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(57) ABSTRACT 

The invention includes a composition for an optical ?ber 
coating. An inventive composition includes a non-thiol 
functional adhesion promoter and less than about 0.5 pph of 
a strength additive containing a thiol functional group. The 
invention further includes an optical ?ber coated With the 
inventive composition. A second inventive composition 
includes a photo-polymeriZable composition Which contains 
an adhesion promoter and a non- silicon containing strength 
additive containing at least about one thiol functional group. 
A third inventive composition includes a photo-polymeriz 
able composition Which has a silane containing adhesion 
promoter and a strength additive containing at least about 
one halide functional group. The invention also includes an 
optical ?ber coated With the inventive coating and methods 
of making an optical ?ber including the inventive coating. 
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FIG. 1 
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FIG. 2 
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FIG. 5 
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FIG. 8 
Relative Cure Speed as a Function of 

Mercaptopropyltrimethoxysilane Concentration 
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FIG. 11 
Plot of relative peak intensity of the four major 

Bis-silane isomers as a function of reaction time 
in THF, water and acid. 
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I denote Bis-silane solution (control) and * denotes Bis-silane with 
Mercapto-silane solution (test), respectively. Solid curves represent 
?rst-order exponential decay ?ts to the experimental data. 
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FIG. 12 
Total Bis-silane concentrations for coating 122 (control coating), 
as determined by 29Si NMR measurements as 25, 35, and 60 °C. 
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FIG. 13 
Total Bis-silane levels in coating 124 (test coating) as determined by 

in-situ 29 Si MAS NMR measurements at 25, 35 and so "c. 
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OPTICAL FIBER COATING COMPOSITIONS 

RELATED APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/275,421, ?led Mar. 13, 
2001, and No. 60/315,857, ?led Aug. 29, 2001, Which is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to optical 
?bers (hereinafter ?ber), and particularly to ?ber coatings. 

[0004] 2. Technical Background 

[0005] Fiber has acquired an increasingly important role in 
the ?eld of telecommunications, frequently replacing exist 
ing copper Wires. This trend has had a signi?cant impact in 
all areas of telecommunications, Which has seen a vast 
increase in the usage of ?ber. Further increases in the use of 
?ber is at least foreseen in local loop telephone and cable TV 
service, as local ?ber netWorks are established to deliver 
ever greater volumes of information in the form of data, 
audio, and video signals to residential and commercial users. 
In addition, use of ?ber in home and commercial business 
environments for internal data, voice, and video communi 
cations has begun and is expected to increase.Fibers typi 
cally contain a glass core and at least tWo coatings, eg a 
primary (inner) coating and a secondary (outer) coating. The 
primary coating is applied directly to the glass ?ber and, 
When cured, forms a soft, elastic, and compliant material 
Which encapsulates the glass ?ber. The primary coating 
serves as a buffer to cushion and protect the glass ?ber core 
When the ?ber is bent, cabled, or spooled. The secondary 
coating is applied over the primary coating and functions as 
a tough, protective outer layer that prevents damage to the 
glass ?ber during processing and use. 

[0006] Corrosion of the glass surface of the optical ?ber 
Will lead to degradation of the optical ?ber strength and may 
even cause the optical ?ber to break. AknoWn cause of the 
corrosion is a base compound (compounds having a pH of 
greater than about 7.0 eg a hydroxide ion) reacting With the 
glass surface. The base may be generated from the environ 
ment Which the optical ?ber is employed, hoWever, the 
potential source of the base is not limited to the environ 
ment. A need exists to improve ?ber strength and also to 
prevent the base from causing the glass surface of the optical 
?ber to corrode. 

SUMMARY OF THE INVENTION 

[0007] One aspect of the invention relates to an optical 
?ber coating composition. The composition includes a non 
thiol functional adhesion promoter and less than about 0.5 
pph of a strength additive containing a thiol functional 
group. This aspect of the invention also includes a coated 
optical ?ber Which includes the ?ber coated With the afore 
mentioned inventive coating composition. Another aspect of 
the invention relates to a method of manufacturing an optical 
?ber. The method includes draWing an optical ?ber from a 
sintered preform and coating the ?ber With an optical ?ber 
coating comprising of a non-thiol functional adhesion pro 
moter and less than about 0.5 pph of a strength additive 
containing a thiol functional group. 

Apr. 24, 2003 

[0008] An additional aspect of the invention relates to an 
optical ?ber coating Which includes a photo-polymeriZable 
composition containing a silane adhesion promoter and a 
non-silicon containing strength additive having at least 
about one thiol functional group. A further aspect of the 
invention relates to an optical ?ber coating Which includes 
a photo- polymeriZable composition Which includes prefer 
ably a silane containing adhesion promoter and a strength 
additive having at least one halide containing compound. 

[0009] An optical ?ber coated With the inventive compo 
sition has exhibited the advantage of superior strength 
retention, also the coated ?ber has exhibited more resistant 
to Wet environments than ?bers coated With traditional 
coatings. The coated ?ber has demonstrated excellent per 
formance in impeding the migration of a base from coming 
in contact With the glass surface of the coated ?ber. 

