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(57) ABSTRACT 

Epoxy-functional polysiloxanes containing epoxy groups 
and hydrocarbyl groups free of aliphatic unsaturation, a sili 
cone composition containing a polysiloxane selected from 
the aforementioned epoxy-functional polysiloxanes, a cured 
polysiloxane prepared by exposing the silicone composition 
to ultraviolet radiation, a coated optical ?ber containing a 
cured polysiloxane, and a method of preparing a coated opti 
cal ?ber. 
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EPOXY-FUNCTIONAL POLYSILOXANES, 
SILICONE COMPOSITION, AND COATED 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/ 670,364 ?led 12 Apr. 2005 
under 35 U.S.C. §1 19 (e). US. Provisional PatentApplication 
No. 60/ 670,364 is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to epoxy-functional 
polysiloxanes and more particularly to epoxy-functional pol 
ysiloxanes containing epoxy groups and hydrocarbyl groups 
free of aliphatic unsaturation. The present invention also 
relates to a silicone composition containing a polysiloxane 
selected from the aforementioned epoxy-functional polysi 
loxanes, a cured polysiloxane prepared by exposing the sili 
cone composition to ultraviolet radiation, a coated optical 
?ber containing a cured polysiloxane, and a method of pre 
paring a coated optical ?ber. 

BACKGROUND OF THE INVENTION 

[0003] Coated optical ?bers typically have at least three 
components: a core, a cladding surrounding the core, and a 
protective coating on the cladding. Both the core and the 
cladding are typically made of silica glass, but the core typi 
cally has germanium doping to increase its refractive index 
and, thus, minimiZe loss of light from the core. 
[0004] Coated optical ?bers can also contain at least one 
Bragg grating, a segment of the ?ber core having a periodic 
modulation in refractive index. Optical ?bers containing 
Bragg gratings (?ber Bragg gratings) have proven useful in a 
Wide variety of applications, including telecommunications, 
sensors, and sensor arrays. For example, ?ber Bragg gratings 
are Widely used in telecommunication components and 
devices, such as Wavelength stabiliZers for pump lasers, nar 
roWband add/ drop ?lters for Wavelength division multiplex 
ing, and gain-?attening ?lters. Fiber Bragg gratings are also 
Widely used in ?ber optic sensors, particularly sensors for 
strain, pressure, and temperature measurements. 
[0005] Fiber Bragg gratings are typically fabricated by 
exposing an optical ?ber core to an ultraviolet laser beam to 
produce periodic changes in the refractive index of the core in 
the exposed region. HoWever, because most protective coat 
ings are not transparent to ultraviolet light at the Wavelengths 
(e. g., 193 nm and 240 nm) commonly used to Write gratings, 
the coating must be removed before exposing the core to 
ultraviolet light. The optical ?ber must then be recoated to 
prevent damage to the ?ber and to preserve its mechanical 
strength. These stripping and coating operations are problem 
atic, time-consuming, and expensive. For example, once 
stripped of the protective coating the ?ber is susceptible to 
irreversible environmental degradation caused by humidity 
and debris. Also, the material used to recoat the ?ber must 
have good adhesion to the silica surface of the cladding. 
[0006] Various approaches to solving the problems associ 
ated With stripping and recoating optical ?bers have been 
reported. For example, Patent Application Publication No. 
2003/0152352 A1 to Starodubov discloses a refractive index 
grating fabricated in an optical ?ber having a multilayer coat 
ing and a method for making refractive index patterns such as 
gratings in optical ?bers such that the mechanical properties 
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of the original ?ber are preserved. The patterns are Written 
into the optical ?ber by partially stripping aWay the outer 
coating of the ?ber, exposing the core of the ?ber through the 
remainder of the coating With an actinic radiation to form the 
pattern in the photosensitive core of the ?ber, folloWed by 
recoating the ?ber in the stripped area to provide protection of 
the neWly formed pattern from corruption and to preserve the 
mechanical properties of the ?ber. 
[0007] US. Patent Application Publication No. US 2004/ 
0228594 Al to Andre et al. discloses an optical ?ber having at 
least one Bragg grating, the ?ber comprising a core sur 
rounded successively by cladding and by a coating, said rat 
ing being obtained by being Written directly in the core and/ or 
the cladding of the ?ber through the coating Which is made of 
a material that is substantially transparent to ultraviolet type 
radiation used for Writing said grating, Wherein the material 
of said coating contains a ?rst polymer netWork interpen 
etrated by a second polymer. 
[0008] US. Pat. No. 6,240,224 B1 to Reekie et al. discloses 
a coated optical ?ber comprising a coating, an optical ?ber, at 
least one Waveguiding region and an index grating. The 
Waveguiding region contains at lest one photosensitive 
region, the index grating is formed by Writing through the 
coating using UV light, and the coating transmits UV light at 
the Wavelength at Which the index grating is Written. The ’224 
patent also teaches the coating should not contain a photoini 
tiator, since photo-initiators are often UV sensitive. 

[0009] Chao et al. (Electronics Letters, 27 May 1999, Vol. 
35 (l 1), 924-926) disclose ?ber Bragg gratings fabricated by 
Writing through the ?ber coating using both 244 nm fre 
quency-doubled Ar+-ion and 248 nm KrF excimer lasers. 

[0010] Although, the aforementioned references disclose 
various methods of fabricating ?ber Bragg gratings, there is a 
continued need for a fast, loW cost method of fabricating 
gratings that is suitable for large scale manufacture. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to an epoxy-func 
tional polysiloxane having the formula: 

wherein R1 is C1 to C3 alkyl or phenyl; R4 is 4CH2i 
CHR2R3, Wherein R2 is C2 to C10 hydrocarbyl free of ali 
phatic unsaturation and R3 is R1 or H; R6 is 4CH2i 
CHR3R5, Wherein R5 is an epoxy group; R7 is R1, R4, or R6; 
m is from 0.1 to 0.9; n is from 0.1 to 0.5; p is from 0.1 to 0.6; 
and m+n+p:1. 
[0012] The present invention is also directed to an epoxy 
functional polysiloxane having the formula: 

(R7Rl2SiO1/2)v(Rl2SiO2/2)W(R4SiO3/2)X(R6SiO3/2)y 
($iO4/2)Z (11) 

wherein R1 is C1 to C3 alkyl or phenyl; R4 is 4CH2i 
CHR2R3, Wherein R2 is C2 to C10 hydrocarbyl free of ali 
phatic unsaturation and R3 is R1 or H; R6 is 4CH2i 
CHR3R5, Wherein R5 is an epoxy group; R7 is R1, R4, or R6; 
v is from 0 to 0.5; W is from 0.1 to 0.9; x is from 0.1 to 0.7; y 
is from 0.1 to 0.5; Z is from 0 to 0.5; and V+W+X+y+Z:l. 

