePHﬂehmnyonaseBnalsseomnah&mmgthekmeen
about 75 and 9 S Is 0 fs . _Qr.._este
havi ng a nol ec %?%%ecgﬁpwgﬁgqg %ggtgg%b 3 gpgggﬂE 1%21m§Lﬁ@be%Htﬁz and
20 10 parts by cambyising @GFWGﬁaaBbﬁﬁﬁtﬂ§Ié§d 9B partscdy yedghd of a
conposi Td I Ontshf Bagkl %Bmﬁ@nbﬁt%lf.' aa oqwlc art %%lﬂlei“ hlalvlllhag aﬁ%lfé{m%wg
conpounds e nmore co c an ral ~oi nt ai nin
greases. In ad Fgﬁ 3% ; é h?H%h% 502 gﬁ?ngfgwe§n08?°?%9 19“$ng°
?,163,115 ?;ecbastsvbylmaﬁgh&bbf coﬂﬂngdaatpanflwﬂesh | itlilee thiexe g&?ﬁge
or preventing e LoV $i.QN ¢l udi ng
a_super absor ben‘t@ﬁ\ Bk 1@1%2 E‘&Ectt'i ﬁmﬁﬁﬂﬁ'& w%.aﬁ Ss %g%*ia;ﬁl Y;Jﬁ% 127%1115 hg
superabsorbentandt£ﬂPQﬁ1nUh§9@P©@nﬂ§guﬁaﬁwbﬁgeam@rél§9$E@Yhﬁpepﬁvﬁmbp to

produce and/orthgﬁtﬁhheggqnoqungbﬁhaqﬂldgoggghgbgg grease conpositions. Due
to the relatively |1ong | engths of cabl e that are |nstalled certain cable

conponents are belnénnéﬂg igh, U.S. Patents such as ,867,526, 5,082,719

15 and 5,163,115 disclose various cable configurations which
include provisions for preventing water migration through
the cable, such provisions including a superabsorbent
polymer or a tape which is impregnated with a
superabsorbent material. These configurations are also

20 more costly to produce and/or install than mineral oil
containing grease compositions.

Due to the relatively long lengths of cable that are
installed, certain cable components are being made from
conventional plastic components such as polypropylene in an

25 attempt to reduce the cost of the cable as well as obtain
multiple supply sources for such components. This presents
a problem to the cable grease supplier in that many grease
compositions are not compatible with materials such as
polypropylene and can cause deterioration of those

30 materials and consequent loss of properties.

To remedy this problem, certain prior art cgble
filling and flooding compounds are either formulated with
more expensive components which are compatible with
polypropylene, or the cables are configured so that

35 incompatible compounds do not come in contact with the
polypropylene components. It would be preferable to have
polypropylene compatible filling and flooding compounds
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conventional plastic components such as pol ypropylene in an 25 attenpt to
reduce the cost of the cable as well as obtain nultiple supply sources for .
such conpongyd 7e3lfy s presents a problemto the cabl e greasePCUSISH/EITIT n
t hat many grease conpositions are not conpatible with materials such as

pol ypr opyl ene an_caus f,. 01,3t j f .t hos 0 I.al s and .
consequent | osg’?’g -%pragﬁe%eﬁés{ig%ol y?é'%'yd%s% g rogée%méggéﬁoaﬁ r?s epr?%?“%?’fc
cable filling Senefidsditey aahsomamniactuierse and purichasers.t h nor'e

expensi ve conponent hia Chrae GYRATHdEE At hikd Yerdarmive 011 deddd! es
are configured sQ_that, 35 inco gtlble conpounds do nqt .cone in contact
with the polyp eeﬁélidﬂ%r?é{g 1oqding, GPmpoURGss Mhhgh, are eempatible

pol ypropyl ens awdighatpidlypriopyiliene aadblid eatipopettsnoumhe present\3 i iSichy
PCT/ US96/ 10797#&&%‘%@ ol Lt%""t%fé%te ?@oﬁ%%%rs to provide economc
€ . us

benefits to ca nmanuf acturers and purchaser , there is a need for
hi gh performance, | ow cost cable filling and fl oodi ng conpounds which are

conpatible 5 with pol ypropyl ene g QO BROMERl SNVERRSOR' €sent i nvention
provi des one solutign to the%§' ro ns. NVENTI ON The |,
present invention rdbg PSS Bn"éf 1o pedaties, TPy & gregse sompasitian,

or floodi ngioaifer asef as @ Hhllinet ioan<loakdinga mdtieripdr thogul ar for opti cal
wei ght Cof an olPREaRIaAE (eI by AR 11l Ak e3R8 2 obR 1A Tiber
about 13 to 71cphles biThis gmease compositiony contaiing adoysl RPertanf7S( A)
pol ymeri zed caga@isOiy Weidht Hf?a&@%&tli %m?io%%@:t c%fmp%i@ilnéj TSI H
conpound and castor qil, or."a ricinoleate_polyol; and about to 12
or a ricinoleate polyol; about 13 to 71 parts by weight of
15 a hydroxy-terminated polymer of (A) polymerized castor oil
~or (B) the reaction product of a polyisocyanate compound
and. castor o0il or a ricinoleate polyol; and about 4 to 12
parts by weight of colloidal particles which are present to
_ impart a gel structure to the composition when mixed
20 therewith.

The preferred colloidal particles are hydrophobic
fumed silica, precipitated silica, clay, or mixtures
thereof and are present in an amount of about 5 to 10 parts
by weight. The preferred oil is castor oil and is present

25 in an amount of about 40 to 70 parts by Qeight and the
preferred hydroxy-terminated polymer is the reaction
product of a polyisocyanate compound and castor oil having
a hydroxyl value of at least 70 and a viscosity of at least
26 stokes at 25°C and is present in an amount of about 20

30 to 50 parts by weight. Preferably, the oil is present in ]
an amount of about 50 to 60 parts by weight, the hydroxy-
terminated polymer is present in an amount of about 30 to
40 parts by weight, and the colloidal particles are present
in an amount of about 6 to 8 parts by weight.

35 The composition may include a bleed inhibitor in an
amount of up to about 5 parts by weight, an antioxidant in

an amount of between about 0.1 and 2 parts by weight, a
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parts By wei ght of colloidal particles which are present to inpart a gel
structure to the conposition when m xed 20 therewith. The preferred

col | oi dal pwdé.ﬁd §p; ar e -hydrophobic funmed silica, precipitateoresbemagr
clay, or mxtures thereof and are present in an anmount of about 5 to 10
parts by weight erred o I, S castor sent 25 in an
anount of abou?aﬁﬁrtBR Lbﬁ?tggﬁVLméPgﬁP aﬁauPhe grEPeiP Bout 10° parts
hydr oxy- terninbYedepghyneor|holhewrmécrosphpreducn ah ampuhyi edicupnioe
compound and caghae gb! phRKENG awaxggfxy' vaiie BbnBbsieish Aly3adsd

viscosity of at | east 2 st ok e erri I's.present in an anount of
about 20 30 toinglpdet @ Bjogidgnt preferabal ¢, fFﬁﬁlﬁFﬂerslpré§eﬁ@°ﬂntanf

amount  of abQUﬁp5Qot&b6ﬁtparE5rb§ pPi gelightheragdr esyproeestnghed pol ynmer
IS present in an_anp 0_40 Lts by

col | oi dal partFnggsigéoﬁr3?3%5;Fn85he5ﬁ858?18P abo FrgHFS geg§F9§ 5)s
wei ght. 35 thése apdpotheroaddibives| avte fubtbed dedchbibed belaw.anount

of up to about 5 a a n u bet ween
of up to about pgg?ga ?Mv&ﬁtgbﬁ afo PEiQééQ e%oa c88x 4T BLnek

PCT/u596/10797camp€%55P6cﬂ|aguag%hFYuﬁfaﬁPShﬁaﬁtbeeﬁﬁvtenabeushggtparts by
wei ght, or ﬂ0|éﬁﬁt&hﬁ&ﬁﬁ@hEHGSfiBeﬁnaﬁﬂDﬂmllé& withooAlouE thHePgtbashy

wei ght . The co ition nA nclude a biocide, preferably a
fungicide, in Sﬂmgﬁ%8§?°8? §3ﬁ5¥f§e§b3h?vﬁ parts by weight order to protect

t he conposition agai nst deterioration. Further details on these and ot her
additives are further desgpmgdr b@gc @%Ibﬂ”%@* gh@% gt es to a
coaxi al cable conprising a prarality ol optfca ers, sheath 10

surroundi ng the fi bBPLYRY F?DtéankﬂghgﬁﬁéséfC?NEOQ%EhQES °f the present
15 invention are ideally suited for use in connection with the

£illing of optical fiber cable, such as those disclosed in
U.S. Patents 4,701,016, 4,645,298, 4,711,523, 4,744,631,
and 5,348,669. To the extent necessary to understand the
structure of such cables, these patents are expressly

20 incorporated herein by reference thereto.