[0010] Also, the ?ber coated With the inventive coating 
exhibited good ?ber performance characteristics such as 
good ribbon strippability, satisfactory attenuation losses, and 
satisfactory tensile properties such as Young’s modulus. 
Furthermore, the inclusion of the inventive strength additive 
in the coating composition did not signi?cantly inhibit the 
cure rate of the coating composition. Additionally, the 
inventive coating has exhibited an improved shelf life, 
increased adhesion promoter activity, improved reduction in 
attenuation, improved microbend resistance, and greater 
temperature stability. 

[0011] Additional features and advantages of the invention 
Will be set forth in the detailed description Which folloWs, 
and in part Will be readily apparent to those skilled in the art 
from that description or recogniZed by practicing the inven 
tion as described herein, including the detailed description 
Which folloWs, the claims, as Well as the appended draWings. 

[0012] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are merely exemplary of the invention, and are intended to 
provide an overvieW or frameWork for understanding the 
nature and character of the invention as it is claimed. The 
accompanying draWings are included to provide a further 
understanding of the invention, and are incorporated in and 
constitute a part of this speci?cation. The draWings illustrate 
various embodiments of the invention, and together With the 
description serve to explain the principles and operation of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a cross sectional vieW of a coated optical 
?ber. 

[0014] FIG. 2 is a partial schematic cross sectional vieW 
of the process of draWing and coating an optical ?ber in 
accordance With the invention. 

[0015] FIGS. 3 and 4 are plots of the ?ber strength for 
aged ?bers With a varying amount of strength additive in 
combination With a particular concentration of a particular 
adhesion promoter. 

[0016] FIGS. 5-7 are plots of Young’s Modulus as a 
function of concentration of a particular strength additive. 

[0017] FIGS. 8-10 are plots of the relative cure speed 
(%/second) as a function of concentration of a particular 
strength additive. 
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[0018] FIG. 11 is a plot of the relative peak intensity of 
four (4) major adhesion promoter isomers as a function of 
reaction time for a control solution and a test solution. 

[0019] FIGS. 12-13 are plots of unreacted adhesion pro 
moter in a coating formulation in terms of hours. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, an eXample of 
Which is illustrated in the accompanying draWings. Wher 
ever possible, the same reference numbers Will be used 
throughout the draWings to refer to the same or like parts. An 
exemplary embodiment of the optical ?ber coating of the 
present invention is shoWn in FIG. 1, and is designated 
generally throughout by reference numeral 10. 

[0021] The invention includes a composition for coating 
an optical ?ber. The inventive composition is preferably a 
photo-polymeriZable composition Which includes an adhe 
sion promoter as described beloW and preferably less than 
about 0.5 pph of a strength additive Which includes at least 
about one thiol functional group. Preferably the adhesion 
promoter does not contain a thiol functional group. More 
preferably, the strength additive is an organic compound and 
preferably includes at least one element from the group of 
elements consisting of C, H, N, O, Si, P, F, Cl, Br, I, Ti, Zr, 
S and miXtures thereof, in addition to the S element of the 
thiol functional group. Most preferably, the organic strength 
additive is an alkyl thiol compound. The strength additive 
may be a thiol functional compound that is substantially 
devoid of silicon. 

[0022] Preferably, the alkyl thiol comprises at least one 
compound selected from the folloWing group of compounds 
consisting of methane thiol, ethane thiol, heXane thiol, 
dodecane thiol, octadecane thiol, a cysteine derivative, a 
multi-functional thiol, a thiol silane, thiol-functional 
polysul?des, and miXtures thereof. 

[0023] EXamples of speci?c preferred strength additive 
compounds includes at least one compound selected from 
the group of compounds consisting of N-(tert butoXy car 
bonyl)-L-cysteine methyl ester, pentaerythritol tetrakis 
(3-mercaptopropionate), 3-mercaptopropyltriethoXy silane, 
3-mercaptopropyltrimethoXy silane, (commercially avail 
able from United Chemical Technologies of Bristol, Pa.) 
dodecylmercaptan, tert-dodecylmercaptan, (commercially 
available from Aldrich of Milwaukee, Wis.) and miXtures 
thereof. 

[0024] Preferably, the thiol functional strength additive is 
present in the composition in a concentration of at least 
about 0.01 pph and optionally up to less than about 0.5 pph, 
more preferably about 0.1 pph to about 0.4 pph, and most 
preferably about 0.3 pph. Maintaining the concentration of 
the thiol functional strength additive to less than about 0.5 
pph has been found to not inhibit the cure speed of the 
inventive composition to a signi?cant eXtent or degrade the 
tensile properties of the coating once the coating is applied 
to an optical ?ber and cured. HoWever, the thiol functional 
strength additive devoid of silicon is not limited to less than 
about 0.5 pph, e.g. pentaerythritol tetrakis (3-mercaptopro 
pionate). 
[0025] Additional strength additives have the general for 
mula RX Where R is an organic group and X is a group that 
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may be ioniZed When the strength additive, RX, undergoes 
a nucleophilic reaction (either substitution or addition). 
Preferable eXamples of X include ?uorine, chlorine, bromine 
and iodine. 