[0013] The present invention is also directed to a silicone 
composition, comprising a polysiloxane selected from the 
aforementioned epoxy-functional polysiloxanes, and a cat 
ionic photoinitiator. 
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[0014] The present invention is also directed to a cured 
polysiloxane prepared by exposing the aforementioned sili 
cone composition to ultraviolet radiation. 
[0015] The present invention is further directed to a coated 
optical ?ber, comprising: 
[0016] an optical ?ber comprising a glass ?ber core and a 
cladding surrounding the core, Wherein the cladding has a 
refractive index less than the refractive index of the core; and 
[0017] a silicone coating surrounding the optical ?ber, 
Wherein the coating comprises a cured polysiloxane prepared 
by applying the silicone composition of the present invention 
on the optical ?ber to form a ?lm and exposing the ?lm to 
ultraviolet radiation. 
[0018] The present invention is still further directed to a 
method of preparing a coated optical ?ber comprising apply 
ing the silicone composition of the instant invention on an 
optical ?ber to form a ?lm, Wherein the optical ?ber com 
prises a glass ?ber core and a cladding surrounding the core 
and the cladding has a refractive index less than the refractive 
index of the core; and exposing the ?lm to ultraviolet radia 
tion to form a silicone coating. 
[0019] The epoxy-functional polysiloxanes of the present 
invention have very loW absorbance in the ultraviolet region 
of the electromagnetic spectrum and good shelf-stability. 
Moreover, the polysiloxanes contain highly reactive epoxy 
groups and can be cured rapidly to produce durable cross 
linked polysiloxanes. 
[0020] The silicone composition of the present invention 
can be conveniently formulated as a one-part composition 
having good shelf-stability in the absence of ultraviolet light. 
Moreover, the composition can be applied to a substrate by 
conventional high-speed methods such as spin coating, in 
line optical ?ber coating, printing, and spraying. Further 
more, the silicone composition cures rapidly upon exposure 
to ultraviolet light. 
[0021] The cured polysiloxane prepared by exposing the 
silicone composition to ultraviolet radiation exhibits high 
transparency, typically at least 70% transmittance, alterna 
tively at least 80% transmittance, alternatively at least 85%, at 
a Wavelength of 248 nm for a free-standing ?lm (i.e., Without 
a substrate) having a thickness of 60 um. Moreover, the cured 
polysiloxane has good primerless adhesion to a variety of 
substrates. The cured polysiloxane also exhibits excellent 
durability, chemical resistance, and ?exibility at loW tempera 
tures. 

[0022] The coated optical ?ber of the present invention 
exhibits good resistance to abrasion, organic solvents, Water 
vapor, and oxygen. Moreover, the coated optical ?ber has 
good thermal stability and mechanical strength. 
[0023] The method of preparing the coated optical ?ber of 
the present invention is scaleable to a high throughput manu 
facturing process. Also, the method employs conventional 
optical ?ber fabrication techniques (e. g., coating and curing) 
and equipment. Importantly, the method can further comprise 
Writing at least one Bragg grating on the core of the ?ber 
directly through the silicone coating, thereby eliminating 
conventional stripping and recoating operations and the prob 
lems associated thereWith. 
[0024] The coated optical ?ber of the present invention is 
useful in a Wide variety of applications, including telecom 
munications, sensors, and sensor arrays. In particular, the 
coated optical ?ber containing at least one Bragg grating is 
useful in telecommunication components and devices, such 
as narroWband and broadband tunable ?lters, optical ?ber 
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mode converters, spectrum analyZers, narroWband lasers, 
Wavelength stabiliZers for pump lasers, add/drop ?lters for 
Wavelength division multiplexing, and gain-?attening ?lters; 
and in ?ber optic sensors, particularly sensors for strain, 
pressure, and temperature measurements. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] As used herein, the term “hydrocarbyl free of ali 
phatic unsaturation” means the hydrocarbyl group does not 
contain an aliphatic carbon-carbon double bond or carbon 
carbon triple bond. Also, the term “epoxy group” refers to a 
monovalent organic group in Which an oxygen atom is 
directly attached to tWo adjacent carbon atoms of a carbon 
chain or ring system. 

[0026] A ?rst epoxy-functional polysiloxane according to 
the present invention has the formula: 

wherein R1 is C1 to C3 alkyl or phenyl; R4 is 4CH2i 
CHR2R3, Wherein R2 is C2 to C10 hydrocarbyl free of ali 
phatic unsaturation and R3 is R1 or H; R6 is 4CH2i 
CHR3R5, Wherein R5 is an epoxy group; R7 is R1, R4, or R6; 
m is from 0.1 to 0.9; n is from 0.1 to 0.5; p is from 0.1 to 0.6; 
and m+n+p:1. 
[0027] The ?rst epoxy-functional polysiloxane is a copoly 
mer containing repeat units having the formulas Rl2SiO2/2, 
R1R4SiO2/2, and R1R6SiO2 /2, and endgroups having the for 
mula R7, Rl2SiO1/2. The repeat units can be arranged in any 
order. For example, the repeat units can be arranged in ran 
dom, alternating, block, or statistical order. Moreover, the 
epoxy groups can be located at terminal, pendant, or both 
terminal and pendant positions. 
[0028] The alkyl groups represented by R1 typically have 
from 1 to 3 carbon atoms and are exempli?ed by methyl, 
ethyl, propyl, and l-methylethyl. 
[0029] The hydrocarbyl groups represented by R2 are free 
of aliphatic unsaturation and typically have from 2 to 10 
carbon atoms, alternatively from 2 to 6 carbon atoms.Acyclic 
hydrocarbyl groups containing at least 3 carbon atoms can 
have a branched or unbranched structure. Examples of hydro 
carbyl groups represented by R2 include, but are not limited 
to, alkyl, such as ethyl, propyl, l-methylethyl, butyl, l-meth 
ylpropyl, 2-methylpropyl, l,l-dimethylethyl, pentyl, l-me 
thylbutyl, l-ethylpropyl, 2-methylbutyl, 3-methylbutyl, 1,2 
dimethylpropyl, 2,2-dimethylpropyl, hexyl, heptyl, octyl, 
nonyl, and decyl; cycloalkyl, such as cyclopentyl, cyclohexyl, 
and methylcyclohexyl; aryl, such as phenyl and naphthyl; 
alkaryl, such as tolyl and xylyl; and aralkyl, such as benZyl 
and phenethyl. 
[0030] Examples of the groups represented by R4 having 
the formula iCH2iCHR2R3, Wherein R2 is C2 to C10 
hydrocarbyl free of aliphatic unsaturation and R3 is R1 or H, 
include, but are not limited to, butyl, pentyl, hexyl, heptyl, 
octyl, nonyl, decyl, 2-methylbutyl, 2-methylpentyl, 2-meth 
ylhexyl, 2-methylheptyl, 2-methyloctyl, 2-methylnonyl, and 
2-methyldecyl. 
[0031] The epoxy groups represented by R5 typically have 
from 2 to 10 carbon atoms. Examples of epoxy groups 
include, but are not limited to, groups having the folloWing 
formulae: 
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—CH 
\CH 2 

O, O, and 

Me. \CH 
O 

[0032] Examples of groups represented by R6 having the 
formula iCH2iCHR3 R5 , Wherein R3 is R1 or H and R5 is an 
epoxy group, include, but are not limited to, groups having the 
following formulae: 

— CH2 

0, 

_ CH2 

0, and 

Me 

Me. 
— CH2 

O 

[0033] In the formula (I) of the ?rst epoxy-functional pol 
ysiloxane, the subscripts m, n, and p outside the parenthesis 
denote mole fractions, Which are based on the total number of 
moles of repeat (non-terminal) siloxane units in the polysi 
loxane. The subscript m typically has a value of from 0.1 to 
0.9, alternatively from 0.1 to 0.8, alternatively from 0.1 to 0.5; 
the subscript n typically has a value of from 0.1 to 0.5, alter 
natively from 0.1 to 0.4, alternatively from 0.1 to 0.3; the 
subscript p typically has a value of from 0.1 to 0.6, alterna 
tively from 0.1 to 0.4, alternatively from 0.1 to 0.2; and the 
sum m+n+p:1. 