The polyols
The polyols which are useful in this invention include

castor oil or other hydroxy-terminated polymers derived

25 from castor oil, ricinoleate diols or other ricinoleate
polyols. Castor oil is a naturally occurring triglyceride
of ricinoleic acid. <Castor oil is actually a mixture of
mono~, di-, and triglycerides and has an avérage hydroxyl
functionality of approximately 2.7. Other ricinoleate

30 polyols include ricinoleate diols and glycol, polyglycol
and other polyhydric alcohol mono-, di~, and polyesters of
ricinoleic acid. The ricinoleate polyocls of U.S. patent
4,812,533 are useful, and the content of that patent is
expressly incorporated herein by reference thereto. cCastor

35 o0il is the most preferred due to its relatively low cost
and ready availability.



cdnposffions descri bed above. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Pol yol
contai'ni ng grease conpositions of the present 15 invention are ideally

suited for ugRdppsg@nnection with the filling of optical fibepcrasheiorsuch :
as those disclosed in U S. Patents 4,701,016, 4,645,298, 4,711,523,

£ 7e 631 and o S45ehg% s Lonble £Xhath IBTRRIALLCERC S Sl Gy,
herein by r ef ermathodacveld. knhwnponybhg 3H§:p9h$@bsbmhdawe&¢e useful in

this invention pagbydeicacion 8! rQﬁlﬁBﬁéﬁchX@'iQXXrﬂ:ﬁr B e3hed P
derived 25 from cas | , _ricinoleate diols or_other r|C|noF ate pglyols

Castor oil is aeﬁ9¥i?ﬁflg 569%!rgﬁﬁcFFFBchBFpﬂglﬁPerHéyﬁeﬂelBeéUﬂGneGastor
oi |l is actual$ygayocoX}udtethylene-glgcol, addptbpglyﬁergdgaogod has an

pol vol's 1ol uaehekeEERIIghG dPbodhibaYyEERT LB, Ang boTkphofuigne™ ©
pol yhydri ¢ al coadycedfo-Sugroseapy porbitodss SpecltlnoteccnadedteTbster
ricinoleate pO'&@hﬁo@ﬁdé’fthﬁ&Snétﬂy§é3e5§§ ébi H?ﬁBU|anan 1&&31582%§%Es,f

t hat t ent h reference

e P2 o™ e oeePEE oreno T Al L e L85 ] SrbeRy cPEnT B EEREEr ARG s BRDR=
avail abi | i tya0-@i-, tiiB-p7tétsds and pentar1c1noleates, glycerol
PCT/U896/10797 %Pélﬁ?fégeée'f @C§?°£8§¥95?§ §§HOPe ggge ﬁéfimethods

wel I known Fon o r) eic acid
with alcohols s@éﬁlébn@lﬂ§t%%e Bﬂ?@b@dlgly@érlﬁéncbﬁépybehGOBEytyuglycol

hexyl ene, 5 9'YE8$o-déﬁﬁhdifﬂ@lﬁ&ié&fesd'Qﬂﬁpﬁbﬁae 8kYa9kichfy2aELRY! gge
gl ycol , polyethxlene and polgpro ene
bis (2-hydroxy propyl) aniline or N,N,N,'N' - tetrakis

15 (2-hydroxy propyl) ethylene diamine.

Hydroxy-terminated Polymers
Suitable polymers for this component include

polymerlzed castor oil and the reaction product of - a

20 polylsoqyanate compound with castor oil or a ricinoleate
diol or polyol. Castor oil which is polymerized to a
molecular weight of at least about 1000 is acceptable, but
commercial compounds such as the VORITE series of
polymerized oils which are available from CasChem, Inc. are

25 preferred. The VORITE polymers are made by reacting castor
oil with a polyisocyanate compound to produce an oil- _
urethane adduct that has a hydroxyl number of at least 70
and a molecular weight of at least about 9;000.' Typically,
hydroxyl numbers between 70 and 130 and molecular weights

30 of between 2,000 and 9,000 are preferred.

Suitable isocyanate compounds include aliphatic
polyisocyanates, cycloaliphatic polyisocyanates or aromatic
polyisocyanates. Typical of such compounds are 3-
isocyanatomethyl-3,5,5~trimethyl-cyclohexyl isocyanate

35 (IPDI), toluene diisocyanate (TDI), 4,4-diphenylmethane
diisocyanate (MDI), polymethylene polyphenylisocyanate,
1,5-napthalene diisocyanate, phenylene diisocyanate, biuret
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gl'ycol §, sucrose or sorbitol. Specific ricinoleate ester compounds include
et hyl ene gl ycol nono- and diricinol eates, propyl nono- and diricinol eates,
penta erythriygd708850-, 10 di-, tri-, tetra- and pentarici nolrca/esss/10797

gl ycer ol r|C|noIeate 1 4- cycl ohexane dlnethanol nmono- and diricinol eates,
but anedi ol diri cjinol eat e col nd diricino]eates, and ~
nmono- or diri cﬁﬁ%r}b ee‘%ﬂyrhﬁr& B*%‘%fy %plzg%/'['ﬁ ’d?ﬁ‘f}?ﬁe or NNNN,'N
- tetrakis 15 (rHexamsthylenemdisatyanate aﬁ@rdo@:.ﬂdy@umq-ﬂmrémﬁi edrnx
Pol ymer s Suit abj e fitlediisa [ O'ad Hor & HIORRD erld Aeiirarnditr) 2661 6ot Of

oil and the reacti'on, product pal yi sqcyanat e conmpound w t h cast or
oil or arici no‘}'%aé%te"Qﬂ cﬁh‘?}}l"pd?eycﬁucrbé'sﬁacﬁ e safWEing adduat ibasl to a
nol ecul ar weisyiydfo:atl | fandt il ith00 o aF eptdinary BRiXONR N art

conmpounds such as Iy eries ol y ed .oi l.s i.ch ar available
from CasChem I"gc ﬂ;ﬁgxo% pr%'ef%er 1 Q-IF181 (%‘HP@% %tsrretrosm%

reacting cast ordegireq taddugks.yi socyanat e corrpound to produce an oi I -
ur et hane adduct that mﬂm lyiem f1d) ﬂeeq%ag&dang £ Mol ecul ar

wei ght of at |east about 9,000. n5§¥ |caug¥6ﬁﬁydroxyl nunber etween 70 and
130 and nol eculR® Xﬁeﬁ‘lﬁifaé“g@ &gl Fhe sapemanner as
Sui Itab: e Ih sqwadsm]tmn:mmncmmmw&-mmdwub mdlwcﬂu:)da{ahﬁfe t:hosef -
cycl oal i phatic rongt suc
conmpounds are |ésﬂo%/(}ggng‘%@&ﬁ1 d? E% rinme (yt%ﬁs dhexyl Wid’@%ﬁa
(1PD), tol ueneie;acmdmgthr@cye(ua )v,sefvzﬂr cﬁq;hémel mlryaﬂe atimpegerdnat e (IVDI )

pol ynet hyl ene pol.yphenyli socyanate, 1,5-napthal ene diisocyanate, phenyl ene

di i socyanate, biuret -6- PCT/ US96/ 10797
Fillers _ :
is Among the colloidal particles which are useful as

fillers in the practice of the invention are colloidal
5111ca, either hydrophilic or hydrophoeobic, preferably a
hydrophoblc fumed silica having a BET surface area between
about 50 and about 40 m’/gm. An example of a hydrophobic

20 fumed silica useful in the practice of the invention is a
polydimethyisiloxane-coated fumed silica having a BET
surface area of about 80-120 m’/gm, containing about 5% by
weight carbon, available from the Cabot Corporation of
Tuscola, Ill., under the trade designation Cab-0-Sil TS

