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COATING MATERIAL FOR OPTICAL FIBER,
COATED OPTICAL FIBER, AND
MANUFACTURING METHOD OF COATED
OPTICAL FIBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/JP2018/012794, filed
Mar. 28, 2018, which claims the benefit of Japanese Patent
Application No. 2017-161399, filed Aug. 24, 2017. The
contents of the aforementioned applications are incorporated
herein by reference in their entireties.

TECHNICAL FIELD

[0002] The disclosure relates to a coating material for an
optical fiber, a coated optical fiber including the coating
material, and a manufacturing method of the coated optical
fiber.

BACKGROUND ART

[0003] In general, optical fiber is manufactured by coating
an outer circumference of a glass optical fiber drawn from a
preform (also referred to as an optical fiber base material)
with an ultraviolet curable resin and curing the ultraviolet
curable resin by ultraviolet irradiation. A coating layer of an
optical fiber is intended for preventing breakage of a glass
optical fiber that is a waveguide, preventing entry of dirt
such as dust or moisture, and preventing transmission loss of
light occurring when force applied from the outside of the
optical fiber causes a micro deformation (micro bending) of
the glass optical fiber. To achieve these purposes, high
interface adhesion is required between a glass optical fiber
and a coating layer.

[0004] Optical fibers are used in various environments
including outdoors. It is therefore desirable that interface
adhesion between the glass optical fiber and the coating
layer be maintained even in a high humidity atmosphere.
However, an ultraviolet curable resin suitable for optical
fiber coating layers does not strongly adhere to the surface
of'a glass as it stands. Furthermore, when moisture enters the
coating layer, the adhesive between the glass optical fiber
and the coating layer is significantly reduced.

[0005] To improve interface adhesion between a glass
optical fiber and a coating layer, for example, Patent Lit-
eratures 1 and 2 disclose a technology in which a silane
coupling agent is added to a coating material containing an
ultraviolet curable resin. The silane coupling agent reacts or
interacts with the surface of the glass optical fiber by a
hydrolysis reaction and a dehydration condensation reaction
and improves interface adhesion.

CITATION LIST

Patent Literature

[0006] Patent Literature 1: Japanese Patent Application
Laid-Open No. S59-92947

[0007] Patent Literature 2: Japanese Patent Application
Laid-Open No. 2005-504698

[0008] Patent Literature 3: Japanese Patent Application
Laid-Open No. 2013-91575

[0009] Patent Literature 4: Japanese Patent Application
Laid-Open No. 2003-531799
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SUMMARY

Technical Problem

[0010] It is known that the reaction rates of a hydrolysis
reaction and a dehydration condensation reaction of a silane
coupling agent generally increase under an acidic or basic
environment. Accordingly, to facilitate the reaction of a
silane coupling agent and improve interface adhesion, a
method of using an acidic or basic resin composition as a
coating material has been considered.

[0011] However, an acidic resin composition has a sig-
nificantly high viscosity and may not be applied on the glass
optical fiber evenly. Further, a basic resin composition
damages a glass optical fiber, and the strength of the glass
optical fiber decreases. Furthermore, when a resin compo-
sition is acidic or basic, this causes natural progress of a
reaction of a silane coupling agent during storage and causes
cloudiness of the resin composition. That is, in the method
of using an acidic or basic resin composition, since storage
stability or performance of the resin composition itself
significantly changes and handling of the resin composition
is difficult, there is a problem that manufacture of a coated
optical fiber is more difficult than before.

[0012] The technique disclosed in Patent Literature 3
facilitates a reaction of a silane coupling agent by applying
an acidification material on the surface of a glass optical
fiber instead of using an acidic resin composition itself. In
such a method, however, not only the application process of
the acidification material is increased, but also the acidifi-
cation material is likely to damage a facility, and it is difficult
to control an application amount of the acidification mate-
rial, and thus there still is a problem that the manufacture of
a coated optical fiber is more difficult than before.

[0013] Further, the technique disclosed in Patent Litera-
ture 4 includes a component such as poly(alkoxy)silane in a
coating composition together with a catalyst compound that
generates protons when exposed to radiation and hydrolyzes
the composition.