[0034] The ?rst epoxy-function polysiloxane typically has 
a number-average molecular Weight (Mn) of from 500 to 
500,000, alternatively from 1,000 to 250,000, alternatively 
from 5,000 to 25,000, Where the molecular Weight is deter 
mined by gel permeation chromatography employing a 
refractive index detector and polystyrene standards. 
[0035] Examples of the ?rst epoxy-functional polysiloxane 
include, but are not limited to, polysiloxanes having the fol 
loWing formulae: 

and 
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-continued 
Me Me Me 

Where Me is methyl, 4C8H17 is octyl, R is 4C8H17 or 

O 

and the numerical subscripts outside the parenthesis denote 
mole fractions, Which are based on the total number of moles 
of repeat (non-terminal) siloxane units in the polysiloxane. 
Also, in the preceding formulae, the sequence of repeat units 
is unspeci?ed. 
[0036] The ?rst epoxy-functional polysiloxane can be pre 
pared by reacting (a) an organohydrogenpolysiloxane having 
the formula R3Rl2SiO(Rl2SiO)m(R1HSiO)n (RlHSiO) 
PSiR12R3 With (b) an alkene having the formula H2C:CR2R3 
and (c) an epoxy-functional alkene having the formula 
H2C:CR3R5 in the presence of (d) a hydrosilylation catalyst 
and, optionally, (e) an organic solvent, Wherein R1, R2, R3, 
R5, m, n, p, and the sum m+n+p are as de?ned and exempli?ed 
above for the ?rst epoxy-functional polysiloxane. 
[0037] Organohydrogenpolysiloxane (a) has the formula 
RsRl2SiO(Rl2SiO)m(RlHSiO)n (RlHSiO)PSiRl2R3 Wherein 
R1, R3, m, n, p, and the sum m+n+p are as de?ned and 
exempli?ed above for the ?rst epoxy-functional polysilox 
ane. 

[0038] Organohydrogenpolysiloxane (a) typically has a 
number-average molecular Weight of from 150 to 300,000, 
alternatively from 1,500 to 100,000, alternatively from 3,000 
to 30,000, Where the molecular Weight is determined by gel 
permeation chromatography employing a refractive index 
detector and polystyrene standards. 
[0039] Examples of organohydrogenpolysiloxanes suit 
able for use as organohydrogenpolysiloxane (a) include, but 
are not limited to, trimethylsiloxy-terminated poly[dimethyl 
siloxane-co-(methylhydrogensiloxane)], hydro gendimethyl 
siloxy-terminated poly[dimethylsiloxane-co-(methylhydro 
gensiloxane)], triethylsiloxy-terminated poly 
[dimethylsiloxane-co-(methylhydrogensiloxane)], 
hydrogendiethylsiloxy-terminated poly[dimethylsiloxane 
co-(methylhydrogensiloxane)], trimethylsiloxy-terminated 
poly[diethylsiloxane-co-(ethylhydrogensiloxane)], hydro 
gendimethylsiloxy-terminated poly[diethylsiloxane-co-(eth 
ylhydrogensiloxane)], triethylsiloxy-terminated poly[dieth 
ylsiloxane-co-(ethylhydrogensiloxane)], 
hydrogendiethylsiloxy-terminated poly[diethylsiloxane-co 
(ethylhydrogensiloxane)], trimethylsiloxy-terminated poly 
[dimethylsiloxane-co-(phenylhydrogensiloxane)], hydro 
gendimethylsiloxy-terminated poly[dimethylsiloxane-co 
(phenylhydrogensiloxane)], triethylsiloxy-terminated poly 
[dimethylsiloxane-co-(phenylhydrogensiloxane)], and 
hydrogendiethylsiloxy-terminated poly[dimethylsiloxane 
co-(phenylhydrogensiloxane)]. 

a 

a 
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[0040] Methods of preparing linear organohydrogenpol 
ysiloxanes, such as hydrolysis and condensation of organo 
halosilanes or equilibration of cyclosiloxanes, are Well 
knoWn in the art. 
[0041] Alkene (b) is at least one alkene having the formula 
H2C:CR2R3, Wherein R2 and R3 are as de?ned and exem 
pli?ed above for the ?rst epoxy-functional polysiloxane. 
[0042] Examples of alkenes suitable for use as alkene (b) 
include, but are not limited to, but-1-ene, pent-1-ene, hex-1 
ene, hept-1-ene, oct-1-ene, non-1-ene, dec-1-ene, 2-methyl 
but-1-ene, 2-methylpent-1 -ene, 2-methylhex-1 -ene, 2-meth 
ylhept-1-ene, 2-methyloct-1-ene, 2-methylnon-1-ene, and 
2-methyldec-1 -ene. 
[0043] Alkene (b) can be a single alkene or a mixture com 
prising tWo or more different alkenes, each having the for 
mula H2C:CR2R3, Wherein R2 and R3 are as de?ned and 
exempli?ed above for the ?rst epoxy-functional polysilox 
ane. Methods of preparing terminal alkenes are Well knoWn in 
the art; many of these compounds are commercially available. 
[0044] Epoxy-functional alkene (c) is at least one alkene 
having the formula H2C:CR3R5 , Wherein R3 and R5 are as 
de?ned and exempli?ed above for the ?rst epoxy-functional 
polysiloxane. 
[0045] Examples of alkenes suitable for use as epoxy-func 
tional alkene (c) include, but are not limited to, alkenes having 
the folloWing formulae: 

[0046] Epoxy-functional alkene (c) can be a single alkene 
or a mixture comprising tWo or more different alkenes, each 
having the formula H2C:CR3R5, Where R3 and R5 are as 
de?ned and exempli?ed above for the ?rst epoxy-functional 
polysiloxane. Also, methods of preparing epoxy-functional 
alkenes are Well knoWn in the art. 