25 720. An exemplary hydrophilic colloidal material is fumed
silica with a BET surface area of about 175-225 m?’/gm,
nominal particle size 0.012 um, specific gravity 2.2,
available from the Cabot Corporation under the trade
designation Cab-0-Sil M-5. Mixtures of these materials may

30 also be used. Other silicas such-as Degussa US202 can 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. .
35 '



W® 97/B3117 of hexanet hyl ene diisocyanate, 2,2,4-trinmethyl hexanethyl ene
di i socyanate and conbi nations thereof. TDI is preferred. AS noted above the

st.oi chi onet % ?%’”‘I"Lﬁ reaction shoul d be such that the resultipsr/gsstaerorhas
5 hydr oxyl RIS ality. One of ordinary skill in the art would know how

to react the conponents to _obtain the desired adducts. Ricjnoleate polyols
can al so be reBer&datilyh SedMpleo PPAVREE Sc GRTHU AT R Yaramkds1and ¢ he sane

manng_r als 10dcp&u9hnﬁ.idles Salnt?flllés% Hecglryﬂdeafdiﬂ@@rydméiélcdmgﬁat&tgﬂ@im%h
are disclosed [n,U S.__patent 4, . re described above as
5B Bnel 3o bort SERR] AL HiT1 Y

useful for thewﬁ FiTTers ﬁ%ng t he col | oi da
particles which are useful as fillers in the practice of the invention are

col loi dal 'sikica, eighRerdihany bibtidhaly drepiebicht L @l AN
hydr ophobi c %uqed silicg havin G; ET surface grea betwpenigbéﬁt 0 and

about 40 nf er r tRGHuded, 10, The dnyentiye,compasitisms. ddg dg9iradusef ul in

the practice of the invention is a pol ydi nethyl sil oxane-coated funed silica

havi ng a BET sxglggs.gr%i of about 80-120 n2/gm containing about 5% by

wei ght carbon, om the Cabot Corporation of Tuscola, Ill., under
the trade designati &8 G9ted sboves 25 antioxidandnpiayr yehywseshitid iimpart

col I oi dal mppephancea’ WiRH tihpetathird atBBLi1Swy aef tiLyfagdbout 175-225
mMerr]/gm nom_nal_ particle ,ize 0.012 ra%g& specific gravity 2.2,
avail abl e fronPERE anfigxidants dRGdude,dandexrbiddsChenical #8546 @ |

M 5. Mxtures gfinchesalfuireand phenplie donpoundlisedticiitRintsi Narferbidhk as
Degussa US202 n he ys her, & Llaid I fL%Ier% useful Ji.n the pracjice
of the inventi Eﬁgagrggﬁﬁg%atgd o % BRANE A §%§W9%3QJ Hﬂéﬁr
with or withouanduCiikec Gerigyt 306t or35150, which are amine-based
15 antioxidants. These additives are used in an amount of
about 0.1 to 2 and preferably at about 0.5 to 1 parts by
weight. '
Also useful is Ciba-Geigy Irganox 245, a sterically
hindered phenolic compound in the form of a white
20 crystallihe powder having the empirical formula C;H,0;.
This compound is also known as triethylene glycol bis [3-

. (3'-tert-butyl-4'-hydroxy-5'-methylphenyl)propionate] or
ethylene bis (oxyeﬁhylene) bis (3-tert-butyl-4-hydroxy-5-
methyl hydro cinnamate). other bis hindered phenol rings

25 connected by a polyether linkage should provide comparable
results, but the Irganox 245 is preferred due to its ready
commercial availability.

To determine whether or not a particular antioxidant
is suitable for use in the present invention, a Belcore

30 oxygen inhibition test ("OIT") 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. 1In order to provide a suitable

35 grease, the rest of the material must be ablé to have an
oxidative induction time of at least about 20 and
preferably 30 minutes at 190°C with a pure oxygen
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Partially soluble polyners such as polyaram ds and pol yam des can al so be
used, eit herw?lg%ﬁl«y)r in combination with one or nore of thePETABOAMT ers.
5 The follow ng optional ingredients can also be |ncluded in the

inventive conmpg §b FNoIsI-W r{tf dﬁmer% S 'd”‘iéiarizhf Vf?ﬁ,[ erat 53 s? abitf 1379 o

anti oxi dant may be use to i npart L0 enhanced
the grease. Prdfferthe] ShRaassi ﬁtri(ﬂnﬁjé’f\/eﬁhferﬂﬁqqe@lém‘@ﬂtk%@llpws

zinc, sulfur arthePltpierldes wwﬁxﬁram@aﬁiw Aindivterdi |ﬁ1n@1Q{E cal PLX959,

a blend of am ne and .ph conpouynds, and G ha 150, which
are ani ne- base®PPF KM %ﬂqga%io ni zfcfdf‘ﬁ%?e&rh%”l% rﬁ%’ﬁmunt of
about 0.1 toS2 Ea:mhqi:ea‘ erldbis;ratteam prefenretl SR srdiyleselfgirt ceittanin
useful is G baqRl dﬁ?ygﬁ 4ms.a sterically hindered phenolic conpound
in-the formof "a mhlte 2 crystalllne powder having the enpirical formula
CerrJ]Herr]Jerr]. This conmpound is also known as triethylene glycol bis
[3- (3'-tert-bEided Trinididorss' - met hyl phenyl ) propi onate] or ethylene bis

t hyl b lerd d t th
bi's” hi nder ed phenol Wi GEIAL Giced dungpitors yituie g etian © '
provi de conparaﬂhshumansmspd@mesﬂes elg@toned4h imtaddfene-edrueonticriies,
ready commer Ci do13mirhAtds br B emg"'%fvwa RhBAE s NYr Ty Sl

antioxidant is SU|tabIe for use i present i Aventi dn, a Belcore
oxygen i nhi bi t CORHlFRErE: @ng )arﬁaf’xl?@%dﬁ’ctaé’d amoNnt, @f] AR Be Adease | s
put in a cal or ipFRifirablyd HedaleenN @®outi 1N @GR 40 PaTy dyaRiightiondiHdsened

at 190ferr]C. Th%@%ﬁgfalare well known to one of ordinary skill in the

15 art, and they can be used alone or in various combinations.

Microspheres _
Microspheres can also be added to the inventive grease

formulations in an amount of up to about 10 and preferably

20 between about 1 and 5 parts by weight. Generally,
microspheres formed from any one of a wide variety of
materials such as, e.g., thermoplastic resins,
thermosetting resins, ceramics, glass and sintered metals,
are suitable. The microspheres range in diameter between

25 about 1-200 and pfeferably 50~130 microns. They are
dispersed relatively uniformly throﬁghout the grease by
mixing and reduce the weight and cost of the overall
composition. Several acceptable types of thermoplastic
microspheres for use with the present invention are

30 marketed, for example, by EXPANCEL and Pierce & Stevens.
Such microspheres may further include a coating thereon.
Pierce & Stevens markets microspheres under the trade name
DUALITE, which includes any one of a variety of coatings
thereupon, such as talc, calcium carbonate, zing oxide,

35 titanium dioxide, mica, calcium sulfate, barium sulfate,
antimony oxide, clay, silica, and aluminum trihydrate.
U.S. patent No. 3,615,972 to Morehouse, the disclosure of
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pure oxygen is punped into the calorineter and changes in the grease are
measur.ed. In order to provide a suitable 35 grease, the rest of the

mat eri al giog.ﬁ g} e to have an oxidative induction tine of pgiuse&sézonbout
20 and pr ef 0O mnutes at 190[err]C with a pure oxygen - 8- WO

