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DESCRIPTION

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent Application no. 62/464,276,
filed February 27, 2017, which is hereby incorporated herein by reference in its entirety.

Background of the Disclosure

1. Field of the Disclosure

[0002] The present disclosure relates generally to polymeric materials suitable for coating optical
fibers. The present disclosure relates particularly to thiol-ene based coating compositions and
polymeric compositions that are resistant to high temperature, as well as optical fibers coated with
such polymeric compositions.

2. Technical Backqround

[0003] Glass optical fibers are typically coated with one or more polymer coating layers in order to
protect the glass surface from chemical and mechanical damage. Such coatings are typically
formed from UV-curable systems, in which UV-curable monomers and/or oligomers are cured by
the action of a free radical photoinitiator. Such UV-curable compositions often include other
components, such as stabilizers and silane coupling agents. For example, optical fibers of the
type typically used in telecommunications are coated with UV-curable compositions based on
urethane acrylate oligomers. These coatings can provide excellent mechanical and chemical
protection to the optical fiber, and can even reduce undesirable optical effects due to
microbending.

[0004] A number of optical fiber applications require high temperature resistance, for example, up
to about 200 °C. These include, for example, a variety of sensor applications, such as oil well
downhole sensing, as well as medical, aerospace, and industrial applications. While urethane
acrylate-based coatings are suitable for most telecommunications uses, they do not have a high
temperature resistance.

[0005] Polyimide coatings are known for use in high-temperature applications. While polyimides
have high temperature resistance, they are impractical for use as optical fiber coatings due to
their low shelf life in the uncured state, their slow thermal cure, and their solvent emission during
cure. Polyimides must be applied in several thin coats because the carrier solvent must be driven
off commensurate with heat cure.
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[0006] High temperature silicone-based coatings are also known for use in high-temperature
applications. Room-temperature vulcanizing (RTV) silicone materials are often used as optical
fiber coatings for high-temperature applications. These can have good thermal performance at
200 °C, but can be difficult to cleanly strip, and typically are jacketed by some other polymer for
industrial applications, which itself can provide a temperature limit to use of the optical fiber. Of
significant disadvantage for silicones is that they are cure via heat cure chemistries. This limits pot
life, draw speeds and coating thicknesses. In addition, silicones can outgas after cure, which can
cause problems for some applications.

[0007] A significant advantage for the industry would be the provision of UV curable coatings that
would have similar heat resistance to the silicones. Standard optical fiber coating and curing
equipment could be used, resulting in faster draw speeds, lower costs and improved yields. US-
20160297105 discloses a sizing composition for glass fibers having tri alken and trithio
crosslinkers.

Summary of the Disclosure

[0008] In one aspect, the present disclosure provides a radiation-curable optical fiber coating
composition comprising

at least 20 wt% of one or more at least trifunctional ethylenically unsaturated monomers, each
having three or more free radical polymerizable ethylenic unsaturations;

at least 20 wt% of one or more at least trifunctional thiol monomers, each having three or more
free radical polymerizable thiols; and

an effective amount of a free radical photoinitiator,

wherein the ratio of the number of polymerizable ethylenic unsaturations of the curable
composition to the number of polymerizable thiols of the curable compositions is at least about 1.

[0009] In another aspect, the present disclosure provides a cured reaction product of a radiation-
curable optical fiber coating composition as described herein. In certain such embodiments, the
cured reaction product exhibits no more than 4% weight loss at 500 hours and no more than 6%
weight loss at 1000 hours at 200 °C in air

[0010] In another aspect, the present disclosure provides a coated optical fiber that includes a
glass optical fiber comprising a glass core and a glass cladding disposed about the glass core;
and a cured reaction product as described herein disposed about the glass optical fiber.

[0011] In another aspect, the present disclosure provides a method for making a coated optical
fiber, the method including providing a glass optical fiber comprising a glass core and a glass
cladding disposed about the glass core; disposing a radiation-curable optical fiber coating
composition as described herein on the surface of the glass optical fiber; and curing the radiation-
curable optical fiber coating composition disposed on the glass optical fiber by exposing it to
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ultraviolet radiation.

Brief Description of the Drawings

[0012]

FIG. 1 is a schematic cross-sectional view of a coated optical fiber according to one aspect of the
disclosure.

FIG. 2 is a graph of heat testing results for a curable composition according to one embodiment of
the disclosure and several comparative examples.

FIG. 3 is a graph of heat testing results for various curable compositions according to the
disclosure and a comparative example.

Detailed Description

[0013] The present inventor has determined that certain highly crosslinked UV-curable
compositions based on thiol-ene chemistry can provide optical fiber coatings having very good
stability at high temperatures. The present inventor has determined that the thiol-ene-based
crosslinked materials described herein can in many cases withstand temperatures of 200 °C in air
for extended period times with minimal weight loss. In many cases, the heat resistance (e.g., as
measured by weight loss at 200 °C in air) is similar to or better than an industry-standard RTV
silicone material currently used as a high-temperature coating. And the heat resistance of the
claimed materials is generally much better than that of acrylate- or epoxy-based coatings, even
those that are advertised as "high temperature" acrylates and epoxies.

[0014] As the person of ordinary skill in the art will appreciate, a "thiol-ene" polymerization is the
step-growth polymerization of a polyfunctional thiol monomer (i.e., the "thiol" component) and a
polyfunctional ethylenically unsaturated monomer (i.e., the "ene" component). The reaction is
initiated by a free radical, advantageously from a photoinitiator, although thermal initiators can
likewise be used. Advantageously, the thiol-ene reaction is not inhibited by oxygen, so coatings
based on thiol-ene chemistry can provide a non-tacky surface more easily during cure than can
coatings based only on (meth)acrylate polymerization. Thiol-ene-based polymerizations are
advantaged over UV-curable epoxy polymerizations in that they can provide for much faster
curing and for curing through a higher thickness of coating.

[0015] One aspect of the disclosure is a radiation-curable optical fiber coating composition that
includes at least 20 wt% of one or more at least trifunctional ethylenically unsaturated monomers,
each having three or more free radical polymerizable ethylenic unsaturations; at least 20 wt% of
one or more at least trifunctional thiol monomers, each having three or more free radical
polymerizable thiols; and an effective amount of a free radical photoinitiator.
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[0016] In the curable compositions according to this first aspect of the disclosure, the ratio of the
number of polymerizable ethylenic unsaturations of the curable composition to the number of
polymerizable thiols of the curable composition is at least about 1. As the person of ordinary skill
in the art will appreciate, ethylenic unsaturations can react either with thiols or with other ethylenic
unsaturations. A ratio of polymerizable ethylenic unsaturations to polymerizable thiols in the
overall curable composition of at least about 1 will allow for a high degree of cure. In certain such
embodiments, the ratio of the number of polymerizable ethylenic unsaturations of the curable
composition to the number of polymerizable thiols of the curable composition is at least about 1. A
ratio of polymerizable ethylenic unsaturations to polymerizable thiols in the at least trifunctional
monomers of at least about 1 will allow for a high degree of crosslinking. In certain embodiments
of the curable compositions as otherwise described herein, the ratio of the number of
polymerizable ethylenic unsaturations of the curable composition to the number of polymerizable
thiols of the curable composition is at least 1.00. In certain such embodiments, the ratio of the
number of polymerizable ethylenic unsaturations of the one or more at least trifunctional
ethylenically unsaturated monomers to the number of polymerizable thiols of the one or more at
least trifunctional thiol monomers is at least 1.00.

[0017] The present inventor has surprisingly determined that when the ratio of ethylenic
unsaturation to thiol is substantially greater than 1, the cured product can demonstrate a greater
thermal resistance. For example, in certain embodiments of the curable compositions as
otherwise described herein, the ratio of the number of polymerizable ethylenic unsaturations of
the curable composition to the number of polymerizable thiols of the curable composition is at
least 1.05, at least 1.10, at least 1.25, or at least 1.35. In certain such embodiments, the ratio of
the number of polymerizable ethylenic unsaturations of the curable composition to the number of
polymerizable thiols of the curable composition is at least 1.50, at least 1.70, or at least 1.90. In
other embodiments of the curable compositions as otherwise described herein, the ratio of the
number of polymerizable ethylenic unsaturations of the one or more at least trifunctional
ethylenically unsaturated monomers to the number of polymerizable thiols of the one or more at
least trifunctional thiol monomers is at least 1.05, at least 1.10, at least 1.25, or at least 1.35. In
certain such embodiments, the ratio of the number of polymerizable ethylenic unsaturations of the
one or more at least trifunctional ethylenically unsaturated monomers to the number of
polymerizable thiols of the one or more at least trifunctional thiol monomers at least 1.50, at least
1.70, or at least 1.90.