[0014] Even when a photoacid generator such as a cata-
Iytic compound as disclosed in Patent Literature 4 facilitates
a reaction of a silane coupling agent, however, the generated
acid itself does not contribute to interaction of the interface
between a glass optical fiber and a coating layer. In the
technology disclosed in Patent Literature 4, interface adhe-
sion between the glass optical fiber and the coating layer will
depend on the type or the amount of the silane coupling
agent included in the coating composition.

[0015] The disclosure has been made in view of the
problems described above and intends to provide a coating
material for an optical fiber that can improve interface
adhesion between a glass optical fiber and a coating layer
and can easily coat a glass optical fiber, and a coated optical
fiber including the coating material and a manufacturing
method thereof.

Solution to the Problem

[0016] According to a first aspect of the disclosure, pro-
vided is a coating material for an optical fiber including: an
ultraviolet curable resin; a silane coupling agent; at least one
of a photoacid generator that generates an acid by light
irradiation and a thermal acid generator that generates an
acid by heat; and a compound including an epoxy group.
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[0017] According to a second aspect of the disclosure,
provided is a coated optical fiber having: a glass optical
fiber; and a coating layer that coats the glass optical fiber,
and at least one layer forming the coating layer is formed of
the coating material for an optical fiber.

[0018] According to a third aspect of the disclosure,
provided is a manufacturing method of a coated optical fiber
including steps of: drawing a glass optical fiber; coating the
glass optical fiber with a coating material including an
ultraviolet curable resin, a silane coupling agent, at least one
of a photoacid generator generating an acid by light irradia-
tion and a thermal acid generator generating an acid by heat,
and a compound having an epoxy group; curing the ultra-
violet curable resin by irradiating the glass optical fiber
coated with the coating material with ultraviolet light; and
causing at least one of the photoacid generator and the
thermal acid generator to generate the acid.

Advantageous Effects of Invention

[0019] According to the disclosure, interface adhesion
between a glass optical fiber and a coating layer can be
improved, and a coating material for an optical fiber can be
easily coated.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a sectional view of a coated optical fiber
according to a first embodiment.

[0021] FIG. 2 is a schematic diagram of a manufacturing
apparatus used for a manufacturing method of the coated
optical fiber according to the first embodiment.

[0022] FIG. 3 is a diagram illustrating a flowchart of the
manufacturing method of the coated optical fiber according
to the first embodiment.

[0023] FIG. 4 is a schematic diagram of a manufacturing
apparatus used for a manufacturing method of a coated
optical fiber according to a second embodiment.

[0024] FIG. 5 is a schematic diagram of the manufacturing
apparatus used for the manufacturing method of the coated
optical fiber according to the second embodiment.

[0025] FIG. 6 is a schematic diagram of the manufacturing
apparatus used for the manufacturing method of the coated
optical fiber according to the second embodiment.

[0026] FIG. 7 is a diagram illustrating a flowchart of the
manufacturing method of the coated optical fiber according
to the second embodiment.

DESCRIPTION OF EMBODIMENTS

[0027] While the embodiments of the disclosure will be
described below with reference to the drawings, the disclo-
sure is not limited to the present embodiments. Note that
components having the same function in the drawings
described below are labeled with the same reference, and the
repeated description thereof may be omitted.

First Embodiment

[0028] FIG. 1 is a sectional view of a coated optical fiber
10 according to the present embodiment. As illustrated in
FIG. 1, the coated optical fiber 10 has a glass optical fiber 11
and a two-layered coating layer 14 including a primary layer
12 (primary coating layer) that is a soft material layer and a
secondary layer 13 (secondary coating layer) that is a hard
material layer coated on the outer circumference of the glass
optical fiber 11.

Jun. 11, 2020

[0029] The primary layer 12 is a flexible soft material
layer having a Young’s modulus that is larger than or equal
to 0.2 MPa and smaller than or equal to 3.0 MPa, preferably
having a Young’s modulus that is larger than or equal to 0.3
MPa and smaller than or equal to 1.5 MPa. In contrast, the
secondary layer 13 is a hard material layer, which is rela-
tively hard, having a Young’s modulus that is larger than or
equal to 500 MPa and smaller than or equal to 2500 MPa,
preferably having a Young’s modulus that is larger than or
equal to 800 MPa and smaller than or equal to 1800 MPa.
Each of the primary layer 12 and the secondary layer 13 is
formed of a layer formed by irradiating a coating material
for an optical fiber containing an ultraviolet curable resin
with ultraviolet light for curing, and has a function of
protecting the glass optical fiber 11.