[0026] EXemplary strength additives of RX include alkyl 
halides, haloalkyl-alkoXy silanes, halo aryl-alkyl silanes, 
and halo-alkylsilanes. Preferably halides include any of the 
knoWn elements of column VII A of the Periodic Chart of 
Elements. Preferable compounds include chloro-octane, 
chloro-propyltriethoXy silane, and chloro-propyltrimethoXy 
silane. Optionally, the alkyl-halides may be devoid of sili 
con. The alkyl-halide, halo alkyl-alkoXy silanes, halo aryl 
alkyl silanes, and halo-alkylsilane strength additives may be 
used in a concentration of more than about 0.5 pph, unlike 
the aforementioned thiol functional strength additives. A 
chloro group is an eXample of a preferred halo group. 

[0027] Preferably the strength additive is not a base com 
pound, more preferably the strength additive is devoid of an 
amine functional group. It is also preferred that the strength 
additive is not a chain transfer agent. A chain transfer is a 
chain terminating reaction. A chain transfer agent interrupts 
the groWth of molecule chain by the formation of a neW 
radical. Achain transfer agent has detrimental effects on the 
coating that can include changing the rate of cure of the 
coating and changing the tensile properties of the coating by 
changing the coating netWork. Typically, the chain transfer 
agent Will reduce the rate of cure of the coating. As for the 
change in tensile properties, the strength additive Will 
change the Young’s modulus of the cured coating by less 
than about 30%, preferably less than about 25%, more 
preferably less than about 20%, and most preferably less 
than about 15%. 

[0028] In one embodiment of the invention, preferably the 
strength additive acts as a Water scavenger. Preferably the 
strength additive comprises a silane containing compound 
and the strength additive has a faster rate of reaction With 
residual Water in the coating formulation than the rate of 
reaction of a reaction betWeen the adhesion promoter and 
residual Water in the coating formulation. Any eXample of 
the hydrolysis of preferred strength additive is shoWn beloW. 

(i) 
H3C 

(ii) 

[0029] The above chemical reaction is a schematic shoW 
ing the hydrolysis and (ii) condensation chemistry of a 
generic trimethoXy silane. The R-group denotes any organic 
functionality, such as a long-chain or cyclic hydrocarbon. 
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[0030] As shown, the methoxy groups react ?rst With 
Water in the coating formulation. Subsequently, the hydroxyl 
group Will react With other silanols present in the formula 
tion. By Way of example, the coating formulation could 
include a bis-silane adhesion promoter and a mercapto 
silane strength additive. The mercapto-silane strength addi 
tive Would react With the Water in the coating at least as fast, 
preferably faster, than the bis-silane adhesion promoter. 

[0031] One method to determine if a molecule is a Water 
scavenger is to compare the reactivity of the molecule With 
Water to the reactivity of the adhesion promoter With Water. 
Solution chemistry may be used to compare the reactivity of 
the molecule With Water relative to the reactivity of the 
adhesion promoter With Water. A solution of the adhesion 
promoter and a solvent is prepared as Well as at least one of 
the tWo folloWing solutions (1) a solution of the molecule 
and the same solvent, or (2) a solution of the molecule, the 
adhesion promoter, and the solvent. An aliquot of Water and 
acid is added to both of the solutions to initiate the hydroly 
sis reaction. The aliquot should be the same for each 
solution. 

[0032] Gas chromatography/mass spectrometry tech 
niques may be used to determine the reactivity of molecule 
and the adhesion promoter relative to an internal standard as 
a function of time. An example of a suitable internal 
standard is cyclo-hexyl-phenylketone. The peak intensity of 
the adhesion promoter and the molecule relative to the 
internal standard is determined periodically over a pre 
determined time period. In determining the peak intensity, 
the concentration of the adhesion promoter or the molecule 
in the solution is determined as a function of time as the 
adhesion promoter or the molecule reacts With the Water in 
the solution. 

[0033] For the molecule to act as a Water scavenger, the 
rate of reaction betWeen Water and the molecule must be 
equal to or greater than that of the rate of reaction betWeen 
Water and the adhesion promoter. In order to reduce the 
overall rate of reaction betWeen the adhesion promoter and 
Water, the molecule must effectively loWer the Water con 
centration by reacting With the Water, thereby reducing the 
amount of Water available to react With the adhesion pro 
moter. 

[0034] A non-exhaustive list of examples of strength addi 
tives that act as a Water scavenger Will include thiol func 
tional silanes, amino-silanes, and combinations thereof. 

[0035] Preferably, the aforementioned inventive coating 
composition is applied to an optical ?ber as the primary 
(inner) coating. HoWever, the invention is not limited a 
primary coating. 
[0036] NoW referring to the draWings, shoWn in FIG. 1 is 
a cross sectional vieW of a coated optical ?ber 10. Referring 
to FIG. 1, the optical ?ber 10 includes a glass core 12, a 
cladding layer 14 surrounding and adjacent to glass core 12, 
a primary coating material 16 Which adheres to cladding 
layer 14, and one or more secondary (outer) coating mate 
rials 18 surrounding and adjacent to the primary coating 
material 16. The components of the optical ?ber of the 
present invention can optionally include a coloring material, 
such as a pigment or dye, or an additional colored ink 
coating may surround coating 18. 