[0018] While it can be desirable to have an ene:thiol ratio in excess of 1, as described above, it
can also be desirable to retain a relatively high degree of thiol-ene curing. In certain embodiments
of the curable compositions as otherwise described herein, the ratio of the number of
polymerizable ethylenic unsaturations of the curable composition to the number of polymerizable
thiols of the curable composition is no more than 5.00, no more than 4.00, or no more than 3.00.
In certain such embodiments, the ratio of the number of polymerizable ethylenic unsaturations of
the curable composition to the number of polymerizable thiols of the curable composition is no
more than 2.75, no more than 2.50, or no more than 2.30. In certain embodiments of the curable
compositions as otherwise described herein, the ratio of the number of polymerizable ethylenic
unsaturations of the one or more at least trifunctional ethylenically unsaturated monomers to the
number of polymerizable thiols of the one or more at least trifunctional thiol monomers is no more
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than 5.00, no more than 4.00, or no more than 3.00. In certain such embodiments, the ratio of the
number of polymerizable ethylenic unsaturations of the one or more at least trifunctional
ethylenically unsaturated monomers to the number of polymerizable thiols of the one or more at
least trifunctional thiol monomers is no more than 2.75, no more than 2.50, or no more than 2.30.

[0019] The present inventor has determined that ene:thiol ratios in the neighborhood of 2:1 can
provide especially desirable properties to the cured material. Accordingly, in certain embodiments
of the curable compositions as otherwise described herein, the ratio of the number of
polymerizable ethylenic unsaturations of the curable composition to the number of polymerizable
thiols of the curable composition is in the range of 1.50 to 2.75. In certain such embodiments, the
ratio of the number of polymerizable ethylenic unsaturations of the curable composition to the
number of polymerizable thiols of the curable composition is in the range of 1.50 to 2.50, or in the
range of 1.50 to 2.30, or in the range of 1.70 to 2.75, or in the range of 1.70 to 2.50, or in the
range of 1.70 to 2.30, or in the range of 1.90 to 2.75, or in the range of 1.90 to 2.50, or in the
range of 1.90 to 2.30. In other such embodiments, the ratio of the number of polymerizable
ethylenic unsaturations of the curable composition to the number of polymerizable thiols of the
curable composition is in the range of 1.90 to 5.00, or in the range of 1.90 to 4.00, or in the range
of 1.90 to 3.00. In certain embodiments of the curable compositions as otherwise described
herein, the ratio of the number of polymerizable ethylenic unsaturations of the one or more at
least trifunctional ethylenically unsaturated monomers to the number of polymerizable thiols of the
one or more at least trifunctional ethylenically unsaturated monomers is in the range of 1.50 to
2.75. In certain such embodiments, the ratio of the number of polymerizable ethylenic
unsaturations of the one or more at least trifunctional ethylenically unsaturated monomers to the
number of polymerizable thiols of the one or more at least trifunctional ethylenically unsaturated
monomers is in the range of 1.50 to 2.50, or in the range of 1.50 to 2.30, or in the range of 1.70 to
2.75, or in the range of 1.70 to 2.50, or in the range of 1.70 to 2.30, or in the range of 1.90 to
2.75, orin the range of 1.90 to 2.50, or in the range of 1.90 to 2.30. In certain such embodiments,
the ratio of the number of polymerizable ethylenic unsaturations of the one or more at least
trifunctional ethylenically unsaturated monomers to the number of polymerizable thiols of the one
or more at least trifunctional ethylenically unsaturated monomers is in the range of 1.90 to 5.00,
or in the range of 1.90 to 4.00, or in the range of 1.90 to 3.00.

[0020] As the person of ordinary skill in the art will appreciate, the ene:thiol ratios described
herein will depend, inter alia, on the relative amounts of ethylenically unsaturated monomers and
thiol monomers present, as well as on their molecular weights and their functionalities (e.g.,
number of polymerizable ethylenic unsaturations per molecule, or number of polymerizable thiols
per molecule).

[0021] In certain embodiments of the curable compositions as otherwise described herein, the
amount of the one or more at least trifunctional ethylenically unsaturated monomers is at least 25
wt%, at least 30 wt%, at least 35 wt%, or at least 40 wt%. The person of ordinary skill in the art will
select an amount of the one or more at least trifunctional ethylenically unsaturated monomers that
provides, inter alia, a desirably high crosslink density, while providing the cured material with
desirable rheological properties.
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[0022] In certain embodiments of the curable compositions as otherwise described herein, the
amount of the one or more at least trifunctional thiol monomers is at least 25 wt%, at least 30
wt%, at least 35 wt%, or at least 40 wt%. The person of ordinary skill in the art will select an
amount of the one or more at least trifunctional thiol monomers that provides, inter alia, a
desirably high crosslink density, while providing the cured material with desirable rheological
properties.

[0023] As used herein, the general term "monomer" is intended to encompass any radiation-
curable compound having a weight-average molecular weight of 1000 g/mol or less. Radiation-
curable materials having weight average molecular weights in excess of 1000 g/mol are identified
herein as "oligomers." While such oligomers can be useful as reactive diluents as described
below, they typically do not provide sufficient crosslink density to act as desirable at least
trifunctional monomers for the purposes described herein. In certain embodiments of the curable
compositions as described herein, the weight average molecular weight of the total content of at
least trifunctional ethylenically unsaturated monomers is less than 900 g/mol, e.g., less than 750
g/mol, less than 600 g/mol, less than 400 g/mol, or less than 300 g/mol. Similarly, in certain
embodiments of the curable compositions as described herein, the weight average molecular
weight of the total content of at least trifunctional thiol monomers is less than 900 g/mol, e.g., less
than 750 g/mol, less than 600 g/mol, less than 400 g/mol, or less than 300 g/mol.

[0024] A wide variety of at least trifunctional ethylenically unsaturated monomers can be used in
the practice of the curable compositions of the present disclosure. For example, in certain
embodiments of the curable compositions as otherwise described herein, the one or more at least
trifunctional ethylenically unsaturated monomers comprise at least one monomer selected from
the group consisting of 1,3,5-triallyl-1,3-5-triazine-2,4,6(1H,3H,5H)trione (triallyl isocyanurate);
2,4 6-triallyloxy-1,3,5-triazine  (triallyl cyanurate); triallyl trimesate; trimethylolpropane

trilmeth)acrylate; ethoxylated trimethylolpropane trilmeth)acrylate; propoxylated
trimethylolpropane trilmeth)acrylate; pentaerythritol tetra(meth)acrylate; ethoxylated
pentaerythritol tetra(meth)acrylate; propoxylated pentaerythritol tetra(meth)acrylate;

pentaerythritol trilmeth)acrylate; ethoxylated pentaerythritol trilmeth)acrylate; propoxylated
pentaerythritol trilmeth)acrylate; ethoxylated glyceryl trilmeth)acrylate; propoxylated glyceryl
trilmeth)acrylate; tris(2-hydroxyethyl)isocyanurate triacrylate; allylated or (meth)acrylated
derivatives of hexamethoxymethylmelamine having the formula CsN3-(N(CH>OR)5)3 in which each
R is H, (C4-C4 alkyl)-, allyl-, or (meth)acryl(C>-C4 alkyl)-, provided that at least 3 Rs are
polymerizable) including, e.g., the compound in which each R is allyl, the compound in which 3 R
are methyl and 3 R are (meth)acryloxybutyl, and the compound in which 3 R are methyl and 3 R
are allyl; the compound of formula (1), below; the compound of formula (ll) below; the compound
of formula (1) below; the compound of formula (IV) below; the compound of formula (V) below;
pentaerythritol allyl ether; and trimethylolpropane allyl ether. In certain such embodiments, at least
50 wt% (e.g., at least 75 wt%, at least 95 wt%, or even at least 98 wt%) of the total amount of the
one or more at least trifunctional ethylenically unsaturated monomers is made up of 1,3,5-triallyl-
1,3-5-triazine-2,4,6(1H,3H,5H)trione (triallyl isocyanurate); 2,4,6-triallyloxy-1,3,5-triazine (triallyl
cyanurate); triallyl trimesate; trimethylolpropane trilmeth)acrylate; ethoxylated trimethylolpropane
trilmeth)acrylate; propoxylated trimethylolpropane trilmeth)acrylate; pentaerythritol
tetra(meth)acrylate; ethoxylated pentaerythritol tetra(meth)acrylate; propoxylated pentaerythritol
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tetra(meth)acrylate; pentaerythritol triimeth)acrylate; ethoxylated pentaerythritol trilmeth)acrylate;
propoxylated pentaerythritol trilmeth)acrylate; ethoxylated glyceryl trilmeth)acrylate; propoxylated

glyceryl  trilmeth)acrylate;  tris(2-hydroxyethyl)isocyanurate

triacrylate; derivatives of

hexamethoxymethylmelamine having the formula C3N3-(N(CH>OR)5)3 in which each R is allyl-, or
(meth)acryl(C,-Cy4 alkyl)- including, e.g., the compound in which each R is allyl, the compound in

which 3 R are methyl and 3 R are (meth)acryloxybutyl, and the compound in which 3 R are methyl
and 3 R are allyl; pentaerythritol allyl ether; and/or trimethylolpropane allyl ether.
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[0025] In certain embodiments of the curable compositions as otherwise described herein, the
one or more at least trifunctional ethylenically unsaturated monomers comprise at least one
monomer selected from the group consisting of 1,3,5-triallyl-1,3-5-triazine-2,4,6(1H,3H,5H)trione
(triallyl isocyanurate); 2,4,6-triallyloxy-1,3,5-triazine (triallyl cyanurate); trimethylolpropane
trilmeth)acrylate; pentaerythritol tetra(meth)acrylate; and derivatives of
hexamethoxymethylmelamine having the formula C3N3-(N(CH>OR)5)3 in which each R is allyl-, or
(meth)acryl(C»,-Cy4 alkyl)- including, e.g., the compound in which each R is allyl, and the compound
in which 3 R are methyl and 3 R are allyl. In certain such embodiments, at least 50 wt% (e.g., at
least 75 wt%, or at least 95 wt%, or at least 98 wt%) of the total amount of the one or more at
least trifunctional ethylenically unsaturated monomers is made up of 1,3,5-triallyl-1,3-5-triazine-
2,4,6(1H,3H,5H)trione (triallyl isocyanurate); 2,4,6-triallyloxy-1,3,5-triazine (triallyl cyanurate);
trimethylolpropane trilmeth)acrylate; pentaerythritol tetra(meth)acrylate; and/or derivatives of
hexamethoxymethylmelamine having the formula C3N3-(N(CH>OR)5)3 in which each R is allyl-, or

(meth)acryl(C»-C4 alkyl)- including, e.g., the compound in which each R is allyl, and the compound
in which 3 R are methyl and 3 R are allyl.