[0047] Hydrosilylation catalyst (d) can be any of the Well 
knoWn hydrosilylation catalysts comprising a platinum group 
metal (i.e., platinum, rhodium, ruthenium, palladium, 
osmium and iridium) or a compound containing a platinum 
group metal. Preferably, the platinum group metal is plati 
num, based on its high activity in hydrosilylation reactions. 
[0048] Hydrosilylation catalysts include the complexes of 
chloroplatinic acid and certain vinyl-containing organosilox 
anes disclosed by Willing inU.S. Pat. No. 3,419,593, Whichis 
hereby incorporated by reference. A catalyst of this type is the 
reaction product of chloroplatinic acid and 1,3-diethenyl-1, 
1 ,3 ,3 -tetramethyldi siloxane. 
[0049] The hydrosilylation catalyst can also be a supported 
hydrosilylation catalyst comprising a solid support having a 
platinum group metal on the surface thereof. A supported 
catalyst can be conveniently separated from the organohydro 
genpolysiloxane resin product, for example, by ?ltering the 
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reaction mixture. Examples of supported catalysts include, 
but are not limited to, platinum on carbon, palladium on 
carbon, ruthenium on carbon, rhodium on carbon, platinum 
on silica, palladium on silica, platinum on alumina, palladium 
on alumina, and ruthenium on alumina. 
[0050] Organic solvent (e) is at least one organic solvent. 
The organic solvent can be any aprotic or dipolar aprotic 
organic solvent that does not react With organohydrogenpol 
ysiloxane (a), alkene (b), epoxy-functional alkene (c), or the 
epoxy-functional polysiloxane product under the conditions 
of the present method, and is miscible With components (a), 
(b), (c) and the epoxy-functional polysiloxane. 
[0051] Examples of organic solvents include, but are not 
limited to, saturated aliphatic hydrocarbons such as n-pen 
tane, hexane, n-heptane, isooctane and dodecane; 
cycloaliphatic hydrocarbons such as cyclopentane and cyclo 
hexane; aromatic hydrocarbons such as benZene, toluene, 
xylene and mesitylene; cyclic ethers such as tetrahydrofuran 
(THF) and dioxane; ketones such as methyl isobutyl ketone 
(MIBK); halogenated alkanes such as trichloroethane; and 
halogenated aromatic hydrocarbons such as bromobenZene 
and chlorobenZene. Organic solvent (e) can be a single 
organic solvent or a mixture comprising tWo or more different 
organic solvents, each as described above. 
[0052] The reaction can be carried out in any standard 
reactor suitable for hydrosilylation reactions. Suitable reac 
tors include glass and Te?on-lined glass reactors. Preferably, 
the reactor is equipped With a means of agitation, such as 
stirring. Also, preferably, the reaction is carried out in an inert 
atmosphere, such as nitrogen or argon, in the absence of 
moisture. 
[0053] The organohydrogenpolysiloxane (a), alkene (b), 
epoxy-functional alkene (c), hydrosilylation catalyst (d), and 
organic solvent (e) can be combined in any order. Typically, 
alkene (b) and epoxy-functional alkene (c) are added, either 
simultaneously or sequentially in any order, to organohydro 
genpolysiloxane (a), and, optionally organic solvent (e) 
before the introduction of hydrosilylation catalyst (d). 
[0054] The reaction is typically carried out at a temperature 
of from room temperature (~23o C.) to 110° C., alternatively 
from 60 to 90° C. When the temperature is less than room 
temperature, the rate of reaction is typically very sloW. 
[0055] The reaction time depends on several factors, such 
as the structures of the organohydrogenpolysiloxane (a), alk 
ene (b), and epoxy-functional alkene (c), and the temperature. 
For example, the time of reaction is typically from 1 to 10 h at 
a temperature of from room temperature to 1000 C. The 
optimum reaction time can be determined by routine experi 
mentationusing the methods set forth in the Examples section 
beloW. 
[0056] The mole ratio of alkene (b) to silicon-bonded 
hydrogen atoms in organohydrogen-polysiloxane (a) is typi 
cally from 0.1 to 0.9, alternatively from 0.4 to 0.8. The mole 
ratio of epoxy-functional alkene (c) to silicon-bonded hydro 
gen atoms in organohydrogenpoly-siloxane (a) is typically 
from 0.1 to 0.9, alternatively from 0.2 to 0.6. Also, the ratio of 
the sum of the number of moles of alkene (b) and epoxy 
functional alkene (c) to the number of moles of silicon 
bonded hydrogen atoms in organohydrogenpolysiloxane (a) 
is typically from 1 to 2, alternatively from 1 to 1.5, altema 
tively from 1 to 1.2. 
[0057] The concentration of hydrosilylation catalyst (d) is 
suf?cient to catalyZe the addition reaction of organohydro 
genpolysiloxane (a) With alkene (b) and epoxy-functional 
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alkene (c). Typically, the concentration of hydrosilylation 
catalyst (d) is suf?cient to provide from 0.1 to 1000 ppm of a 
platinum group metal, alternatively from 1 to 500 ppm of a 
platinum group metal, alternatively from 5 to 150 ppm of a 
platinum group metal, based on the combined Weight of orga 
nohydrogenpolysiloxane (a), alkene (b), and epoxy-func 
tional alkene (c). The rate of reaction is very sloW beloW 0.1 
ppm of platinum group metal. The use of more than 1000 ppm 
of platinum group metal results in no appreciable increase in 
reaction rate, and is therefore uneconomical. 
[0058] The concentration of organic solvent (e) is typically 
from 0 to 50% (W/W), alternatively from 10 to 30% (W/W), 
based on the total Weight of the reaction mixture. 
[0059] The ?rst epoxy-functional polysiloxane can be used 
Without isolation or puri?cation in the silicone composition, 
described beloW, or the polysiloxane can be separated from 
most of the solvent by conventional methods of evaporation. 
For example, the reaction mixture can be heated under 
reduced pressure. Moreover, When the hydrosilylation cata 
lyst used to prepare the epoxy-functional polysiloxane is a 
supported catalyst, described above, the polysiloxane can be 
readily separated from the hydrosilylation catalyst by ?lter 
ing the reaction mixture. 
[0060] A second epoxy-functional polysiloxane according 
to the present invention has the formula: 

($iO4/2)Z (11) 

wherein R1 is C1 to C3 alkyl or phenyl; R4 is 4CH2i 
CHR2R3, Wherein R2 is C2 to C10 hydrocarbyl free of ali 
phatic unsaturation and R3 is R1 or H; R6 is 4CH2i 
CHR3R5, Wherein R5 is an epoxy group; R7 is R1, R4, or R6; 
v is from 0 to 0.5; W is from 0.1 to 0.9; x is from 0.1 to 0.7; y 
is from 0.1 to 0.5; Z is from 0 to 0.5; and V+W+X+y+Z:l. 
[0061] In the formula (II) for the second epoxy-functional 
polysiloxane, R1, R2, R3, R4, R5 , R6, and R7 are as de?ned and 
exempli?ed above for the ?rst epoxy-functional polysilox 
ane. Also, the subscripts v, W, x, y, and Z outside the paren 
thesis denote mole fractions, Which are based on the total 
number of moles of siloxane units in the polysiloxane. The 
subscript v typically has a value of from 0 to 0.5, alternatively 
from 0.1 to 0.3, alternatively from 0.2 to 0.3; the subscript W 
typically has a value of from 0.1 to 0.9, alternatively from 0.2 
to 0.5, alternatively from 0.2 to 0.3; the subscript x typically 
has a value of from 0.1 to 0.7, alternatively from 0.1 to 0.5, 
alternatively from 0.2 to 0.4; the subscript y typically has a 
value of from 0.1 to 0.5, alternatively from 0.1 to 0.4, alter 
natively from 0.2 to 0.3; the subscript Z typically has a value 
of from 0 to 0.5, alternatively from 0.1 to 0.3, alternatively 
from 0.2 to 0.3; and the sum V+W+X+y+Z:l. 
[0062] The second epoxy-functional polysiloxane typi 
cally has a number-average molecular Weight (Mn) of from 
200 to 50,000, alternatively from 1,000 to 25,000, altema 
tively 5,000 to 10,000, Where the molecular Weight is deter 
mined by gel permeation chromatography employing a 
refractive index detector and polystyrene standards. 
[0063] The second epoxy-functional polysiloxane contains 
R4SiO3/2 units (i.e., T units), R6SiO3/2 units (i.e. T units), and 
Rl2SiO2/2 units (i.e., D units), where R1 and R4 are as 
described and exempli?ed above. In addition to these units, 
the polysiloxane can also contain SiO4/2 units (i.e., Q units) 
and/or R7R12SiO1/2 units (i.e., M units), where R1 and R7 are 
as described and exempli?ed above. For example, the silicone 
resin can be a TD resin, a TDM resin, a TDQ resin, or a 
TDMQ resin. 
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[0064] Examples of the second epoxy-functional polysi 
loxane include, but are not limited to, polysiloxanes having 
the folloWing formulae: 

is methyl, Ph is phenyl, CSHl7 is octyl, R' is 

O 

and the numerical subscripts outside the parenthesis denote 
mole fractions, Which are based on the total number of moles 
of siloxane units in the polysiloxane. Also, in the preceding 
formulae, the sequence of units is unspeci?ed. 
[0065] The second epoxy-functional polysiloxane can be 
prepared by reacting (a') an organohydrogenpolysiloxane 
having the formula (RsRl2SiOl/2)v(Rl2SiO2/2)W(HSiO3/2),C 
(HSiO3/2)y(SiO4/2)Z With (b) an alkene having the formula 
H2C:CR2R3 and (c) an epoxy-functional alkene having the 
formula H2C:CR3R5 in the presence of (d) a hydrosilylation 
catalyst and, optionally, (e) an organic solvent, Wherein R1, 
R2, R3, R5 , v, W, x, y, Z, and the sum v+W+x+y+Z are as de?ned 
and exempli?ed above for the second epoxy-functional pol 
ysiloxane. 
[0066] Organohydrogenpolysiloxane (a') has the formula 
(RsRlzsiOl/2)v(Rl2$iO2/2)W(H$iO3/2)x(HSiO3/2)y($iO4/2)Z, 
Wherein R1, R3, v, W, x, y, Z, and the sum v+W+x+y+Z are as 
de?ned and exempli?ed above for the second epoxy-func 
tional polysiloxane. 
[0067] The organohydrogenpolysiloxane (a') typically has 
a number-average molecular Weight of from 100 to 25,000, 
alternatively from 500 to 10,000, alternatively from 1,000 to 
5,000, Where the molecular Weight is determined by gel per 
meation chromatography employing a refractive index detec 
tor and polystyrene standards. 
[0068] Examples of organohydrogenpolysiloxanes suit 
able for use as organohydrogenpolysiloxane (a') include, but 
are not limited to, polysiloxanes having the folloWing formu 
lae: (Mes SiO1/2)0.25(Me2SiO2/2)0.1(HSiO3/2)0.5(SiO4/2)0.15 
and (Me2PhSiO1/2)O_25(MePhSiO2/2)O_25(HSiO3/2)O_5, Where 
Me is methyl, Ph is phenyl, and the numerical subscripts 
outside the parenthesis denote mole fractions, Which are 
based on the total number of moles of siloxane units in the 
polysiloxane. Also, in the preceding formulae, the sequence 
of units is unspeci?ed. 
[0069] Methods of preparing organohydrogenpolysiloxane 
resins are Well knoWn in the art. For example, the organohy 
drogenpolysiloxane (a') can be prepared by cohydrolyZing a 
mixture of chlorosilanes having the formulae R3Rl2SiCl, 
R12SiCl2, HSiCl3, and SiCl4, in an organic solvent, such as 
toluene, where R1 and R3 are as de?ned and exempli?ed 
above. The aqueous hydrochloric acid and silicone hydrolyZ 
ate are separated and the hydrolyZate is Washed With Water to 
remove residual acid and heated in the presence of a mild 
condensation catalyst to “body” the resin to the requisite 
viscosity. If desired, the resin can be further treated With a 
condensation catalyst in an organic solvent to reduce the 
content of silicon-bonded hydroxy groups. Alternatively, 