97/ 03117 [ US96/ 10797 _envi ronnent .
The use of 0. 7¥9d6Y %ElQHF°5P°V§§$d0PeEE*n9§g Fﬁ BEENGEaa S SRR ons of -
t he present |nnunbeunoﬁltewhnhhaegrased o manafactoritg mieriospheires 4 e
of apprOXIHBteéyeSQ NWh§&h0is"RA8o' BulithB1eC¥br Hie InF¥ g%%§4#¢Ftrate
the preferred es for certaln grease conpositions. itors
The usef ul bIeéBVFﬁﬁFBPrors i ncl ude pol yur et hane 10 elastoners pol yest er

el astoners, $utadi ene-acrylonitriles, polyacrylates or copolyners of

acryl ates, or gubber. bl ock pol ymers and are present in an amount of up to
5 and preferab 1 and 4 parts by weight. These materials are
wel | known to one oSupetabaeybehts| can aleolbeaincludedt hay anaamotnts &f
alone or in vaghous sBRLN3bI aRa pheeoaRie BaclbeROaRREECS (S8R ¥ s

added to the inventive grease at1ons”in_an anmpunt
and preferablbeOWSéEREeﬁfaEBGt°9maﬁélﬁlﬁ&rtssﬂyeﬁépﬁﬁFbeeﬁﬁeﬁiﬁly,
m cr ospher ego f Rydedphidicangtepitads &hWbﬂecnﬁrabhﬁrBfaﬁﬂteétahﬁ Wateras,

.g., th I t t d
o B Lrer o) §ahaf, BERRRReL UELIBGE! ByBaGRERANR, 4RCLAR STl BBl .,
25 about 1-200abadrpedier 86eyU58. 1Batentr 4p867762¢ and thepmatediadlsati vel y
uni formy throgghaybsbietHELasH, b%hﬁbﬁ'HGcﬁﬁQnEeggcﬁnégﬁpﬂﬁéggh E@d cost - of

t he overall

reference herein. Properties such as enzyme stability,
15 biodegradability, absorbent capacity and rate of uptake are
used to characterize a superabsorbent material.

The two major superabsorbents which are available
today are cellulosic or starch-graft copolymers and
synthetic superabsorbents. There are two major broad

20 classes of synthetic superabsorbents. These are the
polyelectrolytes and the nonelectrolytes. The _
polyelectrolytes are the most important and fall into four
classes - polyacrylic acid superabsorbents, polymaleic
anhydride vinyl monomer superabsorbents and polyvinyl

25 alcohol superabsorbents. Of these, the polyacrylic acid
and polyacrylonitrile-~based superabsorbents are most
common. As with cellulosic-graft copolymer
superabsorbents, the capacity of synthetic superabsorbents
decreases with increasing salinity although more recent

30 products have been formulated to perform in the presence of
salts. The disclosure of such salt tolerant superabsorbent
materials can be found in U.S. Patent 5, 163 115, the
content of which is also expressly incorporated herein by
reference thereto.

35 The polyacrylic acid class of superabsorbents includes
both homopolymers and copolymers of acrylic acids and
acrylate esters. The monomer unité usually are polymerized
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" conposi'tion. Several acceptablé types of thernoplastic mcrospheres for use
with the present invention are 30 marketed, for exanple, by EXPANCEL and

Pi-erce & St ew;msﬂj,ch m crospheres nmay further include a coapCnasddrreon.
Pierce & StevenS ' markets m crospheres under the trade nanme DUALI TE, which
I ncl udes any one of a_variet f coatinpgs thereupon, ,such as_talc, cal cium
carbonat e, zi nct8xPHRIUSS Fi%&gﬁﬁﬁﬁﬂﬁﬂggﬁe?° ! UQFE%U&FS%PF&tEP“H&FFGm
sul fate, antinoinsolubide biajepnicl and/ozmndoshilientuprbsskidnkiag.U. 8rogatent

No. 3,615,972 te:M:ehoUuse h | 0 enaf A=9: : 7 1
PCT/ US96/ 10797 %ﬁgg%ﬁpsa?ngg% g?g?égkhggghﬁebﬁcggFE%é%géa 8?2§I§Ses a
nunber of technhydtivadent| Fakanns a¥RAARRAOR cPESWRERed SFoskelipkdnghi ch

i s al so suitadl ggbfit. UsEheNabBerbeAeyNbfi BHENprBAUCcEURS’ aBterReRkd by the
Super absor bents_ca I o.about 10 an

fed s? be angided in_an annu?& of up t
preferably bet wBBRPEhoBE 1°BAG2815PT VB WEFYR Xchﬁg°§Xﬁﬁ3§FtiGH§ the
Super absor bent scapss+Dihkdingpehsityat eri al s whi ch can absorb and retain

s patent 4 o7 somiengPUEstaiiRity Blnsley Bekeltd HEL Gy fhECC, OOF
i s i ncor por at ed2B§OFbeBFENncBUkepifR. the, SiBe Feguited k9 ahsonb andbthety,

1ﬁ biOdegradﬁbiétt&ngehsagbené gamagbrneaﬂd Geheral 1ypt eke aighégedhéomh, )
characterize a su erg of bent teria WO _aj or er absos bent I C
are avail abl e t85§§sa?§n%épgu9g§F&£gr EPérgﬁgg?ﬁ?F &8p§ﬁ§nﬁ? gﬁacgyiﬁhetic
super absor bent sfo¥fmede aTbet timentor reachdabBSorbestesapaciyyt Hetreases as

?ﬁgerabsofbe”tSthlh8§Ss§L§ihﬂ§n8°h¥ﬁéQE&r9h¥£8§sé§9 Lha eaoeLesbEpbytes-

capacity decreases. .
15
The compositions of the invention may also include
other additives such as biocides and fungicides in an
amount of from 0.01 to 3 parts by weight. A preferred
fuhgiéide is TK100 which is made by Calgon Corporation, and
20 which is generally used in an amount of between about 0.05
and 0.25 parts by weight.

Placing the Compositions in Optical Fiber Cables
By following the combination of ingredients disclosed

25 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

30 grease. Furthermore, the present invention provides
advantages over prior art formulations. 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. This is evident_by yield

35 stresses of as low as about 10 to 30 for the filling '
compositions of the invention, and from about S50 to 150 for
flooding compositions. Thus, the grease of the invention
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pdl yel ectrol ytes are the nost inportant and fall into four classes -

pol yacrylic acid superabsorbents, polymal eic anhydride vinyl nononer

super absor bggg §7/e8i¢y Pol yvi nyl 25 al cohol superabsorbents. O PCrAIS96/10%9%

pol yacrylic acid and polyacrylonitrile-based superabsorbents are nost
common. As w th.Gsl | ¢~araf 0 Apa: ahs Qﬁﬂi e ity of
synt hetic supe%a%"?‘oér 'E)Hélgs cfg'c?r ééé’szges%%s{w r??:&;?él ng&ga | nﬁ?‘sgl?ﬁ%ggﬁ nor e
recent 30 prodaderahending Qiffianldias il iaam GaRs atrenwakionfin
salts. The di s@ipus dpficcwabisdlt tol erant superabsorbent materials can be
f i .S. P 1 11 N f ich - I '

| ncor porat ed her el n BT dnibaRe e KR, Sxpste Lhig fip RS RELE dane
class of supsr assar fitlsirighcampesinigot H thdre dadporsrantarkd coploleverass ofow a
acryl i aclds LA Galiblel o TH e ¥ iisedtf Uil a Hot ve

PCT/ US96/ 10797 mayest-od Fd 55 igaachisyedhky daitpaducine ithe grease amitexrd

i nsol ubl e by i giigh HH GRGAHNR caties- | iTHd Rredd Fomgddid 16h Ofs t he

pol yner may be accq Idzahed with a nmultivalent cation,, radiajion; or wth a
Bross-| i nki ng 5 kadTed it LBESEBIRG SF SR HRRL HACHIA SFHh R 2o
number of i a0 hel @igtomtypesus laftashedey| dhds pump ideisE oW isheay
density. The Cra%s-zddvgﬁé}& %ef'ﬂ?g‘fe; ﬁgfétaﬁs%t DutPloORne (difuP R .5 DU

also the tinme required to absorb, e 10 strquth of the gel forped.
General |y, theaongivdit O%c RdRes ¥hiich iy taaced ang heaked e maintain dgde

whi ch i's for medempti trE® df0 thea gt ede0 RiRiFe iFARAC A AC GBHRRE B ¥ | Norhe
cross-1linking densit .|n%reas% ,.and tQ% abs?{bent capaci ty decreases.
grease is then directed rough a gear pump which is

15 operated under high shear conditions from about 5,000 to as

high as 20,000 revolutions per sec. The pipe exiting the
gear pump directs the grease into a die which is positioned
aboutfthe fiber optic cable in a manner such that the
grease is extruded into the cable around the fibers. The

20 grease is extrudéd into the cable at temperatures of about
500 to 600°F, preferably at about 550°F. Unlike prior art
greases, the formulations of the invention are somewhat
stable at that temperature. '

When using the compositions as a flooding compound,

25 similar procedures can be used, except that there is less
concern of causing the fibers to move, since they are held
within a sheath and the filling compound. As one of
ordinary skill in the art would realize, the flooding
compound would be used to surrdund the open area between

30 the sheath and the outer jacket of the cable.
Advantageously, the present compositions are useful as both
the flooding and filling compounds without concern as to
deterioration of any polypropylene components of the cable.