[0037] Any conventional material can be used to form 
glass core 12, such as those described in US. Pat. No. 
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4,486,212 to Berkey, Which is hereby incorporated by ref 
erence. The core is typically a silica glass having a cylin 
drical cross section and a diameter ranging from about 5 to 
about 10 pm for single-mode ?bers and about 20 to about 
100 um for multi-mode ?bers. The core can optionally 
contain varying amounts of other material such as, e.g., 
oxides of titanium, thallium, germanium, and boron, Which 
modify the core’s refractive index. Other dopants Which are 
knoWn in the art can also be added to the glass core to 
modify its properties. 

[0038] Cladding layer 14 preferably has a refractive index 
Which is less than the refractive index of the core. Avariety 
of cladding materials, both plastic and glass (e.g., silicate 
and borosilicate glasses) are used in constructing conven 
tional glass ?bers. Any conventional cladding materials 
knoWn in the art can be used to form cladding layer 14 in the 
optical ?ber of the present invention. 

[0039] A preferred type of ?ber is single mode ?ber 
(having a core diameter of less than about 10 pm) With a 
large effective area, eg LEAF®, from Corning, Incorpo 
rated of Corning, NY. 

[0040] Fiber De?nitions 

[0041] The effective area is 

[0042] Aeff=2rc(]E2 r dr)2/(]E4 r dr), Where the 
integration limits are 0 to O0, and E is the electric ?eld 
associated With light propagated in the Waveguide. 
An effective diameter, Deff, may be de?ned as, 

[0043] By large effective area, We mean that the effective 
area of the ?ber is greater than about 60 pm2, more 
preferably the effective area of the ?ber is greater than about 
65 pm2, and most preferably the effective area of the ?ber 
is greater than 70 pm2. It is possible and preferable to have 
a ?ber With an effective area of greater than about 80 to 90 
pm2. 

[0044] The relative refractive index percent, A%=100>< 
(ni2—nc2)/2m2, Where ni is the maximum refractive index in 
region i, unless otherWise speci?ed, and nc is the average 
refractive index of the cladding region unless otherWise 
speci?ed. 

[0045] The term ot-pro?le refers to a refractive index 
pro?le, expressed in terms of A(b)%, Where b is radius, 
Which folloWs the equation, A(b)%=A(bo)(1-[|b-bo|]/(b1 
bO)](X), Where bo is the point at Which A(b)% is maximum, 
b1 is the point at Which A(b)% is Zero, and b is in the range 
bi<b<bf, Where delta is de?ned above, bi is the initial point 
of the ot-pro?le, bf is the ?nal point of the ot-pro?le, and 0t 
is an exponent Which is a real number. The initial and ?nal 
points of the ot-pro?le are selected and entered into the 
computer model. As used herein, if an ot-pro?le is preceded 
by a step index pro?le or any other pro?le shape, the 
beginning point of the ot-pro?le is the intersection of the 
ot-pro?le and the step pro?le or other pro?le. 

[0046] The above coating components of an adhesion 
promoter or a strength additive are preferably incorporated 
into coating 16. HoWever, the adhesion promoter or the 
strength additive may also be incorporated into coating 18 or 
an ink layer instead of coating 16, or in any combination of 
coatings 16, 18 and the ink layer. In an alternate embodi 
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ment, the strength additive and the adhesion promoter are 
incorporated into a single coating that is applied to an optical 
?ber. Coatings 16 and 18 are not thermoplastics. Nor do 
coatings 16 and 18 exhibit the properties of a thermoplastic 
resin, that the resin may be reversibly heated, melted, and 
reformed. Coatings 16 and 18 are typically crosslinked 
coatings. A preferred component of the primary coating 
composition of the present invention is an oligomer. Pref 
erably the oligomer is an ethylenically unsaturated oligomer, 
more preferably a (meth)acrylate oligomer. By (meth)acry 
late, it is meant an acrylate or a methacrylate. The (meth 
)acrylate terminal groups in such oligomers may be provided 
by a monohydric poly(meth)acrylate capping component, or 
by a mono(meth)acrylate capping component such as 2-hy 
droXyethyl acrylate, in the knoWn manner. It is also pre 
ferred that the oligomer is capable of participating in addi 
tion polymeriZation. It is further preferred that the oligomer 
includes at least one urethane functional group. It is addi 
tionally preferred that the oligomer does not include a thiol 
functional group. 

[0047] Urethane oligomers are conventionally provided 
by reacting an aliphatic or aromatic diisocyanate With a 
dihydric polyol based on a polyether, a polyester, or a 
hydrocarbon, most typically a polyoXyalkylene glycol such 
as a polyethylene glycol. Such oligomers typically have 
4-10 urethane groups and may be of high molecular Weight, 
e.g., 2000-8000. High molecular Weight oligomers, With 
molecular Weights as high as 15000, may also be used. 
HoWever, loWer molecular Weight oligomers, having 
molecular Weights in the 500-2000 range, may also be used. 
US. Pat. No. 4,608,409 to Coady et al. and US. Pat. No. 
4,609,718 to Bishop et al., the speci?cations of Which are 
hereby incorporated by reference, describe such syntheses of 
the oligomers in detail. 