[0026] In certain embodiments of the curable compositions as otherwise described herein, the
one or more at least trifunctional ethylenically unsaturated monomers comprise at least one
monomer selected from the group consisting of 1,3,5-triallyl-1,3-5-triazine-2,4,6(1H,3H,5H)trione
(triallyl isocyanurate) and 2,4,6-triallyloxy-1,3,5-triazine (triallyl cyanurate). In certain such
embodiments, at least 50 wt% (e.g., at least 75 wt%, or at least 95 wt%, or at least 98 wt%) of the
total amount of the one or more at least trifunctional ethylenically unsaturated monomers is made
up of 1,3,5-triallyl-1,3-5-triazine-2,4,6(1H,3H,5H)trione (triallyl isocyanurate), derivatives of
hexamethoxymethylmelamine having the formula C3N3-(N(CH>OR)5)3 in which each R is allyl-, or
(meth)acryl(C»,-Cy4 alkyl)-including, e.g., the compound in which each R is allyl, and the compound

in which 3 R are methyl and 3 R are allyl; and/or 2,4,6-triallyloxy-1,3,5-triazine (triallyl cyanurate).

[0027] In certain embodiments of the curable compositions as otherwise described herein, the
one or more at least trifunctional ethylenically unsaturated monomers comprise at least one at
least trifunctional ethylenically unsaturated aromatic monomer. Examples of such monomers
include, for example, 1,3,5-triallyl-1,3-5-triazine-2,4,6(1H,3H,5H)trione (triallyl isocyanurate);
2,4 6-triallyloxy-1,3,5-triazine (triallyl cyanurate); triallyl trimesate; allylated or (meth)acrylated
derivatives of hexamethoxymethylmelamine having the formula CsN3-(N(CH>OR)5)3 in which each
R is H, (C4-C4 alkyl)-, allyl-, or (meth)acryl(C>-C4 alkyl)-, provided that at least 3 Rs are
polymerizable) including, e.g., the compound in which each R is allyl, the compound in which 3 R
are methyl and 3 R are (meth)acryloxybutyl, and the compound in which 3 R are methyl and 3 R
are allyl; the compound of formula (1), below; the compound of formula (ll) below; the compound
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of formula (lll) below; the compound of formula (IV) below; and the compound of formula (V)
below. In certain embodiments, at least 50 wt% (e.g., at least 75 wt%, at least 95 wt%, or at least
98 wt%) of the total amount of at least trifunctional ethylenically unsaturated monomer is made up
of aromatic monomers.

[0028] In certain embodiments of the curable compositions as otherwise described herein, the
one or more at least trifunctional thiol monomers include at least one monomer selected from the
group consisting of tris(2-(3-mercaptopropionyloxy)ethyl)isocyanurate; tris(2-(3-
mercaptobutyloxy)ethyl)isocyanurate; trimethylolpropane tris(3-mercaptoproprionate);
pentaerythritol tetrakis(3-mercaptoproprionate); dipentaerythritol hexa(3-mercaptoproprionate);
trimethylolpropane tris(thioglycolate); tris[2-(2-mercaptoacetyloxy)ethyllisocyanurate;
pentaerythritol tetrakis(3-thioglycolate); dipentaerythritol hexa(thioglycolate); 2,3-
(dimercaptoethylthio)-1-mercaptopropane; and 1,2,3-trimercaptopropane. For example, in certain
such embodiments, at least 50 wt% (e.g., at least 75 wt%, or at least 95 wt%, or at least 98 wt%)
of v the total amount of the one or more at least trifunctional thiol monomers is made up of tris(2-
(3-mercaptopropionyloxy)ethyl)isocyanurate; tris(2-(3-mercaptobutyloxy)ethyl)isocyanurate;
trimethylolpropane tris(3-mercaptoproprionate); pentaerythritol tetrakis(3-mercaptoproprionate);
dipentaerythritol hexa(3-mercaptoproprionate); trimethylolpropane tris(thioglycolate); tris[2-(2-
mercaptoacetyloxy)ethyllisocyanurate; pentaerythritol tetrakis(3-thioglycolate); dipentaerythritol
hexa(thioglycolate); 2,3-(dimercaptoethylthio)-1-mercaptopropane; and/or 1,2,3-
trimercaptopropane.

[0029] In certain embodiments of the curable compositions as otherwise described herein, the
one or more at least trifunctional thiol monomers include at least one monomer selected from the
group consisting of tris(2-(3-mercaptopropionyloxy)ethyl)isocyanurate; trimethylolpropane tris(3-
mercaptoproprionate); pentaerythritol tetrakis(3-mercaptoproprionate); dipentaerythritol hexa(3-
mercaptoproprionate); and tris[2-(2-mercaptoacetyloxy)ethyllisocyanurate. For example, in
certain such embodiments, at least 50 wt% (e.g., at least 75 wt%, or at least 95 wt%, or at least 98
wt%) of v the total amount of the one or more at least trifunctional thiol monomers is made up of
tris(2-(3-mercaptopropionyloxy)ethyl)isocyanurate; trimethylolpropane tris(3-
mercaptoproprionate); pentaerythritol tetrakis(3-mercaptoproprionate); dipentaerythritol hexa(3-
mercaptoproprionate); and/or tris[2-(2-mercaptoacetyloxy)ethyllisocyanurate.

[0030] In certain embodiments of the curable compositions as otherwise described herein, the
one or more at least trifunctional thiol monomers comprise at least one at least trifunctional
aromatic thiol monomer. Examples of such monomers include, for example, tris(2-(3-
mercaptopropionyloxy)ethyl)isocyanurate; tris(2-(3-mercaptobutyloxy)ethyl)isocyanurate; and
tris[2-(2-mercaptoacetyloxy)ethyllisocyanurate. In certain embodiments, at least 50 wt% (e.g., at
least 75 wt%, at least 95 wt%, or at least 98 wt%) of the total amount of at least trifunctional thiol
monomer is made up of aromatic monomers.

[0031] As the person of ordinary skill in the art will appreciate, the curable compositions described
herein can include other polymerizable components, such as monofunctional monomers,
difunctional monomers, and polymerizable oligomers. The person of ordinary skill in the art will
select additional polymerizable components to provide the curable composition and/or the cured
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product thereof with desirable properties, such as desirable viscosity, desirable hardness,
desirable modulus, desirable cure speed and a desirable wavelength sensitivity to a given source
of initiating radiation.

[0032] For example, in certain embodiments of the curable compositions as otherwise described
herein, the curable composition further includes one or more monofunctional or difunctional
ethylenically unsaturated monomers. Suitable monofunctional or difunctional ethylenically
unsaturated monomers include, for example, trimethylolpropane diallyl ether, trimethylolpropane
di(meth)acrylate, allyl- or (meth)acryl terminated polyols, allyl- or (meth)acryl-terminated urethane
oligomers, maleimides, bisallyl bisphenol A; ortho,ortho-bisallyl bisphenol A, bisphenol A
di(meth)acrylate, alkoxylated bisphenol A di(meth)acrylate, bisphenol A diglycidyl ether
di(meth)acrylate, isobornyl (meth)acrylate, phenoxyethyl (meth)acrylate, N,N-dimethylacrylamide,
N,N-diethylacrylamide, hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, isobornyl
(meth)acrylate, decyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate, 2-
ethoxyethoxy-ethyl (meth)acrylate, lauryl vinyl ether, 2-ethylhexyl vinyl ether, N-vinyl formamide,
isodecyl (meth)acrylate, isooctyl (meth)acrylate, vinyl-caprolactam, N-vinylpyrrolidone,
ethyleneglycolphenylether  (meth)acrylate, polyethyleneglycolphenylether  (meth)acrylate,
polypropyleneglycolphenylether (meth)acrylate, alkyl-substituted phenyl derivatives of the above
monomers, such as polyethyleneglycolnonylphenyl-ether (meth)acrylate, C>-C4g hydrocarbon-diol

di(meth)acrylate, C4-Cqg hydrocarbon divinyl ethers, 1,6-hexanediol di(meth)acrylate,

hexanedioldivinylether, triethylene-glycol di(meth)acrylate, ethoxylated bisphenol-A
di(meth)acrylate, and tripropyleneglycol di(meth)acrylate and diallylphthalate. In certain such
embodiments, the total amount of any monofunctional or difunctional ethylenically unsaturated
monomers is no more than 50 wt% of the curable composition, e.g., no more than 40 wt%, no
more than 30 wt%, no more than 20 wt%, no more than 10 wt%, no more than 5 wt%, or no more
than 1 wt%.