The compoéitions of the present invention are capable

35 of passing the appropriate tests for obtaining suitable
grease compositions for filling or flooding of fiber 6ptic
cable. These tests include a paper bleeding test utilizing
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15 The*conpositions of the invention may al so include other additives such
as biocides and fungicides in an anount of fromO0.01 to 3 parts by weight.
A.preferred ‘&br}g) ﬂ'lgle i s TK100 which is nade by Cal gon Cor porpgtrvgsds/ieng 20
which is gen Py used in an amount of '‘between about 0.05 and 0. 25 parts
by wei ght. Placing the Conpositions in tical Fiber Cables By follow ng
the conbi natior® &¥-% Ayjredinater smens 2 e, tHeigtesle 3 dercribed
present inventigy fElXd@acterized as being non-dripping with high
penetration and al(ﬁg 7 tress. The high penetration capabilities as a
grease all ows a .bett 1 ty, that is, lower viscosities my be used so
that the cable may be norRrepsgid \the |faldoMing matatiaksasd MHurdheimys e,

the present ignvenidpr fluatidtes W RS Padld Loy WULBHA QNS 1 The
Ylash

processing properties . as noted above are exceptional in that the matetTal

can thin out aSnfipmater)ysiddtk mihFxreedte isHER SRatwasy analytical

filling. This isaktictenttuaezdrs;d sth sdoess eamdifacddwrrtnun ot 30 =
for the fiIIiruhéggmmsitions of the invention, and from-about 50 to 150 for
fl oodi ng conpositions. Thus, the grease of the invention WO 97/ 03117
PCT/ US96/ 10797 fill sl4 he Is@sl dhepgrenss |gonpanridsingio dihe tsyusingeiwisth a

m cr obendi ng glidyfdiaisd | eI gk RS PRI IO Rl il LI ic cable.

When i ntroducing the grease into the fiber optic cable 5 as a i ng
conpound, it i PURRIAEant to achieve as low-a viscosity as possible so that
the fibers woul d not2 be routed 1THirs bys 1adin .evEid ter ipdperd Wjuit-d heareigiits e

under o oh shesfict o wi gl G @IS AR o 15 retalned Tha
3. Slowly apply 1 ml of the compound from the )

15 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 wvalue
as WT 2. -

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

20 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 hours. o

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

7. Replace the sample square uhder the beaker, and
place the entire assembly in the oven. Do not disturb for
24 hours.

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

" 9. Discard sample square and filter paper.

35 10. When handling'the sample square and the filter

paper circle, use only tweezers. Take care to keep
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10 the"piston type is attached. This punp causes | ow shear and novenent .of
the gr.ease out of the drumand into a conduit or pipe which is traced and
heated to majp) édg31ine tenperature of the grease therein at | pesaisséimId?
80[err]C. The grease is then directed through a gear punp which is 15

oper at ed under high shear conditions from ahqut 5,000 tq _as high.as 20,000
revol uti ons per ™ 5?“¥ﬁeaﬂﬁpégéxFPFﬁ@th€§£§%£H§§n9W$ﬂwﬁﬁﬁyt FFAREE i nto
a die which is pguatieoned about the fiber optic cable in a manner such that
the grease is extrud ' : I nd .t fiber,s. The 20 grease is
extruded into the ca ghg%gté%%e%%?ﬁﬁégE% aso3?l§8 t'o 600[err]F,
preferably at about SBHCPLATEONSh| i ke prior art greases, the formul ations

of the inventgon arengongshakesshzl asell tdilcalemaral wed ghthehahtid G idis
conpositions as 25.sim | ar,_procedures _can be used,

| oodi ng conpound
except that the}g F‘?“Fss? c5R€ r%egpefgfrﬁrﬁg tﬁ'«?p'f i"ﬁg?‘?% FrfoRsedite t hey
are held withi ndeteiraine wedghke chiangengftexptived addd tdonadf 2dr tiowarsy atki | |
in.the art woul dgbgal ize, the flooding conpound would be used to surround
t he open area between 30 the sheath and the outer jacket of the cable.
Advant ageousl y, the presefkPitdapo¥eigbis=al¥Tu2dsal (¥ Bdth the floodin
and filling gonpoundg.w t geightoneesn=agwtro 2get-er(ivar 2l e @iy 2By -
pol ypr opyl ene conpongnts thhe ¢a le. The co o;%tions of the present
i nvention are capabl 8°35 3f "SA9BEn °Fﬁe'a§ﬁﬁg§&i &5t &ts for obtai ning
sui tabl e grease conpositions fapofInitigloWefigbddi ng of fiber optic cable.

These tests include gopapﬁglgggeggﬁgfﬁg%ggg%iE%ﬁhng &W%$RPSO W@._é603117

PCT/ US96/ 10797 a 0.1 mllrmeter pe err] est
descri bed as foll ows: - (WT 3)
15 - 5. Volatile Weight

a. (Weight Loss)-(Filter Paper Weight
Gain) if >0 or '
b. 0, if (Weight Loss)-(Filter Paper.
Weight Gain) <0
20 6. % Volatile Weight = Volatile Weight
x 100/Initial Weight
7. % Nonvolatile Separation = % Weight Loss -
% Volatile Weight
MEASUREMENT ERROR
25 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
30 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. _
Values of less than about 15 are good and. less than
35 about 10 are exceptional. '
Another measure of performance is a cone bleed test.
This test is conducted as follows:
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PROCEDURE Prepare the following materials: 5 m syringe; 5 11 cm di aneter
type I.filter paper; Pyrex watchglass (12 cmdianmeter); 600 m Pyrex
beaker; |ab ﬁQﬁ%Mk - anal yti cal bal ance; tweezers; scissors;

draft oven set 1o gg[err]c. 1. Load the grease conpound into t éﬁggringe
with a 10 spatula. Slowy press the plunger to elimnate air bubbles. 2.

Cut alin by 1EQUIPMENT o paper square; weight (W 1) and record (to

0. 0001hgr?_rr*|«5)- 3. #low @owp#mﬂcmloécfégzmgemowadsﬁrﬁﬂtnhﬁiié A¥hA E?h
onto the filter paper sq | u : eave SO room around t he
edges to allow the dab tgﬁé%r%§ﬂ$f&%%$d%g§%igs"%éh%?%eszugﬁg"hﬁﬂ%srﬁﬁﬁrd
this value as WI 2. 4. S@uare ainah, cOn @02Peinchivires pperingsrofreo(yii20
3), and placgit on the | gom " . e center

of the filter paper, andW%%32? mﬁtﬁugg%%%aﬁ$ %ggﬁgfééggﬁif e?f?ﬁg'sanple
lie undisturbed at rdom tRSEERI T2 M 1BL3RBrs. 25 6. Vi gh the
sanpl e square (W 2A). andRédie- |Glags for tetha@aprater i€l et¢ \Muppdrt mesh

Repl ace the sanpl e squar ec%“%ie{nt ]p&aker, and place the entire assenbly
in the oven. Do not distur or 24 hoturs. 30 8. Renmove fromthe oven
and allow to cool fd¥-5 RPYRNes B/ a WD axighle ctenpérptute sonttel
square (WI 3y and the fi{tpscpaper circle (W 3B). Note any col or changes.

9. Di scard sanple square and filter paper. 35 10. Wen handling the
sanmpl e square and thE fi1%Ft Trircle, use only tweezers. Take care to
keep - 13 - 6. Balance - readability to 0.1 mg.

7. Spatula - metal, flat

15 PROCEDURE

1. Preheat oven to 80°cC.

2. Weigh clean beaker on an analytical balance.
Record the weight to the nearest mg. (Weight Wi).

3. Weigh the empty cone. Record the weight to the

20 nearest mg.' (Weight W2).

4. Using a spatula, place sample in cone so that the
top of the grease is smooth and convex (to
prevent-trapping of oil on the top of the sample)
and weigh. Record the weight to the nearest ng.