[0048] When it is desirable to employ moisture-resistant 
oligomers, they may be synthesiZed in an analogous manner, 
eXcept that the polar polyether or polyester glycols are 
avoided in favor of predominantly saturated and predomi 
nantly nonpolar aliphatic diols. These diols include, for 
eXample, alkane or alkylene diols of from 2-250 carbon 
atoms and, preferably, are substantially free of ether or ester 
groups. The ranges of oligomer viscosity and molecular 
Weight obtainable in these systems are similar to those 
obtainable in unsaturated, polar oligomer systems, such that 
the viscosity and coating characteristics thereof can be kept 
substantially unchanged. The reduced oXygen content of 
these coatings has been found not to unacceptably degrade 
the adherence characteristics of the coatings to the surfaces 
of the glass ?bers being coated. 

[0049] Polyurea components may be incorporated in oli 
gomers prepared by these methods, simply by substituting 
diamines or polyamines for diols or polyols in the course of 
synthesis. The presence of minor proportions of polyurea 
components in the present coating systems is not considered 
detrimental to coating performance, provided only that the 
diamines or polyamines employed in the synthesis are 
sufficiently non-polar and saturated as to avoid compromis 
ing the moisture resistance of the system. 

[0050] Thus, it is desirable for the primary coating com 
position of the present invention to contain at least one 
ethylenically unsaturated oligomer, although more than one 
oligomer component can be introduced into the composi 
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tion. Preferably, the oligomer(s) is present in an amount 
betWeen about 10 to about 90 percent by Weight, more 
preferably betWeen about 35 to about 75 percent by Weight, 
and most preferably betWeen about 40 to about 65 percent by 
Weight. 

[0051] Suitable ethylenically unsaturated oligomers for 
primary coatings include polyether urethane acrylate oligo 
mers (e.g., CN986 available from Sartomer Company, Inc., 
(West Chester, Pa.)) and BR3731 and STC3-149 available 
from Bomar Specialty Co. (Winstead, Conn.)), acrylate 
oligomers based on tris(hydroXyethyl)isocyanurate, (avail 
able from Sartomer Company, Inc.), (meth)acrylated acrylic 
oligomers, (available from Cognis (Ambler, Pa.), polyester 
urethane acrylate oligomers (e.g., CN966 and CN973 avail 
able from Sartomer Company, Inc. and BR7432 available 
from Bomar Specialty Co.), polyurea urethane acrylate 
oligomers (e.g., oligomers disclosed in US. Pat. Nos. 4,690, 
502 and 4,798,852 to Zimmerman et al., US. Pat. No. 
4,609,718 to Bishop, and US. Pat. No. 4,629,287 to Bishop 
et al.), polyether acrylate oligomers (e.g., Genomer 3456 
available from Rahn AG (Zurich, SWitZerland), polyester 
acrylate oligomers (e.g., Ebecryl 80, 584, and 657 available 
from UCB Radcure (Atlanta, Ga.)), polyurea acrylate oli 
gomers (e.g., oligomers disclosed in US. Pat. Nos. 4,690, 
502 and 4,798,852 to Zimmerman et al., US. Pat. No. 
4,609,718 to Bishop, and US. Pat. No. 4,629,287 to Bishop 
et al., the speci?cations of Which are hereby incorporated by 
reference), epoXy acrylate oligomers (e.g., CN120 available 
from Sartomer Company, Inc., and Ebecryl 3201 and 3604 
available from UCB Radcure), hydrogenated polybutadiene 
oligomers (e.g., Echo Resin MBNX available from Echo 
Resins and Laboratory (Versailles, Mo.)), and combinations 
thereof. 

[0052] Furthermore, the coating compositions of the 
invention Will typically include at least one monomer com 
ponent. Preferably, the monomer is an ethylenically unsat 
urated monomer, more preferably a (meth)acrylate mono 
mer. Generally, suitable monomers are those for Which the 
resulting homopolymer Would have a glass transition tem 
perature (Tg) of at most about 20° C., preferably at most 
about 10° C. Generally, a loWer molecular Weight (i.e., 
preferably less than about 2000, more preferably about 120 
to 600) liquid (meth)acrylate-functional monomer is added 
to the formulation to provide the liquidity needed to apply 
the coating composition With conventional liquid coating 
equipment. Typical acrylate-functional liquids in these sys 
tems include monofunctional and polyfunctional acrylates 
(i.e., monomers having tWo or more acrylate functional 
groups). Illustrative of these polyfunctional acrylates are the 
difunctional acrylates, Which have tWo functional groups; 
the trifunctional acrylates, Which have three functional 
groups; and the tetrafunctional acrylates, Which have four 
functional groups. Monofunctional and polyfunctional 
methacrylates may also be employed. 