[0030] The coated optical fiber 10 is not limited to the
configuration illustrated in FIG. 1. For example, the coating
layer 14 may be formed of a single layer having a Young’s
modulus that is larger than or equal to 0.2 MPa and smaller
than or equal to 1500 MPa, preferably a Young’s modulus
that is larger than or equal to 30 MPa and smaller than or
equal to 1000 MPa. Further, the coating layer 14 may
include three or more layers. Further, the coated optical fiber
10 may take a form of an optical fiber core further including
a colored layer coated on the outer circumference of the
coating layer 14. Further, the coated optical fiber 10 may
take a form of an optical fiber tape core further having a
collective coating layer used for bundling a plurality of
coated optical fibers 10.

[0031] The diameter of the glass optical fiber 11 is typi-
cally larger than or equal to 80 um and smaller than or equal
to 150 um, and generally larger than or equal to 124 pm and
smaller than or equal to 126 pum. The thickness of the
primary layer 12 is typically greater than or equal to 5 pm
and less than or equal to 50 um. Further, the thickness of the
secondary layer 13 is typically thicker than or equal to 5 um
and thinner than or equal to 50 pm. Further, the diameter of
the coated optical fiber 10 (that is, the outer diameter of the
secondary layer 13) is typically thicker than or equal to 245
um and thinner than or equal to 255 pm.

[0032] The coating material for an optical fiber according
to the present embodiment is used as a coating material of
the coating layer 14, and at least one of the layers forming
the coating layer 14 is formed of the coating material for an
optical fiber according to the present embodiment. The
coating material for an optical fiber according to the present
embodiment is preferably used as a coating material of the
primary layer 12 or a coating material of a coating layer in
contact with the glass optical fiber 11, such as the coating
layer 14 formed of a single layer, for example. The coating
material of the coating layer 14 as a coating material for an
optical fiber according to the present embodiment will be
described in detail below. The term “coating material of the
coating layer 14” can mean a coating material of the primary
layer 12 when the coating layer 14 includes the primary
layer 12 and the secondary layer 13 and can mean a coating
material of the coating layer 14 of interest when the coating
layer 14 is formed of a single layer.

[0033] The coating material of the coating layer 14 con-
tains an ultraviolet curable resin. The ultraviolet curable
resin included in the coating material for an optical fiber is
not particularly limited as long as it can be polymerized by
light. The ultraviolet curable resin may be a resin that can be
polymerized by photoradical polymerization or the like, for
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example. The ultraviolet curable resin may be an ultraviolet
curable resin having a polymerizable unsaturated group such
as an ethylenic unsaturated group polymerized and cured by
an ultraviolet light such as urethane (meth)acrylates such as
polyether-based urethane (meth)acrylates and polyester-
based urethane (meth)acrylates, epoxy (meth)acrylates,
polyester (meth)acrylates, or the like, for example, and it is
preferable that the resin have at least two polymerizable
unsaturated groups. A polymerizable unsaturated group in
the ultraviolet curable resin may be, for example, a group
having an unsaturated double bond such as a vinyl group, an
allyl group, an acryloyl group, a methacryloyl group, or the
like, a group having an unsaturated triple bond such as a
propargyl group, or the like. The acryloyl group and the
methacryloyl group are preferable out of the groups
described above in terms of polymerizability. The ultraviolet
curable resin may be a monomer, an oligomer, or a polymer
that initiates polymerization by ultraviolet irradiation to be
cured and preferably is an oligomer. Note that the oligomer
is a polymer having a degree of polymerization of 2 to 100.
Further, in the present specification, the term “(meth)acry-
lates” means one or both of acrylates and methacrylates.