25 (Weight W3). '

5. Suspend cone on the glass rod within the beaker.
Do not allow cone to touch the sides.

6. Weigh the entire assembly to the nearest mg.
(Weight W4). '

30 7. Place beaker and cone in oven .set at 80°C.

8. At 30 hours, remove the cone-bleeding apparatus
from the oven and place in a desiccator to cool
to room temperature (about 1 hr.).

9. When cool, weigh the entire assembly (weight Ws).

35 10. Gently tap cone against the inside of the beaker
to remove any oil adhering to the top.
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WO 97/ 03117 PCT/ US96/ 10797 noi sture
and all foreign particles away fromthe sanple square. Results are

cal cul ated 3agofe9lsfays: CALCULATIONS 5 "A' val ues are useRCT/USHHOT] at e
wei ght change after 16 hours at roomtenperature. "B" values are used to

determ ne wei ght cha ditignal ;24 h at_80lerr]C, 1.
Initial Weight = g) a&%ﬁéhl?ﬁﬁgg ﬂerz' Reﬁﬁféhﬁﬁfo¥§§g£?v%L2f%? (WI 2A
or W 2B) 3. % V\él ght Loearestenght (Heighk WeDLInitial Weight 4. Filter

Paper Véight Gain = {3V 3fapbu¥dteBon e(M!ééa ARd evapératlgﬂlat'le Veei ght
a. (Wei ght Loss)-(Filter Paper Weight Gain) if >0 0, if (Vveight

Loss)-(Filter Paper Weight Gain) [err]0 20 6. @6Vb|atlle Wei ght =
Vol atil e Wi ghtexr.dO0ATIONSE Al VWi ght 7. % Nonvol atil e Separatlon = % Wi ght

of “the sanpl o, Some LrPiChY %“%%%RESF éé psed; Uee, Bk RETAGR ARG

vol atil e wei ght Iosseqmatb@nitenperature wei ghts shoul d be recorded to
t he nearest 0.0001 gram All calcul ated results shoul d be reported to the

nearest whol e nunber. Ay 38néBrded N3 s8pRIreEisAPUL A WE-Wast &t oo
si mul t aneously per conpound to be eval uated. The resul {W3gWgér cent age

val ues 10
where:

W6 = weight of the beaker after the appropriate oven time
W1l = original weight of the beaker
W3 = original weight of the cone and sample
15 W2 = weight of the cone
S 2. To calculate percent evaporation use the following
equation:

% Evaporation = (Wg-W5)

—_———— % 10
20 (W3-W2) 0

Where:
W4 = original weight of the cone, sample, rod and beaker
W5 = weight of the cone, sample, rod and beaker after the
appropriate time in the oven
25 w3 = original weight of the cone and sample
W2 = weight of the cone
Values of less than about 3 are considered as
representative of good grease formulations.
30 EXAMPLES _

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

35 construed as limiting the scope of the invention in any
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cah thenh be averaged to determ ne the % Wi ght Loss and % Nonvol atile
Separdtion. Values of |ess than about 15 are good andl ess than 35 about 10
are excepti oa,q* c}égﬁther nmeasure of performance is a cone bl eperiSsgrrorohi S
test is conduc as follows: - 14 - WO 97/ 03117

PCT/ US96/ 10797 EQUI PVENT_1 Cone - Nickel _screen - 60 nmesh with wire
handl e. The wi rBaRBER-coRB thess ExpuPiegodlhoPeXtEePi¥anafEei R¥hWedgbs7s
inch wire, openungessfothlt#ibe specified.i nch. Manufactured by Newark
Wre Coth. 2. Beaker - 250 ml gl ass. 3. Rod - G ass or other materia

to support nmesh cone in beaker. 4. Oven - air, with variable tenperature
control 10 Exampleg11s293C) 5. Desi ccator. 6. Bal ance - readability

to 0.1 ng. 7.5 Spat vha foﬁﬁﬁﬁt:.&ﬁét dééchDiBET&ble fr\ﬁ‘gfét 89§§?ﬁ58 by

80[err]C 2. ean, a tical ance
wei.ght to the n%a%ggg #B %Qﬁf %{qui g%geEL%E ﬂd?ﬁe EBﬁe?s Recor d
the weight to t@es@Pibed above. rPerfetmance t&btghg &ﬁ)thése £6Bmilations

spatul a, pl ace n t,the t noot h_and
cgnvex (tg prev%nt t%afauﬁ& E?S@a$f%n théA%eROR%h ﬁfo@é?@f gﬁgemﬂP f.
Record the wei gheagare efﬂﬁaF%%tcﬂ@POQStlons Yot Exawv@¢ghl'¥%)these were

10 visually observed to produce good grease formulations.
Testing of all properties of each grease was not completed,
since modification of a previous formulation was made
merely to study the change of a particular property, such
as yield stress, paper bleed, etc., due to the

15 modification.

20

25

30

35

- 17 -



5 Suspend cone on the glass rod within the beaker. Do not allow cone to
touch the sides. 6. Wei gh the entire assenbly to the near 18§§k10(7§9éi ght
W) . 30 WO9/03117p| ace beaker and cone in oven set at 80[e§ﬁ . é At 30
hours, renove the cone-bl eedi ng apparatus fromthe oven and place in a _
desiccator to cool to roomtenperature (about 1 hr.). 9. When cool, weigh
the entire assenbly (\pekgh cone agai nst the

i nside of the beaker op. :

PCT/ US96/ 10797 WD 97/° the weight to the

nearest ng. (Weight W) . vaporation. 5
CALCULATI ONS: 1. To |«

ap2"1 70,251 TaR33
E -
H
(@

al g p¢rcgnt cone eeqius e foll ow ng
equati on: % Cone bl ee{ il seqdar 4t9 bn)] & (-‘;/JB (WB - W2) 10 where:
W6 = wei ght of the begkef ¥er] the hpdropra bd oyen| ti WL = original
wei ght of the beaker V\ gijnall wer ght | Q4 e ¢on d sanple 15 W =
wei ght of the cone 2. ail"qm t} pdre¢rit apér af i use the follow ng
equation: % Evaporati ¢ ? vwe) <1 1do 28 :
(WB-W2) Where: ‘ “
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e o
wn
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Wit = original weight of
cone,‘sanple
ori gi nal se

oo

| ess than ab

t he cone, sanple,

cone and sanple W2

rod and beaker Wb
rod and beaker after the appropriate tine in the oven 25 W8

wei ght of the conpchasssm79y
are considered as representative of good grease

wei ght of the

formul ati ons. : EXAMPLES The scope of the
i nvention is further sgLLngd__n connection with the follow ng exanpl es
whi ch are set forth ofl bl ugtgafinfy the preferred
enbodi nents of the i ng tp be|35{construed as
limting the scope o -“16 97/ 03117
PCT/ US96/ 10797 manneff. lwipar{ s« gf velp are by wei ght
unl ess ot herw se spegi 5% The fhrnul ations
described in Table 1 g°the i“hgfedf ent s t oget her under
hi gh shear as descri te$ti-hg—oh-tdhese formul ations
can be found in Tabl SR E NO e asured for the
conpositions of Exa 3L5§P||y erved to produce
good grease fornul at opgrtfes ach grease was not
conpl eted, since nod horail at was made nerely to
study the change of §EEH:%S y stress, paper
bl eed, etc., due to 2%
ﬁ n n nl| u
P~ ol 9 R o9t =
= | < | © o| o
ord tn m
o
-] -t o | wn
9 ol S S ° o B
S a"'“m o @ ol ol w -
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35 - 17 - WD 97/ 03117