[0053] When it is desirable to utiliZe moisture-resistant 
components, the monomer component Will be selected on 
the basis of its compatibility With the selected moisture 
resistant oligomer. For satisfactory coating compatibility 
and moisture resistance, it is desirable to use a liquid 
acrylate monomer component comprising a predominantly 
saturated aliphatic mono- or di-acrylate monomer or alkoXy 
acrylate monomers. 
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[0054] Thus, it is desirable for the primary coating com 
position to contain at least one ethylenically unsaturated 
monomer, although more than one monomer can be intro 
duced into the composition. Preferably, the ethylenically 
unsaturated monomer is present in an amount betWeen about 
10 to about 90 percent by Weight, more preferably betWeen 
about 20 to about 60 percent by Weight, and most preferably 
betWeen about 25 to about 50 percent by Weight. 

[0055] Suitable ethylenically unsaturated monomers 
include lauryl acrylate (e.g., SR335 available from Sartomer 
Company, Inc., Age?eX FA12 available from CPS Chemical 
Co. (Old Bridge, N.J.), and Photomer 4812 available from 
Cognis f.k.a. Henkel (Ambler, Pa.)), ethoXylatednonylphe 
nol acrylate (e.g., SR504 available from Sartomer Company, 
Inc. and Photomer 4003 available from Cognis), caprolac 
tone acrylate (e.g., SR495 available from Sartomer Com 
pany, Inc., and Tone M100 available from Union Carbide 
Company (Danbury, Conn.)), phenoXyethyl acrylate (e.g., 
SR339 available from Sartomer Company, Inc., Age?eX 
PEA available from CPS Chemical Co., and Photomer 4035 
available from Cognis), isooctyl acrylate (e.g., SR440 avail 
able from Sartomer Company, Inc. and Age?eX FA8 avail 
able from CPS Chemical Co.), tridecyl acrylate (e.g., SR489 
available from Sartomer Company, Inc.), phenoXyglycidyl 
acrylate (e.g., CN131 available from Sartomer Company, 
Inc.), lauryloXyglycidyl acrylate (e.g., CN130 available 
from Sartomer Company, Inc.), isobomyl acrylate (e.g., 
SR506 available from Sartomer Company, Inc. and Age?eX 
IBOA available from CPS Chemical Co.), tetrahydrofurfuryl 
acrylate (e.g., SR285 available from Sartomer Company, 
Inc.), stearyl acrylate (e.g., SR257 available from Sartomer 
Company, Inc.), isodecyl acrylate (e.g., SR395 available 
from Sartomer Company, Inc. and Age?eX FA10 available 
from CPS Chemical Co.), 2-(2-ethoXyethoXy)ethyl acrylate 
(e.g., SR256 available from Sartomer Company, Inc.), and 
combinations thereof. 

[0056] Optical ?ber coating compositions may also con 
tain a polymeriZation initiator Which is suitable to cause 
polymeriZation (i.e., curing) of the composition after its 
application to a glass ?ber. PolymeriZation initiators suitable 
for use in the primary coating compositions of the present 
invention include thermal initiators, chemical initiators, 
electron beam initiators, and photoinitiators. Particularly 
preferred are the photoinitiators. For most acrylate-based 
coating formulations, conventional photoinitiators, such as 
the knoWn ketonic photoinitiating and/or phosphine oXide 
additives, are preferred. When used in the compositions of 
the present invention, the photoinitiator is present in an 
amount sufficient to provide rapid ultraviolet curing. Gen 
erally, this includes betWeen about 0.5 to about 10.0 percent 
by Weight, more preferably betWeen about 1.5 to about 7.5 
percent by Weight. 

[0057] The photoinitiator, When used in a small but effec 
tive amount to promote radiation cure, must provide rea 
sonable cure speed Without causing premature gelation of 
the coating composition. Adesirable cure speed is any speed 
sufficient to cause substantial curing of the coating materials. 
As measured in a dose versus modulus curve, a cure speed 
for coating thickness’ of about 25-35 pm is, e.g., less than 
1.0 J/cm2, preferably less than 0.5 J/cm2. 

[0058] Suitable photoinitiators include a blend of 1-hy 
droXycycloheXylphenyl ketone and bis(2,6-dimethoXyben 
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Zoyl)-2,4,4-trimethylpentylphosphine oXide (Irgacure 1850, 
available from Ciba Specialty Chemical (TarrytoWn, N.Y.)), 
1-hydroXycycioheXylphenyl ketone (e.g., Irgacure 184 
available from Ciba Specialty Chemical (Hawthorne, NY), 
(2,6-dimethoXybenZoyl)-2,4,4-trimethylpentyl phosphine 
oXide (e.g., commercial blends Irgacure 1800, 1850, and 
1700 available from Ciba Specialty Chemical), 2,2 
dimethoXyl-2-phenyl acetophenone (e.g., Irgacure 651, 
available from Ciba Specialty Chemical), bis(2,4,6-trim 
ethyl benZoyl)phenyl-phosphine oXide (Irgacure 819), (2,4, 
6-trimethylbenZoyl)diphenyl phosphine oXide (Lucerin 
TPO, available from BASF (Munich, Germany)), ethoXy 
(2,4,6-trimethylbenZoyl)phenyl phosphine oXide (Lucerin 
TPO-L from BASF), and combinations thereof. 