a 
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silanes containing hydrolysable groups other than chloro, for 
example, iBr, ‘0R8, 4OCH2CH2OR8, CH3C(:O)Oi, 
Et(Me)C:NA)i, CH3C(:O)N(CH3)i, and ADNH2, 
wherein R8 is C1 to C8 hydrocarbyl or C1 to C8 halogen 
substituted hydrocarbyl, can be utilized as starting materials 
in the cohydrolysis reaction. The properties of the resin prod 
ucts depend on the types of silanes, the mole ratio of silanes, 
the degree of condensation, and the processing conditions. 
[0070] The hydrocarbyl and halogen-substituted hydrocar 
byl groups represented by R8 typically have from 1 to 8 
carbon atoms, alternatively from 3 to 6 carbon atoms. Acyclic 
hydrocarbyl and halogen-substituted hydrocarbyl groups 
containing at least 3 carbon atoms can have a branched or 
unbranched structure. Examples of hydrocarbyl groups rep 
resented by R8 include, but are not limited to, unbranched and 
branched alkyl, such as methyl, ethyl, propyl, 1-methylethyl, 
butyl, 1-methylpropyl, 2-methylpropyl, 1,1-dimethylethyl, 
pentyl, 1 -methylbutyl, 1 -ethylpropyl, 2-methylbutyl, 3 -meth 
ylbutyl, 1,2-dimethylpropyl, 2,2-dimethylpropyl, hexyl, hep 
tyl, and octyl; cycloalkyl, such as cyclopentyl, cyclohexyl, 
and methylcyclohexyl; phenyl; alkaryl, such as tolyl and 
xylyl; aralkyl, such as benZyl and phenethyl; alkenyl, such as 
vinyl, allyl, and propenyl; arylalkenyl, such as styryl; and 
alkynyl, such as ethynyl and propynyl. Examples of halogen 
substituted hydrocarbyl groups represented by R8 include, 
but are not limited to, 3,3,3-tri?uoropropyl, 3-chloropropyl, 
chlorophenyl, and dichlorophenyl. 
[0071] Alkene (b), epoxy-functional alkene (c), hydrosily 
lation catalyst (d), and organic solvent (e) are as described and 
exempli?ed above in the method of preparing the ?rst epoxy 
functional polysiloxane. 
[0072] The reaction for preparing the second epoxy-func 
tional polysiloxane can be carried out in the manner described 
above for preparing the ?rst epoxy-functional polysiloxane, 
Wherein the mole ratio of alkene (b) to silicon-bonded hydro 
gen atoms in organohydrogenpolysiloxane (a') is typically 
from 0.1 to 0.9, alternatively from 0.4 to 0.8; and the mole 
ratio of epoxy-functional alkene (c) to silicon-bonded hydro 
gen atoms in organohydrogenpolysiloxane (a') is typically 
from 0.1 to 0.9, alternatively from 0.2 to 0.6. Also, the ratio of 
the sum of the number of moles of alkene (b) and epoxy 
functional alkene (c) to silicon-bonded hydrogen atoms in 
organohydrogenpolysiloxane (a') is typically from 1 to 2, 
alternatively from 1 to 1.5, alternatively from 1 to 1.2. Fur 
thermore, the second epoxy-functional polysiloxane can be 
recovered from the reaction mixture as described above for 
the ?rst epoxy-functional polysiloxane. 
[0073] A silicone composition according to the present 
invention comprises: 
[0074] (A) a polysiloxane selected from (i) at least one 
epoxy-functional polysiloxane having the formula R RlzSiO 
(Rl2SiO)m(RlR“SiO)n(R1R6SiO)PSiRl2R7 (1), (ii) at least 
one epoxy-functional polysiloxane having the formula 
(R7Rl2$iO1/2)v(Rl2S102/2)W(R4$iO3/2)x(R6$iO3/2)y($iO4/2)Z 
(H), and (iii) a mixture comprising (i) and (ii), wherein R1 is 
C l to C3 alkyl or phenyl, R4 is 4CH24CHR2R3, Wherein R2 
is C2 to C10 hydrocarbyl free of aliphatic unsaturation and R3 
is R1 or H, R6 is 4CH2iCHR3R5, Wherein R5 is an epoxy 
group, R7 is R1, R4, or R6, m is from 0.1 to 0.9, n is from 0.1 
to 0.5, p is from 0.1 to 0.6, m+n+p:1, v is from 0 to 0.5, W is 
from 0.1 to 0.9, x is from 0.1 to 0.7, y is from 0.1 to 0.5, Z is 
from 0 to 0.5, and V+W+X+y+Z:l, and 

[0075] (B) a cationic photoinitiator. 
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[0076] Components (A)(i) and (A)(ii) are the ?rst epoxy 
functional polysiloxane and the second epoxy-functional pol 
ysiloxane, respectively, described and exempli?ed above. 
[0077] Component (B) is at least one cationic photoinitia 
tor. Examples of cationic photoinitiators include, but are not 
limited to, onium salts, diaryliodonium salts of sulfonic acids, 
triarylsulfonium salts of sulfonic acids, diaryliodonium salts 
of boronic acids, and triarylsulfonium salts of boronic acids. 

[0078] Suitable onium salts include salts having a formula 
selected from R92l+MXZ_, R93S+MXZ_, R93 Se+MXZ_, R94P+ 
MXZ_, and R94N+MXZ_, Wherein each R9 is independently 
hydrocarbyl or substituted hydrocarbyl having from 1 to 30 
carbon atoms; M is an element selected from transition met 
als, rare earth metals, lanthanide metals, metalloids, pho spho 
rus, and sulfur; X is a halo (e.g., chloro, bromo, iodo), and Z 
has a value such that the product Z (charge on X+ oxidation 
number ofM):—1. Examples of substituents on the hydrocar 
byl group include, but are not limited to, C 1 to C8 alkoxy, C1 
to C 16 alkyl, nitro, chloro, bromo, cyano, carboxyl, mercapto, 
and heterocyclic aromatic groups, such as pyridyl, thiophe 
nyl, and pyranyl. Examples of metals represented by M 
include, but are not limited to, transition metals, such as Fe, 
Ti, Zr, Sc, V, Cr, and Mn; lanthanide metals, such as Pr, and 
Nd; other metals, such as Cs, Sb, Sn, Bi, Al, Ga, and In; 
metalloids, such as B, and As; and P. The formula MX; 
represents a non-basic, non-nucleophilic anion. Examples of 
anions having the formula MX; include, but are not limited 
to, B134‘, P136‘, AsF6_, SbF6:, SbCl6_, and SnCl6_. 
[0079] Examples of onium salts include, but are not limited 
to, bis-diaryliodonium salts, such as bis(dodecyl phenyl)i 
odonium hexa?uoroarsenate, bis(dodecylphenyl)iodonium 
hexa?uoroantimonate, and dialkylphenyliodonium hexa?uo 
roantimonate. 