[0033] Similarly, in certain embodiments of the curable compositions as otherwise described
herein, the curable composition further includes one or more monofunctional or difunctional thiol
monomers. Suitable monofunctional or difunctional thiol monomers include, for example, 2,5-
dimercaptomethyl-1,4-dithiane, 2,3-dimercapto-1-propanol, 2-mercapto-ethylsulfide, ethylene
glycol bis(thioglycolate), ethylene glycol bis(3-mercaptopropionate), 1,6-hexanedithiol, 1,2-
benzenedithiol, 1,3-benzenedithiol, and isophorone diurethane thiol. In certain such
embodiments, the total amount of any monofunctional or difunctional thiol monomers is no more
than 50 wt% of the curable composition, e.g., no more than 40 wt%, no more than 30 wt%, no
more than 20 wt%, no more than 10 wt%, no more than 5 wt%, or no more than 1 wt%. In certain
such embodiments, the total amount of any monofunctional thiol monomers is no more than 5
wt% of the curable composition, e.g., no more than 1 wt%.

[0034] In certain embodiments of the curable compositions as otherwise described herein, the
curable composition further includes one or more oligomers that are copolymerizable with the thiol
monomers and the ethylenically unsaturated monomers. Such oligomers can be used, for
example, to modify the viscosity of the curable composition to provide for ease of application to an
optical fiber and subsequent UV cure in an in-line process, as is conventional in the optical fiber
arts. Suitable types of oligomers include epoxy (meth)acrylates, (meth)acrylate-terminated
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polyglycols or other polyethers, (meth)acrylate-terminated polyesters, and (meth)acrylate-
terminated urethane oligomers. In certain such embodiments, the total amount of any
copolymerizable oligomers is no more than 50 wt% of the curable composition, e.g., no more than
40 wt%, no more than 30 wt%, no more than 20 wt%, no more than 10 wt%, no more than 5 wt%,
or no more than 1 wt%.

[0035] The person of ordinary skill in the art will appreciate based on the present disclosure that
prepolymeric thiol-ene oligomers can be formed and used in the preparation of an optical fiber
coating. For example, a curable composition as described herein (e.g., including an excess of the
thiol component or the ethylenically unsaturated component) can be only partially cured to provide
a thiol-ene oligomer. Alternatively, an oligomeric thiol-ene can be made by providing thiol and
ethylenically unsaturated monomers in a desired stoichiometry to provide a desired average
molecular weight of an oligomer made by exhaustively curing the material. In either event, such
an oligomer can retain unreacted thiol and/or ethylenically unsaturated moieties that can react
further with each other or with other monomers to form a final cured polymer.

[0036] In certain embodiments of the curable compositions as otherwise described herein, one or
more monomers and/or oligomers that cure via different chemistries, such as epoxies and
isocyanates, are also present. For example, when the curable composition further includes an
epoxy monomer, a UV cationic initiator can be included in the formulation, so that the epoxy
monomers can react with one another under the UV-curing conditions of the thiol-ene curing
reaction. Epoxies and/or isocyanates can also be cured in a separate curing step. For example,
UV-curing can be used to make a thiol-ene matrix, and thermal curing with time and/or heat can
allow the epoxy and/or isocyanate materials to cure to provide the final cured material.

[0037] As the person of ordinary skill in the art will appreciate, the curable compositions as
otherwise described herein can be made to be substantially solvent-free. For example, in certain
embodiments, the curable compositions as otherwise described herein have less than 5 wt%, less
than 2 wt%, or even less than 1 wt% solvent (i.e., over and above any adsorbed water).

[0038] As noted above, the curable compositions of the first aspect of the disclosure include an
effective amount of a free radical photoinitiator. In certain desirable embodiments, the free radical
photoinitiator is a UV photoinitiator. The effective amount of the free radical photoinitiator is an
amount effective to cure the curable composition to a cross-linked polymer, and can be
determined by the person of ordinary skill in the art. The free radical photoinitiator can be present
in the composition at a rate of, for example, 0.01 wt% to 10 wt%, e.g., 0.01 wt% to 5 wt%, 0.01
wt% to 2 wt%, 0.1 wt% to 10 wt%, 0.1 wt% to 5 wit%, 0.1 wt% to 2 wt%, 0.5 wt% to 10 wt%, 0.5
wt% to 5 wt%, 1 wt% to 10 wt%, or 1 wt% to 5 wt%. Photoinitators can be provided as
combinations of photointiators. Suitable free radical photoinitators include, for example, 2-
hydroxy-2-methyl-1-phenypropan-1-one (PHOTOCURE 1173), 2,46 trimethylbenzoyl
phenylphosphinic acid ethyl ester (IRGACURE 754), Benzeneacetic acid, .alpha.-oxo-, 1,1'-(oxydi-
2,1-ethanediyl) (IRGACURE TPO-L); and combinations thereof. Examples of free radical
photoinitiators also include benzoin and substituted benzoin compounds, benzophenone,
Michler's ketone, dialkoxybenzophenones, dialkoxyacetophenones, and peroxyesters. The person
of ordinary skill in the art will select a photointiator to provide curing at the desired wavelength and
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with the desired speed.

[0039] The person of ordinary skill in the art will appreciate that other additives, such as
stabilizers, adhesion promoters, light sensitive and light absorbing components, lubricants, wetting
agents and/or antioxidants can be used in the curable compositions described herein, as is
conventional in the optical fiber coating art. The selection of additive will depend on the type of
fiber optic material which is being formulated. The selection and use of such additives is within the
skill of the art.

[0040] For example, in certain embodiments of the curable compositions as otherwise described
herein, a stabilizer is present. Free radical inhibitors can be used, for example, Benzenepropanoic
acid, 3,5-bis(1,1 dimethyl)-4-hydroxy-, C7-9 branched alkyl esters 3,5-bis(1,1-dimethylethyl)-4-
hydroxybenzenepropanoic acid (Irganox L135), C7-9-branched alkyl esters (IRGANOX 1135),
sulfur, phenothiazine, hydroquinone and butylated hydroxytoluene, e.g., in amounts of about 0.5%
to about 5%. Stabilizer systems are also described in U.S. Patent no. 5,459,173.

[0041] In certain embodiments of the curable compositions as otherwise described therein, an
adhesion promoter is present. The adhesion promoter can be, for example, a silane coupling
agent. Suitable silane coupling agents include, e.g., a mercaptofunctional silane such as gamma-
mercaptopropyltrimethoxysilane, and a (meth)acrylate-functional silane such as a
vinyltrimethoxysilane or a gamma-trimethoxysilylpropyl (meth)acrylate. Adhesion promoters can
be used in any suitable amount, e.g., about 0.1 wt% to about 3 wt%.

[0042] In certain particular embodiments, the curable compositions as otherwise described herein
include at least 35 wt% of the one or more at least trifunctional thiol monomers; and at least 35
wt% of the one or more at least trifunctional ethylenically-unsaturated monomers; and the ratio of
the number of polymerizable ethylenic unsaturations of the curable composition to the number of
polymerizable thiols of the curable composition is 1.25-5.00.

[0043] In certain particular embodiments, the curable compositions as otherwise described herein
include at least 35 wt% of the one or more at least trifunctional thiol monomers, the weight
average molecular weight of the at least trifunctional ethylenically unsaturated monomers being
less than 900 g/mol; at least 35 wt% of the one or more at least trifunctional ethylenically-
unsaturated monomers, the weight average molecular weight of the at least trifunctional thiol
monomers being less than 900 g/mol; and the ratio of the number of polymerizable ethylenic
unsaturations of the curable composition to the number of polymerizable thiols of the curable
composition is 1.25-5.00.

[0044] In certain particular embodiments, the curable compositions as otherwise described herein
include at least 35 wt% of the one or more at least trifunctional thiol monomers, in which at least
75% of the total amount of the one or more at least trifunctional ethylenically unsaturated
monomers is made up of 1,3,5-triallyl-1,3-5-triazine-2,4,6(1H,3H,5H)trione (triallyl isocyanurate);
2,4 6-triallyloxy-1,3,5-triazine (triallyl cyanurate); trimethylolpropane trilmeth)acrylate;
pentaerythritol tetra(meth)acrylate; and/or derivatives of hexamethoxymethylmelamine having the
formula C3N3-(N(CH>OR)2)3 in which each R is allyl-, or (meth)acryl(C>-C4 alkyl)- including, e.g.,
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the compound in which each R is allyl, and the compound in which 3 R are methyl and 3 R are
allyl; and at least 35 wt% of the one or more at least trifunctional ethylenically-unsaturated
monomers, in which at least 75% of the total amount of the one or more at least trifunctional thiol
monomers is made up of tris(2-(3-mercaptopropionyloxy)ethyl)isocyanurate; tris(2-(3-
mercaptobutyloxy)ethyl)isocyanurate; trimethylolpropane tris(3-mercaptoproprionate);
pentaerythritol tetrakis(3-mercaptoproprionate); dipentaerythritol hexa(3-mercaptoproprionate);
trimethylolpropane tris(thioglycolate); tris[2-(2-mercaptoacetyloxy)ethyllisocyanurate;
pentaerythritol tetrakis(3-thioglycolate); dipentaerythritol hexa(thioglycolate); 2,3-
(dimercaptoethylthio)-1-mercaptopropane; and/or 1,2,3-trimercaptopropane; and the ratio of the
number of polymerizable ethylenic unsaturations of the curable composition to the number of
polymerizable thiols of the curable composition is 1.25-5.00.