[0059] As used herein, the Weight percent of a particular 
component in coating 16, coating 18, or the ink refers to the 
amount introduced into the bulk composition eXcluding the 
adhesion promoter and other additives. The amount of 
adhesion promoter and various other additives that are 
introduced into the bulk composition to produce a compo 
sition of the present invention is listed in parts per hundred. 
For eXample, an oligomer, monomer, and photoinitiator are 
combined to form the bulk composition such that the total 
Weight percent of these components equals 100 percent. To 
this bulk composition, an amount of adhesion promoter, for 
eXample 1.0 part per hundred, is introduced in eXcess of the 
100 Weight percent of the bulk composition. 

[0060] The coating composition may also include an adhe 
sion promoter. It is preferred that the adhesion promoter 
includes a compound containing a cyclic structure inter 
posed betWeen at least tWo reactive silanes Which are 
independently an alkoXysilane or a halosilane. It is further 
preferred that the adhesion promoter does not include a thiol 
functional group. 

[0061] The cyclic structure can be a hydrocarbon cyclic 
structure or a heterocyclic structure or a combination 

thereof. Hydrocarbon cyclic structures and heterocyclic 
structures can be single-ring, fused-ring, or multi-ring struc 
tures, With or Without hydrocarbon or hetero-substituents. 
Suitable hydrocarbon cyclic structures include, but are not 
limited to, cycloalkanes, preferably containing betWeen 3 to 
10, more preferably 5 to 6 carbon atoms per cyclic structure; 
cycloalkenes, preferably containing betWeen 3 to 10, more 
preferably 5 to 6 carbon atoms per cyclic structure; 
cycloalkyldienes, preferably containing betWeen 3 to 10, 
more preferably 5 to 6 carbon atoms per cyclic structure; 
substituted aliphatic rings; aromatic rings; and substituted 
aromatic rings. Preferably the hydrocarbon cyclic structure 
is an aromatic ring or a substituted aromatic ring. Exemplary 
hydrocarbon cyclic structures include, but are not limited to, 
benZene, naphthalene, cycloheXane, cycloheXene, etc. Suit 
able heterocyclic structure include those Which contain 
oXygen, nitrogen, sulfur, or phosphorous hetero atom(s) 
Within the ring structure. Exemplary heterocyclic structures 
include, but are not limited to, pyridines, pyrroles, imida 
Zoles, indoles, pyrimidines, pyrrolidines, piperidines, furans, 
thiophenes, etc. 

[0062] The at least tWo reactive silanes can independently 
be an alkoXysilane, a dialkoXysilane, a trialkoXysilane or any 
other suitable polyalkoXysilane, a halosilane, a dihalosilane, 
or a trihalosilane. Preferably, the at least tWo reactive silanes 
are independently dialkoXysilanes, trialkoXysilanes, or tri 



US 2003/007705 9 A1 

halosilanes. Suitable alkoxysilanes, polyalkoxysilanes, 
dialkoxysilanes, and trialkoxysilanes include alkoxy groups 
independently having betWeen 1 and 6 carbon atoms. A 
preferred halosilane is a chlorosilane, more preferably a 
trichlorosilane. 

[0063] The compound can also include a substituent inter 
posed betWeen the cyclic structure and one (or more) of the 
at least tWo alkoxysilanes. Suitable substituents include 
straight-chain alkylene groups having betWeen 1 and 12 
carbon atoms; branched-chain alkylene groups having 
betWeen 1 and 12 carbon atoms; straight and branched-chain 
alkylene groups having a heterogroup; and a heterogroup 
including, but not limited to, oxygen, nitrogen, sulfur, phos 
phorous, selenium, titanium, Zirconium, and silicon. 

[0064] Preferred compounds include bis(trimethoxysilyl 
ethyl)benZene and bis(triethoxysilylethyl)benZene. Bis(tri 
methoxysilylethyl)benZene is commercially available from 
Gelest (TellytoWn, Pa.), Archimica (Wilmington, Del.), and 
United Chemical Technologies, Inc. (Bristol, Pa.). Bis(tri 
ethoxysilylethyl)benZene can be synthesiZed from bis(tri 
methoxysilylethyl)benZene by trans-esteri?cation With etha 
nol. 

[0065] Compounds containing at least one Zirconate or 
titanate functional group can be a suitable alternate adhesion 
promoter. In the case that the adhesion promoter includes a 
titanate containing compound, suitable compounds consists 
of least one of the folloWing group of compounds consisting 
of tetra (2,2 diallyoxymethyl)butyl, di(ditridecyl)phosphito 
titanate (commercially available as KR 55, from Kenrich 
Petrochemicals, Inc. (hereinafter Kenrich) Bayonne, N.J.), 
neopentyl(diallyl)oxy, trineodecanonyl titanate (commer 
cially available as LICA 01 from Kenrich), neopentyl(dial 
lyl)oxy, tri(dodecyl)benZene-sulfony titanate (commercially 
available as LICA 09 from Kenrich), neopentyl(diallyl)oxy, 
tri(dioctyl)phosphato titanate (commercially available as 
LICA 12 from Kenrich), neopentyl(dially)oxy, tri(di 
octyl)pyro-phosphato titanate (commercially available as 
LICA38 from Kenrich), neopentyl(diallyl)oxy, tri(N-ethyl 
enediamino)ethyl titanate (commercially available as LICA 
44 from Kenrich), neopentyl(diallyl)oxy, tri(m-amino)phe 
nyl titanate (commercially available as LICA 97 from Ken 
rich), neopentyl(diallyl)oxy, trihydroxy caproyl titanate (for 
merly available as LICA 99 from Kenrich), and mixtures 
thereof. 