PCT/ US96/ 10797 [err] WO 97/ 03117

PCT/ US96/ 10%9 6l WO 97/ 03117 PCT/US96/10797
PCT/ US96/ 10 err WD 97/ 03117

PCT/ US96/ 10797 NOTES FOR TABLE 1: Castor Ol is AA Standard by CasChem
Inc. VORITE 105 is a castor oil adduct having a hydroxyl value of 130 and a
viscosity of 26 stokes at 25[err]C. 5 VORITE 110 is a castor oil adduct
havi ng a hydroxyl value of 102 and a viscosity of 115 stokes at 25[err]C.
VORI TE 115 is a castor oil adduct having a hydroxyl value of 93 and a
viscosity of 192 stokes at 25[err]C. VORITE 125 is a castor oil adduct
havi ng a hydroxyl value 10 of 72 and a viscosity of 900 stokes at
250C. US 202 is a colloidal silica fromDegussa. TS 720 is a coll oi dal

silica from Cabo =BL¥=M=QF|=F i oxi dant of a bl end of
am ne and phenol ffc '@1Vargjegbi Chim cal s.
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13 TK 100 is a fungicide from Cal gon Corporation. L 150-is an am ne based
antioxjdant from G ba Geigy. V 854 is an antioxidant of zinc, sulfur and
phenolic coqaagﬂ&ﬁl;ron1vanderbiIt Chem cals. V 974 is an anpCTaisYeng7opf

met al and phenol1 ¢ compounds 20 from Vanderbilt Chem cals. DUALITE
6032AE are gl ass _m crospheres from Pierce and Stevens. SAB 800HS is a
superabsorbantQ&ﬂgﬁﬁggékgﬂﬂéLéekhausen Inc. 25 30 35 - 21 - WO

97/ 03117 Ccastor 0il is AA standard by CasChem,PGHJJS96/ 10797 Table 2 -
Resul ts Proper Vi p%?’ 0 r Sity
bl eed bl eed thsyﬁéontro éé%¥§f di3 qfi %%Xlﬂg éohﬁdfg*¥i %€@§

19. 7 2.4 4 of 13g9apd a visgposity pf3 2F) stokes @t 25°C. 23 2

9.4 1. 38 yopi@E' 1ATe) st JNCSACA Ha¥ihg & hydrihyh 8
0.3 7 . vield Suress =.i7° pat vazhe,

Pa )
Vaor ne T Cvi ot 1% aed 2 pischelsy of 11t Seskes ot 25p. 1)
VORITE 115 is a castor oil adduct having a hydroxyl value

"of 93 and a viscosity of 192 stokes at 25°cC.
VORITE 125 is a castor oil adduct having a hydroxyl value
10 of 72 and a viscosity of 900 stokes at 25°cC.
us 202 is a colloidal silica from Degussa.
TS 720 is a colloidal silica from Cabot Corporation.
PLX 949 is an antioxidant of a blend of amine and phenolic
compounds from Vanderbilt Chemicals.
15 TK 100 is a fungicide from Calgon Corporation.
L 150 is an amine based antioxidant from Ciba_Geigy.
V 854 is an antioxidant of zinc, sulfur and phenolic
compounds from Vanderbilt Chemicals.
V 974 is an antioxidant of metal and phenolic compounds
20 from Vanderbilt Chemicals.
DUALITE 6032AE are glass microspheres from Pierce and
Stevens.
SAB 800HS is a superabsorbant polymer from Stockhausen,
Inc. ' '
25

30

35
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10 °  28.6  10.3 1.4 OT =67 min VYield Stress = 20

28 Pa 11 19. 1 10. 2 1.74 12 49. 1 0.72 13

15.5 17. &2 14 14. 4 17.1 1.8 25 PCTAIS96/10797
97/031 .

Yi el d Stresgv0 é Pa 16 Yield Stress = 36

Pa 17 Yield Stress = 51 Pa 30 18

0.47 Yield Stress = 71 Pa 19 Table 2 - Results 0.43 Yield Stress

= 52 Pa 20 _ Q62 aT E 05 _nin 35

PCT/ US96/ 10797§ Properti es anpl e vrSToTapeY come (s)
sity bleed | eBganpple visco | paper | 1cehe Yiel cbﬂle:ess) = 34 Pa 22
16. 4 1.87 g |rield Stress = slity Pp bbeed bleed 11.1 0.9 10 24
0.5 Yield St (cps) ' -
Control A 9.4 27.9 | 4.7s
“ Control B 15.7 19.7 2.4 ‘“
" 4 19.6 12.2 1.8 .
10 5 23.2 9.4 1.35 OIT = 55 min
Yield Stress =
25 Pa
" ~ 24.1 11.8 0.3
7 24.2 10.5 0.84 Yield Stress =
' 17 Pa
1S - .
| 8 22.9 13.7 1.8 Yield Stress =
43 Pa
9 25.9 15.6 1.2
10 28.6 10.3 1.4 OIT = 67 -min
Yield stress =
20 5 28 Pa
11 119.1 10.2- | 1.74 : "
12 49.1 0.72 ||
13 || 15.5 17.5 2.2 H
14 14.4 17.1 1.8
25 15 Yield Stress =
39 Pa
16 Yield Stress = ||
8 36 Pa "
17 Yield Stress =
51 Pa
30
18 0.47 Yield Stress =
_ 71 Pa .
19 0.43 Yield Stress =
o _ 52 Pa
20 0.63 OIT = 55.min
35 Yield Stress =
52 Pa
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43 Pa 25 ' 0.7 VYield Stress = 28 Pa 26

0.8 “Yield Stress= 25 Pa 15 27 _ 2.5 ‘Yield
Stress =1 a,o o731 1.3 29 PCT/US96/10797 1.1
Yield Stress 27 Pa 20 Regarding t he Exanpl es, Exanples 5 and 10 have
extrenely good_QO al ue phile Fxanples 7 and 27 have e c -Iy | ow

yield stress Jal ues.
advant ageous flbr
23, 24, 25, a
10, 11, 21 and

ExanﬁTe 12 has a ver

;&ieﬁé osity, mhlch I 9

J pohger |es,owﬁai@sfka.; es 4- 8,
ed mlmmér In this redard,

Exanpl e 23 pro i that
it is possibégfto talLlor € VI 0 0 Yal ues
for a particulfar fo?ﬁulat|nn depenjlﬁa &p-n 9hé3den¥¥ﬁ946§ﬁH9§§mmt . For
exanpl e, for a RQ "“' RC LA QopRs| "HS woul-d
be preferred. ot i Vf about{ 12¢t 9 o, QQQ7ar waeHdpesy!id #bl e 35
for filling co , mhlle hi ghel viscogity conp55|t|om§ pan be [sed as
fl oodi ng conpo - QL Ner “fequitenpnis bajed upon p parcrcarar ca-}e
configuration 23 .1 1lod g7/ P97
PCT/ US96/ 104§ reqwgae di £ lerent pfopertids, o¥¥ch|osinike sigldud e based
upon the conbilhati ons of clpnponentp ill ustjrated abpve. 42 pa
25 0.7 Yield Stress =
28 Pa
26 ) 0.8 Yield Stress =
25 Pa
15 .
27 2.5 Yield Stress =
15 Pa
28 3
29 1.1 | Yield Stress =
27 Pa
20

Regarding the Examples, Examples 5 and 10 have extremely
good OIT values, while Examples 7, 22 and 27 have extremely
low yield stress values. Example 12 has a very high'
viscosity, which is advantageous for certain épplications.
25 Examples 6, 7, 12, 18, 19, 20, 23, 24, 25, and 28 have the
best cone bleed properties, while Examples 4-8, 10, 11, 21
and 23 have the best paper bleed properties. In this
regard, Example 23 provides the best bleeding resistance.
These results show that it is possible to tailor
30 the viscosity, bleed and Yield Stress values for a
particular formulation depending upon the desired
requirements. For example, for a filling compound, the
lower yield stress compositions would be preferred.
Viscosities of about 12 to 30,000 are eminently suitable
35 for filling compounds, while higher viscosity compositions
can be used as flooding compounds. Other requirements
based upon a particular cable configuration or design may

- 23 =



Exanpl'e 30: 5 A test for absorption of filing conpounds by :
pol ypr opyl ene was conducted using various cable greases, and the results
are shown iﬁ,oT £173 bel ow. Sanpl es of pol ypropyl ene and t hepgt/ggsaionsr
pl'aced in contact and nmaintained at a tenperature of 80C for the tinme
periods 10 noted and the percentage grease absoqrbed by the pol ypropyl ene
was det er ni nedrequpre differept BEOPERLA€F:i WRigh can be sgdeggted pased

absorbed afteruppfActhe combinations of cohpvAekts2ineaktratedeabovd.nera

QG | - Pol ybut ene 12.72 13. 49 14. 06 Pol yal pha ol efin- ,
7.58 8. 64 9.19 Pol ybutene 20 (Manufacturer A) Pol yal pha ol efin-
4.12 5. 48Examplé 30:Pol ybut ene (Manufacturer B) Exanple 23 of :

Invention g 0.14 test 9°25?3ﬁ?§9t§9“25fg?glaﬁ%ﬁ?gg gﬁnhgapgthe greases

of the present invention are h conpat | ypropyl ene conpared
to conventi onaPPL¥PRAPYLERRsWagoconduchpd| using; vagigusc-fablpagrenses,
i nvention hereanddthel paedits aeel showaulint tdble Bubklbiv.t hsapphest eabove

stated, it wl| jated. that - rQu dificati ons_and _enbodi_nments

mmy be' devi secPBIYPRGBEIERS £’ PRE, AESERR WefR prarlh) RHCRRBRaERaanehe

appended clainmain?einaﬂlatuehtempﬁndtﬁreaofo&Q°§nﬂ°€n§hdinénESperibab

ol lh;vg the {§ URoBRAT hha2BHeSpaPEefttablCgPERSENALEBYBBA! BY the?4 -  THE
polypropylene was determined.