[0045] The present inventor has determined that the radiation-curable optical fiber coating
compositions described herein can be made to form highly heat-resistant coatings. For example,
certain embodiments of the curable compositions as otherwise described herein exhibit no more
than 4% weight loss at 500 hours and no more than 6% weight loss at 1000 hours at 200 °C in air
when cured as a film 7 mm in thickness by exposure to a metal halide lamp and then allowed to
age for at least one day before heat testing. In certain embodiments, the curable compositions as
otherwise described herein exhibit no more than 3% weight loss at 500 hours and no more than
5% weight loss at 1000 hours at 200 °C in air when cured as a film 7 mm in thickness by exposure
to a metal halide lamp and then allowed to age for at least one day before heat testing.

[0046] The curable compositions described herein can have a variety of viscosities. And, as
mentioned above, the person of ordinary skill in the art can select various components to provide
a desirable viscosity for a particular end use. For example, for use as an optical fiber coating, the
curable compositions as otherwise described herein can have a viscosity in the range of 100 cP -
20,000 cP (e.g., 1000 cP - 5000 cP) at 25 °C.

[0047] The person of ordinary skill in the art will appreciate that other coating physical properties
such as modulus and hardness can be adjusted using monomers and oligomers of more or less
molecular rigidity or flexibility. The properties can be adjusted depending on the end use of the
optical fiber to be coated with the composition

[0048] Another aspect of the disclosure is a cured reaction product of a radiation-curable optical
fiber coating composition as otherwise described herein. As the person of ordinary skill in the art
will appreciate, the cured reaction product can be made by curing the curable compositions as
described herein. However, as used herein, a "cured reaction product" of a defined curable
composition extends to any composition that includes the polymerized residues of such defined
curable composition. For example, such a curable composition can be made by first
prepolymerizing one or more of the components into a prepolymer, then more fully polymerizing
the prepolymer, optionally with additional of the components, to provide the cured composition.

[0049] The cured reaction products described herein can be made to be substantially heat
resistant. For example, in certain embodiments, a cured reaction product as otherwise described
herein exhibits no more than 4% weight loss at 500 hours and no more than 6% weight loss at



DK/EP 3585748 T3

1000 hours at 200 °C in air. In particular embodiments, a cured reaction product as otherwise
described herein exhibits no more than 3% weight loss at 500 hours and no more than 6% weight
loss at 1000 hours at 200 °C in air.

[0050] Another aspect of the disclosure is a coated optical fiber. One embodiment of such a
coated optical fiber is shown in schematic cross-sectional view in FIG. 1. Coated optical fiber 100
includes a glass optical fiber 105 that in turn includes a glass core 110 and a glass cladding 115
disposed about the glass core. Coated optical fiber 100 also includes a cured reaction product as
described herein disposed about the glass optical fiber as a coating 120. As the person of
ordinary skill in the art will appreciate, and as shown in FIG. 1, an optical fiber coating as
described herein can be used as a single coating around the optical fiber. In other embodiments,
an optical fiber coating as described herein can be used as a secondary coating (e.g., with a
conventional primary coating), or can be made with highly flexible oligomers to be used as a
primary coating (e.g., with a different material as described herein being used as a secondary
coating, or with a conventional secondary coating).

[0051] Another aspect of the disclosure is a method for making a coated optical fiber, e.g., the
coated optical fiber described above. The method includes providing a glass optical fiber that
includes a glass core and a glass cladding disposed about the glass core. The glass optical fiber
can be provided, for example, by drawing a glass preform, as is conventional in the optical fiber
arts. The fiber can be coated in a process step performed shortly after the draw process, e.g.,
before the fiber is wound onto a spool. The method further includes disposing a radiation-curable
optical fiber coating composition, e.g., any curable composition as described herein, about (e.g.,
on the surface of) the glass optical fiber. Disposing the curable composition about the fiber can be
performed by the person of ordinary skill in the art using, for example, a coating die as is common
practice in the optical fiber art. The curable composition, once disposed on the glass optical fiber,
is then cured by exposing it to ultraviolet radiation. When used as a primary coating, the curable
composition as described herein can be disposed immediately on the surface of the glass optical
fiber. When used as a secondary coating, the curable composition as described herein can be
disposed on a primary coating composition, which can be disposed on the surface of the glass
optical fiber. The person of ordinary skill in the art can adapt conventional optical fiber coating
methodologies for use with the curable compositions as described herein.

[0052] The compositions and methods of the disclosure are further described by the following
non-limiting Examples.

[0053] Preparation of formulations: The components of the various example formulations were
blended together and stored in light-proof containers. Molecular weights described below are
estimated based on information provided by the manufacturer for a given lot of material.

[0054] Bulk heat resistance measurements: For a given UV-curable sample, 3-7 grams of a liquid
formulation was poured into a weighed aluminum sample dish, allowed to de-air and then
exposed to UV light from an iron-doped mercury vapor bulb. The distance was such that the

intensity was between 2-15 mW/cm?2 when measured with a 365 nm radiometer. Such low doses
were used so that the samples did not exotherm and fume or boil over. Total exposure times were
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around 5 minutes (about 1500 mJ/cm2). Thermal-curable samples were cured as described in
individual examples below. The sample was then allowed to cool and checked to ensure full cure.
An initial weight was then measured. The sample was placed in an oven set to 200 °C; weights
were taken at intervals and losses calculated. Typically, tests were extended to 1000 hours.

[0055] Momentive Performance Materials Inc.'s RTV615 is a
lowviscosity two-part silicone rubber. Parts A&B were mixed as per the manufacturer's instruction
in a sample dish and allowed to set for 24 hours at room temperature. A 50 °C bake for 4 hours

Comparative Example 1:

followed to ensure full cure before heat resistance testing.

[0056] Comparative Example 2: Hexion Corporation KlearShield 1-001 is a UV-curable primary
coating for optical fiber.

[0057] Comparative Example 3: Hexion Corporation KlearShield 2-002 is a UV-curable secondary
coating for optical fiber.

[0058] Comparative Example 4. An epoxy acrylate formulation of the following composition was
prepared:

Tradename {wt% {Chemical Name CAS reg. {Supplier
#
L135 0.10 {Benzenepropanoic acid, 3,5-bis(1,1 125643- BASF
dimethyl)-4-hydroxy-, C7-9 branched alkyl §61-0
esters
D1173 2.00 §2-Hydroxy-2-methyl-1-phenylpropane-1- 7473-98-5 {BASF
one
TPO 1.40 {2,4,6-Trimethyl benzoyldiphenylphosphine {75980-60- {BASF
oxide 8
EB3720 58.00 {Bisphenol A epoxy acrylate 211188- Allnex
62-4
CD9038 38.50 {Ethoxylated bisphenol A acrylate 64401-02- {Sartomer
1

[0059] Comparative Example 5. An ester epoxy/polyester polyol formulation of the following
composition was prepared:

hexafluorophosphate

Tradename {wt% {Chemical Name CAS reg. {Supplier
#

L135 0.10 {Benzenepropanoic acid, 3,5-bis(1,1 125643- BASF
dimethyl)-4-hydroxy-, C7-9 branched alkyl {61-0
esters

D1173 1.00 {2-Hydroxy-2-methyl-1-phenylpropane-1- {7473-98-5 {BASF
one

1250 2.00 {(4-methylphenyl)[4-(2- 344562- {BASF
methylpropyl)phenylliodonium 80-7
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Tradename {wt% {Chemical Name CAS reg. Supplier
#
CER4221 {40.00 {3,4-Epoxycyclohexane Methyl 3',4'- 2386-87-0 {Achiewell
Epoxycylohexyl carboxylate
Epon 834 {13.00 {Phenol, 4,4'-(1-methylethylidene)bis-, 25036-25- {Hexion
polymer with 2,2'-[(1- 3
methylethylidene)bis(4,1-
phenyleneoxymethylene)]bis[oxirane]
Polyol 3380 {25.90 jpolyalcohol, alkoxylated 37625-56- ;Perstorp
1
K188 18.00 §polyester polyol - King
industries

[0060] Comparative Example 6: An aliphatic epoxy/polyether polyol formulation of the following
composition was prepared:

Tradename {wt% {Chemical Name CAS reg. {Supplier
#
L135 0.10 {Benzenepropanoic acid, 3,5-bis(1,1 125643- BASF
dimethyl)-4-hydroxy-, C7-9 branched 61-0
alkyl esters
D1173 1.00 {2-Hydroxy-2-methyl-1-phenylpropane-1- §{7473-98-5 {BASF
one
1250 2.00 {(4-methylphenyl)[4-(2- 344562- BASF
methylpropyl)phenyl] -lodonium 80-7
hexafluorophosphate
CER4221 {48.90 {3,4-Epoxycyclohexane Methyl 3',4'- 2386-87-0 {Achiewell
Epoxycylohexyl carboxylate
Capa 310 {19.00 {polycaprolactone 37625-56- {Perstorp
2
K188 29.00 {polyester polyol - King
Industries

[0061] Comparative Example 7: A crosslinked aromatic epoxy formulation of the following
composition was prepared:

Tradename {wt% {Chemical Name CAS reg. {Supplier
#

L135 0.10 {Benzenepropanoic acid, 3,5-bis(1,1 125643- BASF
dimethyl)-4-hydroxy-, C7-9 branched alkyl {61-0
esters

D1173 1.00 {2-Hydroxy-2-methyl-1 - phenyl-propane-1- {7473-98-5 {BASF
one

1250 2.00 {(4-methylphenyl)[4-(2- 344562- {BASF
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Tradename {wt% {Chemical Name CAS reg. i{Supplier
#
methylpropyl)phenyl] - lodonium 80-7
hexafluorophosphate
CER4221 {64.00 {3,4-Epoxycyclohexane Methyl 3',4'- 2386-87-0 {Achiewell
Epoxycylohexyl carboxylate
DEN 438 {20.00 jEpoxy Novolac Resin 28064-14- ;Dow
4
LHT240 12.00 jpolypropylene triol 25791-96- jCovestro
2

[0062] Comparative Example 8: A thiol-ene formulation of the following composition, having a
difunctional ethylenically-unsaturated monomer and a trifunctional thiol monomer, was prepared:

Tradename {wt% {Chemical Name CAS# Supplier {Eq. wt.{Eqgs.
(g/mol)
L135 0.10 {Benzenepropanoic acid, §125643- {BASF
3,5-bis(1,1 dimethyl)-4- 61-0
hydroxy-, C7-9 branched
alkyl esters
D1173 1.90 {2-Hydroxy-2-methyl-1- 7473-98-5 {BASF
phenyl-propane-1-one
TMPDE-90 i41.50 { Trimethylolpropane diallyl {682-09-7 {Perstorp 98 1042
ether
TMPTM 56.50 { Trimethylolpropane tris(3- §33007-83- {Evans 133 §0.42
mercaptopropionate) 9 Chemetics
/ Bruno
Bock
100.0 Ratio {1.00
ene to
thiol

[0063] Example 9: A thiol-ene formulation of the following composition, having an aromatic
trifunctional ethylenically-unsaturated monomer and an aliphatic trifunctional thiol monomer, was

prepared:
Tradename {wt% {Chemical Name CAS# Supplier Eq. wt. { Eqs.
(g/mol)
L135 0.10 {Benzenepropanoic acid, {125643- {BASF
3,5-bis(1,1 dimethyl)-4- {61-0
hydroxy-, C7-9
branched alkyl esters
D1173 2.00 {2-Hydroxy-2-methyl-1- {7473-98-5 {BASF
phenyl-propane-1-one
SR533 37.90 {1,3,5-Triallyl-1,3,5- 1025-15-6 {Sartomer 83 10.46
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Tradename {wt% {Chemical Name CAS# Supplier Eq. wt. {Eqs.
(g/mol)
triazine- Corp,
2,4,6(1H,3H,5H)-trione Evonik, RT
Vanderbilt
TMPTM 60.00 { Trimethylolpropane 33007-83- {Evans 133 {0.45
tris(3- 9 Chemetics /
mercaptopropionate) Bruno Bock
100.0 Ratio {1.01
ene to
thiol

[0064] Heat resistance data for the formulations of Comparative Examples 1-8 and Example 9 are
presented below:

hours at 200 °C

Example | 24 42 72 120 144 168 240 384 528
C1 113§ 134 { 158 § -1.77 { -1.84 { -193 | -2.15 { -2.57 | -2.99
C2 -9.29§-1289§ 17.08 | -19.43 { -20.20 { -20.83 { -22.12 § -23.13 | -24.69
C3 525 -7.03 §{ -9.83 {-12.22{-13.21}{-14.10{ -16.17 { -18.68 §| -20.46
C4 570§ -831 { 15,70 {-22.06 { -24.21 { -25.84 { -28.78 { -31.51 | -33.68
C5 -6.72% -851 {1043 {1154 {-11.84 { -12.11 { -12.63 § -13.22 { -13.73
C6 430§ -540 § 652 { -7.00 { -7.16 { -7.20 { -7.58 § -7.91 | -8.18
C7 246§ -280 { -3.19 § -348 | -361 { -3.75 { -413 { -460 | -5.04
C8 472 % 618 { -843 | -9.96 {-10.28 { -10.50 { -10.97 § -11.56 { -15.49
9 209§ -250 { -2.89 § -322 § -3.33 § -346 | -3.74 { -4.09 § -4.40

[0065] These data are presented in FIG. 2.

[0066] As demonstrated by the data for Comparative Example 1, the RTV615 silicone material, an
industry standard for 200 °C applications, degrades with a shallow slope showing around 3%
weight loss at 500 hours and around 5% or less at 1000 hours (as demonstrated below). Silicones
can be advantageous for those low values and for their ability to remain clear and colorless after
extended heat treatment, although they can become friable in nature after 1000 hours. But of
significant disadvantage for silicones and polyimide coatings is that they are heat cure
chemistries. This limits pot life, draw speeds and coating thicknesses. Polyimides must be applied
in several thin coats because the carrier solvent must be driven off commensurate with heat cure.
In addition, silicones can outgas after cure and this can cause problems for some applications.

[0067] Comparative Examples 2 and 3 are standard UV-curable urethane acrylate-based
formulations used as the primary and secondary coatings for optical fiber. Under the testing
conditions, these lost 20% and 25% by weight at 500 hours. They, like all the non-silicone
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chemistries in this disclosure, turn dark brown to black by several hundred hours at 200 °C.

[0068] Comparative Example 4 is an epoxy acrylate system. Despite the fact that the urethane
bond is thermodynamically weaker than either the esters of polyacrylates or the ethers of cured
epoxy systems, this Example formulation performed even worse than the urethane acrylates of
Examples 2 and 3.

[0069] Comparative Example 5 is a UV curable epoxy system having backbones of polyester
within the difunctional epoxy and the polyester polyol. The epoxy cures with itself and with the
polyol to create ethereal linkages. Losing 14% at 500 hours under the test conditions is an
improvement over the urethane acrylates of Examples 2 and 3.

[0070] Comparable Example 6 is a UV curable exoxy system having an higher ethereal content
product through use of a polyether polyol. It demonstrates a significant improvement at 8% loss.
This follows the thermodynamic data indicating that the ester linkages are weaker than ethers.

[0071] Comparative Example 7 incorporates a higher functional aromatic epoxy into an Example
#6 type of formulation. A lower weight loss of 5% was another step improvement and indicates
that cross-linking and aromaticity improve stability as would be assumed.

[0072] Comparative Example 8 is a UV-curable thiol-ene formulation with a difunctional
ethylenically-unsaturated monomer and an equivalent amount of trifunctional thiol monomer. This
material suffered a 15% loss after 500 hours at 200 °C.

[0073] Example 9 is a formulation according to the present disclosure, and demonstrates the
performance advantages of the presently described formulations. Example 9 includes a
trifunctional ethylenically-unsaturated monomer and an equivalent amount of trifunctional thiol
monomer. The weight loss improved dramatically, to the best of the series at <4.5% at 500 hours.

[0074] Example 10: A thiol-ene formulation of the following composition, having an aromatic
trifunctional ethylenically-unsaturated monomer and an aromatic trifunctional thiol monomer in a
ene:thiol ratio of ~2:1, was prepared:

Tradename {wt% {Chemical Name CAS# Supplier {Eq. wt.{Eqgs.
(g/mol)

L135 0.10 {Benzenepropanoic acid, (125643- {BASF
3,5-bis(1,1 dimethyl)-4- 61-0
hydroxy-, C7-9 branched

alkyl esters
D1173 3.78 §2-Hydroxy-2-methyl-1- 7473-98-5 {BASF
phenyl-propane-1-one
SR533 47.50 {1,3,5-Triallyl-1,3,5- 1025-15-6 {Sartomer 83 {0.57
triazine-2,4,6(1H,3H,5H)- Corp,
trione Evonik, RT
Vanderbilt
TEMPIC 48.60 §Tris[2- 36196-44- {Bruno Bocki 182 {0.27

(mercaptopropionyloxy)e {8
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Tradename {wt% {Chemical Name CAS# Supplier {Eq. wt. {Eqgs.
(g/mol)
thyllisocyancurate
100.0 Ratio {2.1
ene to
thiol

[0075] Example 11: A thiol-ene formulation of the following composition, having an aromatic
trifunctional ethylenically-unsaturated monomer and an aliphatic tetrafunctional thiol monomer in a
ene:thiol ratio of ~2:1, was prepared:

Tradename {wt% {Chemical Name CAS# Supplier Eq. wt. {Eqs.
(g/mol)