[0080] Examples of diaryliodonium salts of sulfonic acids 
include, but are not limited to, diaryliodonium salts of per 
?uoroalkylsulfonic acids, such as diaryliodonium salts of 
per?uorobutanesulfonic acid, diaryliodonium salts of per 
?uoroethanesulfonic acid, diaryliodonium salts of per?uo 
rooctanesulfonic acid, and diaryliodonium salts of tri?uo 
romethanesulfonic acid; and diaryliodonium salts of aryl 
sulfonic acids, such as diaryliodonium salts of para-toluene 
sulfonic acid, diaryliodonium salts of dodecylbenZene 
sulfonic acid, diaryliodonium salts of benZenesulfonic acid, 
and diaryliodonium salts of 3-nitrobenZenesulfonic acid. 
[0081] Examples of triarylsulfonium salts of sulfonic acids 
include, but are not limited to, triarylsulfonium salts of per 
?uoroalkylsulfonic acids, such as triarylsulfonium salts of 
per?uorobutanesulfonic acid, triarylsulfonium salts of per 
?uoroethanesulfonic acid, triarylsulfonium salts of per?uo 
rooctanesulfonic acid, and triarylsulfonium salts of tri?uo 
romethanesulfonic acid; and triarylsulfonium salts of aryl 
sulfonic acids, such as triarylsulfonium salts of para-toluene 
sulfonic acid, triarylsulfonium salts of dodecylbenZene 
sulfonic acid, triarylsulfonium salts of benZenesulfonic acid, 
and triarylsulfonium salts of 3-nitrobenZenesulfonic acid. 
[0082] Examples of diaryliodonium salts of boronic acids 
include, but are not limited to, diaryliodonium salts of perha 
loarylboronic acids. Examples of triarylsulfonium salts of 
boronic acids include, but are not limited to, triarylsulfonium 
salts of perhaloarylboronic acid. Diaryliodonium salts of 
boronic acids and triarylsulfonium salts of boronic acids are 
Well knoWn in the art, as exempli?ed in European Patent 
Application No. EP 0562922. 



US 2008/0260337 A1 

[0083] Component (B) can be a single cationic photoinitia 
tor or a mixture comprising tWo or more different cationic 
photoinitiators, each as de?ned above. The concentration of 
component (B) is typically from 0.01 to 5% (W/W), alterna 
tively from 0.1 to 2% (W/W), based on the total Weight of the 
silicone composition. 
[0084] The silicone composition of can contain additional 
ingredients, provided the ingredient does not adversely affect 
the physical properties, particularly modulus, tensile 
strength, and adhesion, of the cured product. Examples of 
additional ingredients include, but are not limited to, light 
stabilizers; sensitiZers; antioxidants; ?llers, such as reinforc 
ing ?llers, extending ?llers, and conductive ?llers; adhesion 
promoters; and ?uorescent dyes. 
[0085] The silicone composition can be a one-part compo 
sition comprising components (A) and (B) in a single part or, 
alternatively, a multi-part composition comprising compo 
nents (A) and (B) in tWo or more parts. 
[0086] The silicone composition of the instant invention 
can be prepared by combining components (A), (B), and any 
optional ingredients in the stated proportions at ambient tem 
perature. Mixing can be accomplished by any of the tech 
niques knoWn in the art such as milling, blending, and stirring, 
either in a batch or continuous process. The particular device 
is determined by the viscosity of the components and the 
viscosity of the silicone composition. 
[0087] A cured polysiloxane according to the present 
invention can be prepared by exposing the silicone composi 
tion, described above, to ultraviolet radiation. The ultraviolet 
radiation typically has a Wavelength of from 200 to 800 nm, 
alternatively from 200 to 600 nm, alternatively from 250 to 
400 mm. Moreover, the dose of radiation is typically from 50 
to 1,000 mJ/cm2, alternatively from 50 to 500 mJ/cm2. The 
ultraviolet radiation can be produced using a medium pres 
sure mercury-arc lamp. 
[0088] A coated optical ?ber according to the present 
invention comprises: 
[0089] an optical ?ber comprising a glass ?ber core and a 
cladding surrounding the core, Wherein the cladding has a 
refractive index less than the refractive index of the core; and 
a silicone coating surrounding the optical ?ber, Wherein the 
coating comprises a cured polysiloxane prepared by applying 
the silicone composition of the present invention on the opti 
cal ?ber to form a ?lm and exposing the ?lm to ultraviolet 
radiation. 
[0090] The optical ?ber of the coated optical ?ber com 
prises a glass ?ber core and a cladding surrounding the core, 
Wherein the cladding has a refractive index less than the 
refractive index of the core. Both the core and the cladding are 
typically made of silica glass, but the core typically has ger 
manium doping to increase its refractive index and, thus, 
minimiZe loss of light from the core. The core typically has a 
refractive index of at least 1.46 at 200 C. for light having a 
Wavelength of 589 nm. The difference in refractive index 
betWeen the glass ?ber core and the cladding, Which depends 
on the type and level of dopant in the core, is typically at least 
0.2. 
[0091] The optical ?ber can be multimode optical ?ber or 
single-mode optical ?ber. Multimode ?ber typically has a 
larger core and therefore supports multiple light Wave paths. 
Multimode ?ber typically has a core diameter of 50 pm or 
62.5 um, and a cladding thickness of 125 um. Additionally, 
multimode ?ber usually has a length less than 2 km. Single 
mode ?ber has a smaller core than multimode ?ber, for 
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example, 7.1 pm or 8.3 pm versus 50 pm or 62.5 um. Also, 
single mode optical ?ber typically ?ber has a cladding thick 
ness of 125 um and a length greater than 2 km. 

[0092] Methods of fabricating optical ?bers, such as mak 
ing a preform glass cylinder and draWing the preform into an 
optical ?ber having the desired siZe, are Well knoWn in the art. 
Optical ?bers having various dimensions, dopants, and levels 
of dopants are commercially available. 
[0093] The silicone coating surrounding the optical ?ber 
comprises a cured polysiloxane prepared by applying the 
silicone composition of the present invention on the optical 
?ber to form a ?lm and exposing the ?lm to ultraviolet radia 
tion. The silicone coating is prepared as described beloW in 
the method of preparing the coated optical ?ber. The silicone 
coating typically has a thickness of from 50 to 150 um, 
alternatively from 60 to 100 um. 

[0094] The coated optical ?ber can further comprise at least 
one Bragg grating. The Bragg grating is a segment of the ?ber 
core having periodic changes in refractive index. The Bragg 
grating typically has a length of from 0.5 to 5 cm, alternatively 
from 1 to 3 cm. 

[0095] A method of preparing a coated optical ?ber accord 
ing to the present invention comprises applying the silicone 
composition of the instant invention on an optical ?ber to 
form a ?lm, Wherein the optical ?ber comprises a glass ?ber 
core and a cladding surrounding the core and the cladding has 
a refractive index less than the refractive index of the core; 
and exposing the ?lm to ultraviolet radiation to form a sili 
cone coating. 