[0034] Polyether-based urethane (meth)acrylate is a com-
pound having a polyether segment, (meth)acrylate, and a
urethane bond as with a product in a reaction of polyol
having a polyether framework with an organic polyisocya-
nate compound and hydroxyalkyl (meth)acrylate. Further,
polyester-based urethane (meth)acrylate is a compound hav-
ing a polyester segment, (meth)acrylate, and a urethane bond
as with a product in a reaction of polyol having a polyester
framework with an organic polyisocyanate compound and
hydroxyalkyl (meth)acrylate.

[0035] Further, the ultraviolet curable resin may include,
for example, a diluent monomer, a photosensitizer, a chain
transfer agent, and various additives in addition to an
oligomer and a photopolymerization initiator. As a diluent
monomer, monofunctional (meth)acrylate, or polyfunctional
(meth)acrylate is used. The diluent monomer here means a
monomer used for diluting an ultraviolet curable resin.

[0036] Monofunctional (meth)acrylate or polyfunctional
(meth)acrylate as a diluent monomer may be the followings.
For example, di(meth)acrylate such as butanediol di(meth)
acrylate, hexanediol di(meth)acrylate, ethoxylated hexane-
diol di(meth)acrylate, propoxylated hexanediol di(meth)
acrylate, diethyleneglycol di(meth)acrylate,
polyethyleneglycol di(meth)acrylate, polypropyleneglycol
di(meth)acrylate, neopentylglycol di(meth)acrylate, ethoxy-
lated neopentylglycol di(meth)acrylate, hydroxypivalic acid
neopentylglycol di(meth)acrylate, or the like; mono(meth)
acrylate such as 2-hydroxyethyl (meth)acrylate, 2-hydroxy-
propyl(meth)acrylate, 2-hydroxybutyl (meth)acrylate, n-bu-
tyl (meth)acrylate, isobutyl (meth)acrylate, t-butyl (meth)
acrylate, glycidyl (meth)acrylate, acryloyl morpholine,
N-vinyl pyrrolidone, tetrahydrofurfuryl acrylate, cyclohexyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, isobornyl
(meth)acrylate, isodecyl (meth)acrylate, lauryl (meth)acry-
late, tridecyl (meth)acrylate, cetyl (meth)acrylate, stearyl
(meth)acrylate, benzyl (meth)acrylate, 2-ethoxyethyl (meth)
acrylate, 3-methoxybutyl (meth)acrylate, ethylcarbitol
(meth)acrylate, phosphoric acid (meth)acrylate, ethylene
oxide modified phosphoric acid (meth)acrylate, phenoxy
(meth)acrylate, ethylene oxide modified phenoxy (meth)
acrylate, propylene oxide modified phenoxy (meth)acrylate,
nonylphenol (meth)acrylate, ethylene oxide modified non-

Jun. 11, 2020

ylphenol (meth)acrylate, propylene oxide modified nonyl-
phenol (meth)acrylate, methoxy diethyleneglycol (meth)
acrylate, methoxypolyethylene glycol (meth)acrylate,
methoxypropylene glycol (meth)acrylate, 2-(meth)acryloy-
loxyethyl-2-hydroxypropyl phthalate, 2-hydroxy-3-phe-
noxypropyl (meth) acrylate, 2-(meth)acryloyloxyethyl
hydrogen phthalate, 2-(meth)acryloyloxypropyl hydrogen
phthalate, 2-(meth)acryloyloxypropyl hexahydrohydrogen
phthalate, 2-(meth)acryloyloxypropyl tetrahydrohydrogen
phthalate, dimethylaminoethyl (meth)acrylate, trifftuoroethyl
(meth)acrylate, tetrafluoropropyl (meth) acrylate, hexafiuo-
ropropyl (meth)acrylate, octafluoropropyl (meth)acrylate,
adamantyl mono (meth)acrylate, or the like; tri(meth)acry-
late such as trimethylolpropane tri(meth)acrylate, ethoxy-
lated trimethylolpropane tri(meth)acrylate, propoxylated
trimethylolpropane tri(meth)acrylate, tris 2-hydroxyethyl
isocyanurate tri(meth)acrylate, glycerin tri(meth)acrylate,
pentaerythritol tri(meth)acrylate, dipentaerythritol tri(meth)
acrylate, ditrimethylolpropane tri(meth)acrylate, or the like;
tetrafunctional or higher polyfunctional (meth)acrylate such
as pentaerythritol tetra(meth)acrylate, ditrimethylolpropane
tetra(meth)acrylate, dipentaerythritol tetra(meth)acrylate,
dipentaerythritol penta(meth)acrylate, ditrimethylolpropane
penta(meth)acrylate, dipentaerythritol hexa(meth)acrylate,
ditrimethylolpropane hexa(meth)acrylate, or the like; or
polyfunctional (meth)acrylate in which a part of the (meth)
acrylate is substituted with an alkyl group or e-caprolactone,
or the like may be used.