L135 0.10 {Benzenepropanoic acid, {125643- {BASF
3,5-bis(1,1 dimethyl)-4- {61-0
hydroxy-, C7-9

branched alkyl esters

D1173 3.68 {2-Hydroxy-2-methyl-1- {7473-98-5 {BASF
phenyl-propane-1-one
SR533 54.40 {1,3,5-Triallyl-1,3,5- 1025-15-6 {Sartomer 83 {0.66
triazine- Corp,
2,4,6(1H,3H,5H)-trione Evonik, RT
Vanderbilt

PETMP 41.80 { Pentaerythritol Tetra (3- {7575-23-7 {Bruno Bock 122 {0.34
mercaptopropionate)

Ratio 1.9
ene to
thiol

[0076] Example 12: A thiol-ene formulation of the following composition, having an aromatic
trifunctional ethylenically-unsaturated monomer and an aliphatic tetrafunctional thiol monomer in a
ene:thiol ratio of ~1:1, was prepared:

Tradename {wt% {Chemical Name CAS# Supplier Eq. wt. {Eqs.
(g/mol)

L135 0.10 {Benzenepropanoic acid, {125643- {BASF
3,5-bis(1,1 dimethyl)-4- {61-0
hydroxy-, C7-9

branched alkyl esters

D1173 3.10 }j2-Hydroxy-2-methyl-1- {7473-98-5 {BASF
phenyl-propane-1-one

SR533 39.20 {1,3,5-Triallyl-1,3,5- 1025-15-6 {Sartomer 83 0.47
triazine- Corp,
2,4,6(1H,3H,5H)-trione Evonik, RT

Vanderbilt
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Tradename {wt% {Chemical Name CAS# Supplier Eq. wt. {Eqs.
(g/mol)

PETMP 57.60 {Pentaerythritol Tetra (3- §7575-23-7 {Bruno Bock {122 0.47
mercaptopropionate)

Ratio 1.0
ene to
thiol

[0077] Example 13: A thiol-ene formulation of the following composition, having an aromatic
trifunctional ethylenically-unsaturated monomer and an aliphatic hexafunctional thiol monomer in
a ene:thiol ratio of ~2.5:1, was prepared:

Tradename {wt% {Chemical Name CAS# Supplier Eq. wt. { Eqs.
(g/mol)

L135 0.10 }Benzenepropanoic acid, {125643- {BASF
3,5-bis(1,1 dimethyl)-4- {61-0
hydroxy-, C7-9

branched alkyl esters

D1173 3.38 {2-Hydroxy-2-methyl-1- {7473-98-5 {BASF
phenyl-propane-1-one
SR533 59.00 {1,3,5-Triallyl-1,3,5- 1025-15-6 {Sartomer 83 0.71
triazine- Corp,
2,4,6(1H,3H,5H)-trione Evonik, RT
Vanderbilt

Di-PETMP {37.50 {Dipentaerythritol Hexa {25359-71- {Bruno Bock 131 {0.29
(3-mercaptopropionate) {1

Ratio {2.5
ene to
thiol

[0078] Heat resistance data for the formulations of Examples 10-14, together with data for
Comparative Example 1, are presented below:

hours at 200 °C
24 | 48 72 {120 {192 216 { 360 { 480 | 528 { 672 § 816 § 912 | 100

Ex.

C1§-1.10{-1.62{-1.85{-2.23§-2.80}-2.89}-3.46{-3.79{-3.93{-4.19{-4.55{-4.65{-4.75
10 §-3.13{-3.18{-3.24}-3.33§-3.44{-3.50{-3.62{-3.741-3.85{-3.92{-4.00{-4.06 {-4.11
11 {-2.33§-2.41§{-2.47{-2.61{-2.84}-2.97{-3.53{-3.89{-4.05{-4.45}-4.76{-4.91{-5.02
12 §-2.76§-3.35{-3.66{-4.063-4.52{-4.67{-5.29{-5.67§-5.82{-6.33{-6.48{-6.75§-7.02
13 §{-3.13{-3.80{-4.20{-4.50§-4.80{-4.90{-5.15}-5.29{-5.44{-5.66{-5.80{-5.92{-5.95

[0079] These data are presented in FIG. 3.
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[0080] Data were collected for the RTV silicone material of Comparative Example 1 at lower
sample rates and longer exposure times (i.e., up to 1000 C). At 1000 hours, the RTV silicone
material lost 4.75% of its weight.

[0081] Example 10 is a formulation according to the present disclosure, including a trifunctional
ethylenically-unsaturated monomer and a trifunctional thiol monomer, with an ene:thiol ratio of
about 2:1. Surprisingly, after 1000 hours, this sample with an ene:thiol ratio of 2:1 lost only about
4% of its weight after 1000 hours at 200 C. The formulation of Example 10 performed even better
than the formulation of Example 9 having an ene:thiol ratio of ~1:1.

[0082] Example 11 is a formulation according to the present disclosure, including an aromatic
trifunctional ethylenically-unsaturated monomer and an aliphatic tetrafunctional thiol monomer in a
ene:thiol ratio of ~2:1. This formulation also performed well, with about 5% loss at 1000 hours.

[0083] Example 12 is a formulation according to the present disclosure, including an aromatic
trifunctional ethylenically-unsaturated monomer and an aliphatic tetrafunctional thiol monomer in a
ene:thiol ratio of ~1:1. This formulation also performed well, with about 7% loss at 1000 hours. But
the performance was not as good as for the formulation of Example 11 having a ~2:1 ene:thiol
ratio.

[0084] Example 13 is a formulation according to the present disclosure, including an aromatic
trifunctional ethylenically-unsaturated monomer and an aliphatic hexafunctional thiol monomer in
a ene:thiol ratio of ~2.5:1. This formulation also performed well, with about 6% loss at 1000 hours.
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Patentkrav

1. En belagt optisk fiber omfattende:

en optisk glasfiber omfattende en glaskerne og en glaskappe anbragt om-
kring glaskernen; og
et haerdet reaktionsprodukt af en stralingsheerdelig optisk fiberbelaegnings-

sammensatning omfattende

mindst 20 veegt% af en eller flere mindst trifunktionelle ethylenisk
umeettede monomerer, der hver har tre eller flere fri radikal poly-
meriserbare ethylenisk umaettetheder;

mindst 20 veegt% af en eller flere mindst trifunktionelle thiol-mo-
nomerer, der hver har tre eller flere fri radikal polymeriserbare
thioler; og en effektiv mangde af en fri radikal fotoinitiator,

hvori forholdet mellem antallet af polymeriserbare ethylenisk
umaettetheder af den haerdelige sammensatning og antallet af po-
lymeriserbare thioler af den haerdelige sammensatning er mindst

omkring 1.

2. Den belagte optiske fiber ifolge krav 1, hvori forholdet mellem antallet af poly-
meriserbare ethylenisk umeettetheder af den heerdelige sammensatning og antallet
af polymeriserbare thioler af den heerdelige sammensaetning er iintervallet fra 1,90
til 5,00, f.eks. i intervallet fra 1,90-3,00.

3. Den belagte optiske fiber ifalge krav 1 eller krav 2, hvori mangden af de en eller
flere mindst trifunktionelle ethylenisk umesttede monomerer er mindst 35 veegt%,

f.eks. mindst 40 veegt%.

4. Den belagte optiske fiber ifolge et hvilket som helst af kravene 1-3, hvori mang-
den af de en eller flere mindste trifunktionelle thiol-monomerer er mindst 35

vaegt%, f.eks. mindst 40 veegt%.

5. Den belagte optiske fiber ifolge et hvilket som helst af kravene 1-4, hvori den
vaegtgennemsnitlige molekyleveegt af de mindst trifunktionelle ethylenisk umeet-

tede monomerer er mindre end 900 g/mol, f.eks. mindre end 750 g/mol, mindre
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end 600 g/mol, mindre end 400 g/mol eller mindre end 300 g/mol.

6. Den belagte optiske fiber ifglge et hvilket som helst af kravene 1-5, hvori mindst
50 vaegt% (f.eks. mindst 75 vaegt% eller mindst 95 vaegt% eller mindst 98 vaegt%)
af den samlede meengde af de en eller flere mindst trifunktionelle ethylenisk umeet-
tede monomerer bestar af 1,3,5-triallyl-1,3-5-triazine-2,4,6(1H,3H,5H)trione (tri-
allylisocyanurat); 2,4,6-triallyloxy-1 ,3,5-triazine (triallylcyanurat); triallyltrimesat;
trimethylolpropantri{imeth)acrylat; ethoxyleret trimethylolpropantri{imeth)acrylat;
propoxyleret trimethylolpropantriimeth)acrylat; pentaerythritoltetra(meth)acrylat;
ethoxyleret pentaerythritoltetra(meth)acrylat; propoxyleret pentaerythritolte-
tra(meth)acrylat; pentaerythritoltriimeth)acrylat; ethoxyleret pentaerythri-
toltriimeth)acrylat; propoxyleret pentaerythritoltriimeth)acrylat; ethoxyleret gly-
ceryltriimeth)acrylat; propoxyleret glyceryltriimeth)acrylat; tris(2-hydroxy-
ethyl}isocyanurate; allylerede eller (meth)acrylerede derivater af he-
xamethoxymethylmelamin med formlen CsNs- (N(CH20R)2)3, hvori hvert Rer H, (Ci-
Cq alkyl)-, allyl- eller (meth)acryl(C2-Cs alkyl)-, forudsat at mindst 3 R’er kan poly-
meriseres, herunder f.eks. forbindelsen hvori hvert R er allyl, forbindelsen hvori 3
R er methyl og 3 R er (meth)acryloxybutyl, og forbindelsen hvori 3 R er methyl og

3 Rer allyl; forbindelsen med en hvilken som helst af formlerne (1)-(VI)
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pentaerythritolallylether; og/eller trimethylolpropanallylether.