[0096] In the ?rst step of the present method, a silicone 
composition is applied on an optical ?ber to form a ?lm. Both 
the silicone composition and the optical ?ber are as described 
and exempli?ed above. The silicone composition can be 
applied on the optical ?ber using conventional coating tech 
niques, such as brushing, spraying, and dipping. Optical 
?bers are typically coated after being draWn from a glass 
preform in a continuous process. The application conditions, 
for example, time and temperature can be adjusted to produce 
a ?lm that gives a silicone coating in the second step of the 
method having the desired thickness. 
[0097] In the second step of the method, the ?lm on the 
optical ?ber is exposed to ultraviolet radiation to produce a 
silicone coating. The silicone coating is as described above. 
The ultraviolet radiation typically has a Wavelength of from 
200 to 800 nm, alternatively from 200 to 600 nm, alternatively 
from 250 to 400 nm. Also, the dose of radiation is typically 
from 50 to 1,000 mJ/cm2, alternatively from 50 to 500 
mJ/cm2. The ultraviolet radiation can be produced using a 
medium pressure mercury-arc lamp. 
[0098] The method can further comprise Writing at least 
one Bragg grating in the glass ?ber core. The grating can be 
Written by exposing a region of the coated optical ?ber to a 
periodic pattern of ultraviolet laser light, created by using an 
interferometer or phase mask, to produce periodic changes in 
refractive index along the ?ber core in the exposed region. 
The ultraviolet laser light typically has a Wavelength of from 
157 to 350 nm, alternatively from 180 to 300 nm, alternatively 
from 200 to 250 nm. In particular a Wavelength of 248 nm is 
useful for Writing Bragg gratings in the in the glass ?ber core. 
The particular Wavelength of ultraviolet laser light in the 
aforementioned range is typically chosen such that the sili 
cone coating is transparent to the light at that Wavelength. As 
used herein, the term “transparent” means the silicone coating 
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typically has a percent transmittance of at least 70%, alterna 
tively at least 80%, alternatively at least 85%, at the selected 
Wavelength. 
[0099] The UV light can be produced using a laser, such as 
an excimer laser, a frequency doubled argon laser, a fre 
quency doubled dye laser, a frequency quadrupled high 
poWer laser, a nitrogen laser, an argon ion laser, a krypton ion 
laser, or a copper vapor laser. 

[0100] The epoxy-functional polysiloxanes of the present 
invention have very loW absorbance in the ultraviolet region 
of the electromagnetic spectrum and good shelf-stability. 
Moreover, the polysiloxanes contain highly reactive epoxy 
groups and can be cured rapidly to produce durable cross 
linked polysiloxanes. 
[0101] The silicone composition of the present invention 
can be conveniently formulated as a one-part composition 
having good shelf-stability in the absence of ultraviolet light. 
Moreover, the composition can be applied to a substrate by 
conventional high-speed methods such as spin coating, in 
line optical ?ber coating, printing, and spraying. Further 
more, the silicone composition cures rapidly upon exposure 
to ultraviolet light. 
[0102] The cured polysiloxane prepared by exposing the 
silicone composition to ultraviolet radiation exhibits high 
transparency, typically at least 70% transmittance, alterna 
tively at least 80% transmittance, alternatively at least 85%, at 
a Wavelength of 248 nm for a free-standing ?lm (i.e., Without 
a substrate) having a thickness of 60 um. Moreover, the cured 
polysiloxane has good primerless adhesion to a variety of 
substrates. The cured polysiloxane also exhibits excellent 
durability, chemical resistance, and ?exibility at loW tempera 
tures. 

[0103] The coated optical ?ber of the present invention 
exhibits good resistance to abrasion, organic solvents, Water 
vapor, and oxygen. Moreover, the coated optical ?ber has 
good thermal stability and mechanical strength. 
[0104] The method of preparing the coated optical ?ber of 
the present invention is scaleable to a high throughput manu 
facturing process. Also, the method employs conventional 
optical ?ber fabrication techniques (e. g., coating and curing) 
and equipment. Importantly, the method can further comprise 
Writing at least one Bragg grating on the core of the ?ber 
directly through the silicone coating, thereby eliminating 
conventional stripping and recoating operations and the prob 
lems associated thereWith. 
[0105] The coated optical ?ber of the present invention is 
useful in a Wide variety of applications, including telecom 
munications, sensors, and sensor arrays. In particular, the 
coated optical ?ber containing at least one Bragg grating is 
useful in telecommunication components and devices, such 
as narroWband and broadband tunable ?lters, optical ?ber 
mode converters, spectrum analyZers, narroWband lasers, 
Wavelength stabiliZers for pump lasers, add/drop ?lters for 
Wavelength division multiplexing, and gain-?attening ?lters; 
and in ?ber optic sensors, particularly sensors for strain, 
pressure, and temperature measurements. 

EXAMPLES 

[0106] The folloWing examples are presented to better 
illustrate the epoxy-functional polysiloxanes, silicone com 
position, and cured polysiloxane of the present invention, but 
are not to be considered as limiting the invention, Which is 
delineated in the appended claims. Unless otherWise noted, 
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all parts and percentages reported in the examples are by 
Weight. The folloWing methods and materials Were employed 
in the examples: 

Infrared Spectra 

[0107] Infrared spectra of epoxy-functional polysiloxanes 
Were recorded on a Perkin Elmer Instruments1600 FT-IR 
spectrometer. A drop of a reaction mixture containing the 
polysiloxane Was applied to a KBr WindoW to form a thin ?lm. 

NMR Spectra 

[0108] Nuclear magnetic resonance spectra (29Si NMR) of 
epoxy-functional polysiloxanes in deuterated chloroform, 
CDCl3, Were obtained using a Varian Mercury 400 MHZ 
NMR spectrometer. The chemical shift values (6) reported in 
the examples are in units of parts per million (ppm), measured 
relative to the internal standard (tetramethylsilane). 

Ultraviolet Light Source 

[0109] Irradiation of a silicone ?lm Was carried out using a 
Fusion model F450 curing system equipped With a 10-inch 
model BT9 electrodeless H-bulb. 

Refractive Index 

[0110] The refractive index of cured polysiloxane ?lms on 
silicon Wafers Was determined using a Reichert Model 10494 
Abbe Mark II Plus refractometer. The refractive index Was 
determined at 20° C. for light having a Wavelength of 589 nm. 

Transmittance 

[0111] The UV-Visible absorption spectra (250 to 800 nm) 
of cured polysiloxane ?lms on glass substrates Were deter 
mined using an Optical Solutions PS-2 portable diode array 
spectrophotometer system. A free-standing cured polysilox 
ane ?lm Was inserted into the sample chamber and scanned 
from 200-800 nm in the UV-visible regions. Reference and 
background scans Were performed With an empty sample 
chamber in air. The percent transmittance Was calculated 
from the absorbance at 248 nm. 
[0112] Dimethylcyclosiloxanes: a ?uid containing 98% 
(W/W) of octamethylcyclotetrasiloxane (D4) and 2% (W/W) of 
decamethylcyclopentasiloxane (D5). 
[0113] Methylhydrogencyclosiloxanes: a ?uid containing 
98% (W/W) of 2,4,6,8-tetramethylcyclo-tetrasiloxane (DH4) 
and 2% (W/W) of 2,4,6,8,10-pentamethylcyclopentasiloxane 
(DH5)' 

Example 1 

[0114] Dimethylcyclosiloxanes (267.3 g, ~3.61 mol ofD4), 
216.6 g (~3.61 mol of DH4) of Methylhydrogencyclosilox 
anes, and 9.97 g (0.074 mol) of 1,1,3,3-tetramethyldisiloxane 
Were combined in a ?ask equipped With a condenser, agitator, 
and heating mantle. The mixture Was treated With 5 g of 
Tonsil® Optimum clay catalyst. The mixture Was heated to 
650 C. With agitation and kept at this temperature for 2 h. The 
mixture Was then heated to 800 C. and kept at this temperature 
until equilibrium Was reached, as indicated by a constant ratio 
of cyclosiloxanes to linear polysiloxane in the 29Si NMR 
spectrum of the mixture. The mixture Was alloWed to cool to 
room temperature and then ?ltered through Grade 4 What 
man® ?lter paper to remove the catalyst. The ?ltrate Was 
stripped (distilled) at 1300 C. and 0.1 mm Hg (13.3 Pa) to 
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remove most of the cyclosiloxanes. The residue consisted of 
a dimethylhydrogensiloxy-terminated poly[dimethylsilox 
ane-co-(methylhydrogensiloxane)] having the formula 
HMeZSiO(Me2SiO)54(HMeSiO)51 SiMe2H, as determined 
by 29Si NMR. 