Table 3

—

Grease Composition or Amount (%) absorbed after ]

Type f

15

1 week | 2 weeks 3 weeksgl

Lgineral 0il-Polybutene 12.72 13.49 14.06]

Polyalpha olefin- L 7.58 8.64 9.19
Polybutene t '
(Manufacturer A)

Polyalpha olefin- ' 4.12 5.48 6.14 |
Polybutene
(Manufacturer B)

Example 23 of Invention 0.14 0.25 0.30

25

The data shows that the greases of the present
invention are highly compatible.with polypropylene compared
to conventional formulations.

While it is apparent that the invention herein
disclosed is well calculated to fulfill the objects above
stated, it will be appreéiated that numerous modifications
and embodiments may be devised by those skilled in the art,

30

and it is intended that the appended claims cover all such
modifications and embodiments as fall within the true.
spirit and scope of the present invention.

35
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what |S clainmed is: -5 A—cable iilllnq naterlal of a grease
conposi tion conprlsln bout 25 to Eﬁﬂ?Pt of a polyol
conponent o?v @,z‘; “ML IHL“ I mumte polg Ut 1Bctmsdsonsy t s
by wei ght o pn+y¥m#-45§___1_g__ynerlzed cast or
oil, (B) the reactlon product of a pol yi SOCﬁanate conpound and castor oil,

or (O the reaction product of a polyi onpound and a ricinol eate
polyol; and (c) about 4 to 12 parts by weight of inorganic colloidal 15

partlcles whi e: pr o;Lppart a gel structure to the conposition
vwhen m xed thgﬁgaftﬁg gfggﬁe& lé osition of claim1 wherein the coll oi dal

particles are hydrobhobi® ¢%h¥% 1ling paterial sofdasyrease compbajtion
m xtures thes e@émpBising NbSETHSi € ONs aﬁi@lﬂ%lwmelaftm &94 ! oi dal

particles are present +n an apount of about f n% ¥ g 25 4.
The conposi t i ofCBPORFAF FIMBFLF NG, TR0 WondphthinPleate eatyehi an
anount of abouabddt t b3 780 pal tamls viey gine ight ¢ﬁeaH@ﬂdnaxyitenmﬂnaEddp0|ynEr'

; o 0 _
conposi i1 on orBor Bk be Dlaf bl d fedludidbor o4 6L O e reactity,
conposi tion ofp%?6¥ﬂ$1°§h%rER*Y%#RPYﬂ%ﬁ%&y°°¥EP¥@¢n?%%l%@?p@fyﬁ%$tbs ohd
reaction progiust &fricPed)eSOs IFSEFEL £ Cdid Lot 04 COS D2 19AFt 4y naeﬁvi

a,

hydr oxyl val ue, pf 2 ) Legs] J0r@0h s WRERS' d¥e Urdled €Y Rpate s

25[err] C.
structure to the composition when mixed therewith.

I‘Y'I

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

3. The composition of claim 1 wherein the cdlloidal
particles are present in an amount of about 5-10 parts by
20 weight.

4, The composition of claim 1 wherein the oil is
present in an amount of about 40 to 70 parts by weight and
the hydroxy-terminated polymer is present in an amount of

25 about 20 to 50 parts by weight.

5. The composition of claim 1 wherein the oil is
castor oil.

30 6. The composition of claim 1 wherein the hydroxyl-
terminated polymer is the reaction product of a .
polyisocyanate compound and castor oil having a hydroxyl
value of at least 70 and a viscosity of at least 26 stokes
at 25° c.

35

7. . The composition of claim 6 wherein the oil is
castor oil and is present in an amount of about 50 to 60

- 25 -
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7. The conposition of claim6 wherein hre—petyot T nt i s castor .oi
and i's present in an mtl"nim,m JH%ﬁéﬁ gxgﬁ%fght, the
hydroxy-terydlg,t,@ l7po acti on pREFWGEDof a | OPETARIN R €
conmpound and castor ‘oi | ahd s "or &set i rman anount of about 30 to 40 parts
by wei ght:, and the colloidal partic are |I|ca cl.a m xt.ures thereof
a%d arg presehPaFﬁsahYaﬂﬁﬁﬁPtgftﬂﬁoh¥a§°F8' epnipateg Fﬁﬁﬁr i§ &he .The
conposi ti on ofreaetivid prosihet obfnprpelpdsacphnatei sbmpbhind andacastount of
about 1 up to ? uén r# eQ¥nﬂeiﬂh$n éﬁoun of" aggﬁ COPPRg! Lhon gl m
8 wherein the % I'S present Fh F oppgetmee %ﬁgu

and 4 parts byweighhi %ﬁ@ tbeacgb 9H¢é@haﬂ§téP&§§oﬁ§¢ silpspyeciey or

el ast oner, wtﬁﬂxeﬂﬁegctuéﬁebfrahs apel Eﬁé{s&hﬁt €n anCQﬁQhMﬁEBfOEbéﬁt 6 to
acrylate, a ch orln d rubﬂgvt or a rubber block 20 copolyner. 10. The
conposition of c?%f ¥GV? P tonprising an antioxidant in an amount of
bet ween about 0.1 and 2 parts by weight. 25 11. The conposition of claim1l
whi ch further conprgges @h&"aééﬁopééfﬁibﬁgofgﬁ%m“laPu@GRHPt ?B@ngrgn%glaup

to about 10 parts by, wej e conposition o
wherein the maP%?e%IHEk+ﬁ§t%§e§¥ aR amQupkr a6sBPHEAt 2Beny nBr partsi Bypr esent
in an anmounfo ofeddtly 1 to 5 parts by weight. 13. The conposition of claim
1 which further conprises 35 hollow microspheres in an anmount of about 1 up
to about 10 parts by weight. -26-

9. The composition of claim 8 wherein the bleed

inhibitor is present in the amount of between about 1 and 4

parts by weight and comprises a polyurethane elastomer,

15 polyester elastomer, butadiene acrylonitrile, polyacrylate,
a copolymer of an acrylate, a chlorinated rubber, or a
thermoplastic block copolymer. |

10. The composition of claim 1 further comprising an .
20 antioxidant in an amount of between about 0.1 and 2 parts
by weight.

11. The composition of claim 1 which further
comprises a water blocking agent in an amount of up to
25 about 10 parts by weight. '

12. The composition of claim 11 wherein the water
blocking agent is a superabsorbent polymer and is present
in an amount of about 1 to 5 parts by weight.

30

13. The composition of claim 1 which further
comprises hollow microspheres in an amount of up to about
10 parts by weight.

35 . 14. The composition of claim 13 wherein the
microspheres are made of glass, ceramic, plastic or

-—_— - 26 -
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14, Tbé conposi tion: of claim 13 wherein {thETH ire made of gl ass,
ceram-c, plastic or: m “" [Im ng ﬁ'ﬁ% Eﬁ %e?ﬁ&!i] anount of about
1to 5 partwcbwoaﬂmm Hllﬂﬂl ﬂ “ral cabl BE | si ngl onecousseriodsr
optical fibers, and' a sheath st#rrduntling the fiber and filled with the

conposition of ¢claim1. 10 15 20 25 30 35 -27-
mixtures thereof and are present in an amount of about 1 to

5 parts by weight.

15. A coaxial cable comprising a plurality of optical
§ fibers, and a sheath surrounding the fiber and filled with
the composition of claim 1.

10
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