7. Den belagte optiske fiber ifglge et hvilket som helst af kravene 1-6, hvori mindst
50 veegt% (f.eks. mindst 75 vaegt%, mindst 95 vaegt% eller mindst 98 vaegt%) af
den samlede mengde af mindst trifunktionelle ethylenisk umesttede monomerer

bestar af aromatiske monomerer.

8. Den belagte optiske fiber ifolge et hvilket som helst af kravene 1-7, hvori den
vaegtgennemsnitlige molekylevaegt af de mindst trifunktionelle thiol-monomerer er
mindre end 900 g/mol, f.eks. mindre end 750 g/mol, mindre end 600 g/mol, mindre

end 400 g/mol eller mindre end 300 g/mol.
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9. Den belagte optiske fiber ifglge et hvilket som helst af kravene 1-8, hvori mindst
50 vaegt% (f.eks. mindst 75 vaegt% eller mindst 95 vaegt% eller mindst 98 vaegt%)
af den samlede mangde af de en eller flere mindst trifunktionelle thiol-monomerer
bestar af tris(2-(3-mercaptopropionyloxy)ethyl}isocyanurat; tris(2-(3-mercaptobu-
tyloxy)ethyl)isocyanurat; trimethylolpropantris(3-mercaptoproprionat); pentaeryt-
hritoltetrakis(3-mercaptoproprionat); dipentaerythritolhexa(3-mercaptoproprio-
nat); trimethylolpropantris(thioglycolat); tris[2-(2-mercaptoacetyloxy)ethyl] isocy-
anurat; pentaerythritoltetrakis(3-thioglycolat); dipentaerythritolhexa(thioglyco-
lat); 2,3-(dimercaptoethylthio)-1-mercaptopropan; og/eller 1,2,3-trimercaptopro-

pan.

10. Den belagte optiske fiber ifglge et hvilket som helst af kravene 1-9, hvori
mindst 50 veegt% (f.eks. mindst 75 veaegt%, mindst 95 veegt% eller mindst 98
veegt%) af den samlede mangde af mindst trifunktionelle thiol-monomerer bestar

af aromatiske monomerer.

11. Den belagte optiske fiber ifolge et hvilket som helst af kravene 1-10, hvori den
stralingsheaerdelige optiske fiberbeleegningssammensaetning yderligere omfatter en
eller flere monofunktionelle eller difunktionelle ethylenisk umasttede monomerer i
en samlet meengde af ikke mere end 50 vaegt% af den heerdelige sammensaetning
(f.eks. ikke mere end 40 vaegt%, ikke mere end 30 vaegt%), for eksempel hvori de
en eller flere monofunktionelle eller difunktionelle ethylenisk umattede monomerer
udveelges fra gruppen bestdende af trimethylolpropandiallylether, trimethylolpro-
pandi{meth)acrylat, allyl- eller (meth)acryl-terminerede polyoler, allyl- eller
(meth)acryl-terminerede urethan-oligomere, maleimider, bisallylbisphenol A; or-
tho,ortho-bisallylbisphenol A, bisphenol A diimeth)acrylat, alkoxyleret bisphenol A
di{imeth)acrylat, bisphenol A diglycidyletherdi{meth)acrylat, isobor-
nyl(meth)acrylat, phenoxyethyl(meth)acrylat, N,N-dimethylacrylamid, N,N-
diethylacrylamid, hexyl{meth)acrylat, 2-ethylhexyl(meth)acrylat, isobor-
nyl(meth)acrylat, decyl(meth)acrylat, lauryl(meth)acrylat, stearyl(meth)acrylat, 2-
ethoxyethoxy-ethyl(meth)acrylat, laurylvinylether, 2-ethylhexylvinylether, N-vinyl
formamid, isodecyl(meth)acrylat, isooctyl{meth)acrylat, vinylcaprolactam, N-vi-
nylpyrrolidon, ethylenglycolphenylether(meth)acrylat, polyethylenglycolphenylet-
her(meth)acrylat, polypropylenglycolphenylether(meth)acrylat, alkyl-substitue-
rede phenylderivater af de ovennavnte monomerer, sdasom polyethylenglycolno-
nylphenylether(meth)acrylat, C2-Cis-hydrocarbon-diol di(meth)acrylat, Cs-Cis-hy-

drocarbon divinyl-ethere, 1,6-hexandioldi(meth)acrylat, hexandioldivinylether,
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triethylenglycoldi{meth)acrylat, ethoxyleret bisphenol-A di{meth)acrylat, og tripro-
pylenglycol diimeth)acrylat og diallylftalat.

12. Den belagte optiske fiber ifglge et hvilket som helst af kravene 1-11, hvori den
stralingsheaerdelige optiske fiberbeleegningssammensaetning yderligere omfatter en
eller flere monofunktionelle eller difunktionelle thiol-monomerer, hvori den samlede
meangde af monofunktionelle eller difunktionelle thiol-monomerer ikke er mere en
50 vaegt% af den heaerdelige sammensaetning (f.eks. ikke mere end 40 vaegt%, ikke
mere end 30 vaegt%), for eksempel hvori de en eller flere monofunktionelle eller
difunktionelle thiol-monomerer udveelges fra gruppen bestaende af 2,5-dimercap-
tomethyl-1,4-dithian, 2,3-dimercapto-1-propanol, 2-mercapto-ethylsulfid, ethy-
lenglycolbis(thioglycolat), ethylenglycolbis(3-mercaptopropionat), 1,6-hexan-

edithiol, 1,2-benzendithiol, 1,3-benzenedithiol, og isophorondiurethanthiol.

13. Den belagte optiske fiber ifalge et hvilket som helst af kravene 1-12, hvori den
stralingshaerdelige optiske fiberbeleegningssammensastning ikke udviser mere end
4% vaegttab ved 500 timer og ikke mere end 6% vaegttab ved 1000 timer ved 200
°C i luft, nar heerdet som en 7 mm tyk film ved eksponering for en metalhalogen-

lampe og derefter tilladt at eeldes i mindst en dag fer varmetestning.

14. Den belagte optiske fiber ifplge krav 1, hvori i den stralingsheardelige optiske

fiberbeleegningssammensaestning

forholdet mellem antallet af polymeriserbare ethylenisk umettetheder af
den heaerdelige sammensatning og antallet af polymeriserbare thioler af
den haerdelige sammensaetning er i intervallet fra 1,90 til 5,00, f.eks. i
intervallet 1,90-3,00;

mengden af de en eller flere mindst trifunktionelle ethylenisk umeettede
monomerer er mindst 35 vaegt%, f.eks. mindst 40 vaegt%;

mangden af de en eller flere mindst trifunktionelle thiol-monomerer er
mindst 35 vaegt%, f.eks. mindst 40 vaegt%;

den veegtgennemsnitlige molekylevaegt af de mindst trifunktionelle ethyle-
nisk umaettede monomerer er mindre end 900 g/mol, f.eks. mindre end
750 g/mol, mindre end 600 g/mol, mindre end 400 g/mol eller mindre end
300 g/mol;

mindst 50 vaegt% (f.eks. mindst 75 vaegt%, mindst 95 vaegt% eller mindst
98 vaegt%) af den samlede mangde af mindst trifunktionelle ethylenisk

umasttede monomerer bestar af aromatiske monomerer;
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den vaegtgennemsnitlige molekylevaegt af de mindst trifunktionelle thiol-
monomerer er mindre en 900 g/mol, f.eks. mindre end 750 g/mol, mindre
end 600 g/mol, mindre end 400 g/mol eller mindre end 300 g/mol;
mindst 50 veegt% (f.eks. mindst 75 vaegt%, mindst 95 veegt% eller mindst
98 vaegt% ) af den samlede mangde af mindst trifunktionelle thiol-mono-
merer bestar af aromatiske monomerer;

ikke mere end 30 vaegt% af monofunktionelle eller difunktionelle ethyle-
nisk umeaettede monomerer er tilstede;

ikke mere end 20 veegt% af copolymeriserbare oligomerer er til stede.

15. En fremgangsmade til fremstilling af en belagt optisk fiber ifalge et hvilket som

helst af kravene 1-14, fremgangsmaden omfatter

tilvejebringe en optisk glasfiber omfattende en glaskerne og en glaskappe
anbragt omkring glaskernen;

anbringe den stralingsheerdelige optiske fiberbeleegningssammensaetning
omkring den optiske glasfiber (f.eks. pa overfladen af den optiske glasfi-
ber); og

haerde den stralingshaerdelige optiske fiberbelaegningssammensatning an-
bragt omkring den optiske glasfiber ved at eksponerer den for ultraviolet

straling.
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