Example 2 

[0115] l-Octene (43.33 g, 0.39 mol) and 47.94 g (0.39 mol) 
of 4-vinyl-1-cyclohexene 1,2-epoxide Were combined in a 
?ask equipped With an agitator, thermometer, and addition 
funnel. The mixture Was heated to 70° C. and 3.83 g of 
platinum (0.5%) on alumina Was added to the ?ask. The 
dimethylhydrogensiloxy-terminated poly[dimethylsiloxane 
co-(methylhydrogensiloxane)] of Example 1 (100 g, 0.77 mol 
silicon-bonded hydrogen atoms) Was added to the mixture at 
such a rate as to keep the temperature beloW 100° C. The 
progress of the reaction Was monitored by periodically With 
draWing an aliquot of the mixture for FT-IR analysis. When 
the SiiH absorption at 2100-2200 cm-1 Was no longer evi 
dent, the mixture Was alloWed to cool to room temperature. 
The mixture Was ?ltered through a membrane (1 pm) to 
remove the catalyst, and the ?ltrate Was passed through a 
Pope Wiped-Film Still at a temperature of 1200 C. and pres 
sure of 0.05 mm Hg (6.7 Pa) to give an epoxy-functional 
polysiloxane having the formula: 

Me Me Me 

| 
CHZCHZ 

0 

Me C8H17 

Where R is 4C8H17 or 

O 

m is 54, n is 27, and p is 24, as determined by 29Si NMR. In 
the preceding formula the subscripts m, n, and p denote mole 
fractions, Which are based on the total number of moles of 
repeat (non-terminal) siloxane units in the polysiloxane. The 
polysiloxane Was obtained as a colorless ?uid having a refrac 
tive index, 1120B of 1.4537 and a viscosity of 419 cS (419 
m2). 

a 

Example 3 

[0116] 
mula: 

An epoxy-functional polysiloxane having the for 

Me Me Me 

RMe2SiO(SiO)m— (SiO)n— (SiO)pSiMe2R 

0 
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Where R is 4C8H17 or 

O 

m is 54, n is 36, and p is 15, as determined by 29Si NMR, Was 
prepared according to the method of Example 2, except 69.81 
g (0.62 mol) of 1 -octene and 23.41 g (0.1885 mol) of4-vinyl 
1-cyclohexene 1,2-epoxide Were used in the reaction. In the 
preceding formula the subscripts m, n, and p denote mole 
fractions, Which are based on the total number of moles of 
repeat (non-terminal) siloxane units in the polysiloxane. The 
polysiloxane Was obtained as an colorless ?uid having a 
refractive index, 1120B, of 1.4689 and a viscosity of 578 cS 
(578 mm2/ s). 

a 

Example 4 

[0117] The epoxy-functional polysiloxane of Example 3 
(25 g) Was thoroughly mixed With 25 g of 1,1,3,3-tetram 
ethyl-1 ,3-bis[2-(7-oxabicyclo [4.1 .0]hept-3 -yl)ethyl]disilox 
ane [CAS No. 18724-32-8] . A portion (3 g) of the mixture Was 
combined With 0.003 g of a solution of 10% (W/W) of (4-lso 
propylphenyl)(4 -methylphenyl)iodonium tetrakis(penta?uo 
rophenyl) borate [CAS No. 47855-94-7] in dichloromethane. 
The resulting composition Was uniformly applied to a Te?on 
substrate using a metering rod to form a ?lm having a thick 
ness of 60 um. The ?lm Was exposed to ultraviolet radiation at 
a dose of 300 mJ/cm2 to cure the polysiloxane. The cured 
polysiloxane Was peeled aWay from the Te?on substrate to 
give a cured free-standing ?lm having a transmittance of 
85.4% at 248 nm, a refractive index@632.8 nm:1.474, and a 
refractive index@1554 nm:1.464. 

Example 5 

[0118] A cured polysiloxane ?lm Was prepared as 
described in example 4, except the composition contained 
0.015 g of a 10% (W/W) solution of lodonium-[4-(1-methyl 
ethyl)phenyl] [4 -methylphenyl]tetrakis(penta?uorophenyl)] 
borate in dichloromethane, and the dosage of ultraviolet 
radiation Was 100 mJ/cm2. The free-standing cured polysi 
loxane ?lm had a transmittance of 72.3% at 248 nm. 

That Which is claimed is: 
1. An epoxy-functional polysiloxane having the formula: 

wherein R1 is C1 to C3 alkyl or phenyl; R4 is 4CH2i 
CHR2R3, Wherein R2 is C2 to C10 hydrocarbyl free of ali 
phatic unsaturation and R3 is R1 or H; R6 is 4CH2i 
CHR3R5, Wherein R5 is an epoxy group; R7 is R1, R4, or R6; 
m is from 0.1 to 0.9; n is from 0.1 to 0.5; p is from 0.1 to 0.6; 
and m+n+p:1. 

2. An epoxy-functional polysiloxane having the formula: 

($iO4/2)Z 

wherein R1 is C1 to C3 alkyl or phenyl; R4 is 4CH2i 
CHR2R3, Wherein R2 is C2 to C10 hydrocarbyl free of ali 
phatic unsaturation and R3 is R1 or H; R6 is 4CH2i 
CHR3R5, Wherein R5 is an epoxy group; R7 is R1, R4, or R6; 
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V is from 0 to 0.5; W is from 0.1 to 0.9; x is from 0.1 to 0.7; y 
is from 0.1 to 0.5; Z is from 0 to 0.5; and V+W+X+y+Z:l. 

3. A silicone composition, comprising: 
(A) a polysiloxane selected from (i) at least one7 epoxy 

functional polysiloxane having the formula R RIZSiO 
(R12SiO)m(R1R“SiO)n(RlR6SiO)PSiRl2R7 (1), (ii) at 
least one epoxy-functional polysiloxane having the for 
mula (R7RlZSiOI/2)v(Rl2Si02/2)w(R4SiO3/2)x(R6SiO3/ 
2)y(SiO4/2)Z (II), and (iii) a mixture comprising (i) and 
(ii), wherein R1 is C1 to C3 alkyl or phenyl, R4 is 
4CH24CHR2R3, Wherein R2 is C2 to C10 hydrocarbyl 
free of aliphatic unsaturation and R3 is R1 or H, R6 is 
4CH24CHR3R5, Wherein R5 is an epoxy group, R7 is 
R1, R4, or R6, m is from 0.1 to 0.9, n is from 0.1 to 0.5, 
p is from 0.1 to 0.6, m+n+p:l, V is from 0 to 0.5, W is 
from 0.1 to 0.9, x is from 0.1 to 0.7, y is from 0.1 to 0.5, 
Z is from 0 to 0.5, and V+W+X+y+Z:l, and 

(B) a cationic photoinitiator. 
4. A cured polysiloxane prepared by exposing the silicone 

composition according to claim 3 to ultraviolet radiation. 
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5. A coated optical ?ber comprising: 
an optical ?ber comprising a glass ?ber core and a cladding 

surrounding the core, Wherein the cladding has a refrac 
tive index less than the refractive index of the core; and 

a silicone coating surrounding the optical ?ber, Wherein the 
coating comprises a cured polysiloxane prepared by 
applying the silicone composition of the present inven 
tion on the optical ?ber to form a ?lm and exposing the 
?lm to ultraviolet radiation. 

6. A method of preparing a coated optical ?ber, the method 
comprising the steps of: 

applying the silicone composition of the instant invention 
on an optical ?ber to form a ?lm, Wherein the optical 
?ber comprises a glass ?ber core and a cladding sur 
rounding the core and the cladding has a refractive index 
less than the refractive index of the core; and 

exposing the ?lm to ultraviolet radiation to form a silicone 
coating. 

7. The method according to claim 6, further comprising 
Writing at least one Bragg grating in the glass ?ber core. 

* * * * * 