[0066] Preferably, the titanate containing compound con 
tains at least one UV curable functional group. More pref 
erably, the functional group is a (meth)acrylate or acrylate 
functional group. 

[0067] In case that the adhesion promoter consists of a 
Zirconate containing compound, preferably the coupling 
agent consists of at least one ethylenically unsaturated 
Zirconate containing compound, and more preferably at least 
one neoalkoxy Zirconate containing compound. Most pref 
erably, the Zirconate containing compound consists of least 
one of the folloWing group of compounds consisting of tetra 
(2,2 diallyloxymethyl)butyl, di(ditridecyl)phosphito Zircon 
ate (commercially available as KZ 55 from Kenrich), neo 
pentyl(diallyl)oxy, trineodecanoyl Zirconate (commercially 
available as NZ 01 from Kenrich), neopentyl(diallyl)oxy, 
tri(dodecyl)benZene-sulfony Zirconate (commercially avail 
able as NZ 09 from Kenrich), neopentyl(diallyl)oxy, tri(di 
octyl)phosphato Zirconate (commercially available as NZ 12 
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from Kenrich), neopentyl(diallyl)oxy, tri(dioctyl)pyro-phos 
phato Zirconate (commercially available as NZ 38 from 
Kenrich), neopentyl(diallyl)oxy, tri(N-ethylenediamino)et 
hyl Zirconate (commercially available as NZ 44 from Ken 
rich), neopentyl(diallyl)oxy, tri(m-amino)phenyl Zirconate 
(commercially available as NZ 97 from Kenrich), neopen 
tyl(diallyl )oxy, trimethacryl Zirconate (commercially avail 
able as NZ 33 from Kenrich), neopentyl(diallyl)oxy, triacryl 
Zirconate (formerly available as NZ 39 from Kenrich), 
dineopentyl(diallyl)oxy, diparamino benZoyl Zirconate 
(commercially available as NZ 37 from Kenrich), dineopen 
tyl(aiallyl)oxy, di(3-mercapto) propionic Zirconate (com 
mercially available as NZ 66A from Kenrich), and mixtures 
thereof. 

[0068] Preferably, the Zirconate containing compound 
contains at least one UV curable functional group. More 
preferably, the functional group is a (meth)acrylate or acry 
late functional group. 

[0069] Preferably the adhesion promoter is present in an 
amount betWeen about 0.1 to about 15 parts per hundred, 
more preferably betWeen about 0.25 to about 4 parts per 
hundred, most preferably betWeen about 0.5 to about 3 parts 
per hundred. 

[0070] In addition to the above-described components, the 
primary coating composition of the present invention can 
optionally include any number of additives, such as reactive 
diluents, antioxidants, catalysts, lubricants, co-monomers, 
loW molecular Weight non-crosslinking resins, and stabiliZ 
ers. Some additives (e.g. chain transfer agents, for example) 
can operate to control the polymeriZation process, thereby 
affecting the physical properties (e.g., modulus, glass tran 
sition temperature) of the polymeriZation product formed 
from the primary coating composition. Others can affect the 
integrity of the polymeriZation product of the primary coat 
ing composition (e.g., protect against de-polymeriZation or 
oxidative degradation). 

[0071] Apreferred catalyst is a tin-catalyst, Which is used 
to catalyZe the formation of urethane bonds in some oligo 
mer components. Whether the catalyst remains as an addi 
tive of the oligomer component or additional quantities of 
the catalyst are introduced into the composition of the 
present invention, the presence of the catalyst can act to 
stabiliZe the oligomer component in the composition. 

[0072] A preferred antioxidant is thiodiethylene bis[(3,5 
di-tert-butyl-4-hydroxy) hydrocinnamate] (e.g., Trganox 
1035, available from Ciba Specialty Chemical). HoWever, 
an antioxidant is not required in the composition to practice 
the invention. 

[0073] The coating composition may include an oligomer 
capable of being polymeriZed, a monomer suitable to control 
the viscosity of the composition, an adhesion promoter that 
includes a compound containing at least one reactive silane, 
and a carrier. 

[0074] The carrier is preferably a carrier Which functions 
as a carrier surfactant or ambiphilic reactive or non-reactive 
surfactant. Reactive surfactants Which are partially soluble 
or insoluble in the composition are particularly preferred. 
Without being bound to a particular theory, it is believed that 
carriers Which function as reactive surfactants interact With 
the compound containing a reactive silane by depositing 
such compounds on the glass ?ber, Where it is alloWed to 




