[0037] One type of the diluent monomers described above
may be used, or two or more types of the diluent monomers
may be used in combination. In consideration of the abrasion
resistance of the coating layer 14 that is a coating film to be
obtained, the addition amount of the diluent monomer is
preferably less than or equal to 100 parts by mass, more
preferably 10 to 70 parts by mass with respect to an oligomer
of 100 parts by mass.

[0038] Further, the coating material of the coating layer 14
contains a silane coupling agent that interacts with the
surface of the glass optical fiber 11 by hydrolysis and
dehydration condensation and an acid generator that gener-
ates an acid such as a Lewis acid, a Brensted acid, or the like
by the application of energy. The acid generated from an
acid generator facilitates hydrolysis and dehydration con-
densation of a silane coupling agent, and adhesion between
the resin included in the coating layer 14 and the glass
optical fiber 11 is improved.

[0039] An acid generator that generates an acid by appli-
cation of energy is, specifically, a photoacid generator that
generates an acid by light irradiation or a thermal acid
generator that generates an acid by heat. The coating mate-
rial of the coating layer 14 contains at least one of a
photoacid generator and a thermal acid generator. The
coating material of the coating layer 14 may contain both of
a photoacid generator and a thermal acid generator. The
photoacid generator and the thermal acid generator included
in the coating material of the coating layer 14 will be
described below in the order.

[Photoacid Generator]

[0040] A photoacid generator generates an acid by absorb-
ing an irradiation light (generally, an ultraviolet light),
subsequently being decomposed, and removing hydrogen
from a solvent or the photoacid generator itself. The light
absorbed by the photoacid generator is different in accor-
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dance with the type of photoacid generator and is an
ultraviolet light in a wavelength region that is approximately
longer than or equal to 10 nm and shorter than or equal to
405 nm, for example. It is preferable that the wavelength
region of the light used for curing the ultraviolet curable
resin included in the coating material of the coating layer 14
and the wavelength region of the light used for causing the
photoacid generator to generate an acid at least partially
overlap each other. Thereby, the curing of the ultraviolet
curable resin and the generation of an acid by the photoacid
generator can be simultaneously performed by using a light
from a single light source.

[0041] The photoacid generator that can be used as the
coating material of the coating layer 14 is not particularly
limited as long as the agent generates an acid by light
irradiation. Photoacid generators can be roughly classified
into onium salt-based photoacid generators and nonionic
photoacid generators. In the present embodiment, while at
least one of the onium salt-based photoacid generator and
the nonionic photoacid generator is used, other types of
photoacid generators may be used.

[0042] An onium salt-based photoacid generator that can
be used as the coating material of the coating layer 14 may
be, but not particularly limited to, an organic sulfonium salt
compound, an organic iodonium salt compound, an organic
oxonium salt compound, an organic ammonium salt com-
pound, or an organic phosphonium salt compound, which
has a counter anion such as a hexafluoroantimonate anion, a
tetrafluoroborate anion, a hexafluorophosphate anion, a
hexachloroantimonate anion, a trifluoromethanesulfonate
ion, a fluorosulfonate ion, or the like, for example. Specifi-
cally, the counter anion is, for example, B(C.F),”, SbF,~,
SbF,~, AsF,~, PF,~, BF,”, CF;SO;", or the like. One type of
the above may be used, or two or more types of the above
may be mixed and used.

[0043] A commercially available onium salt-based pho-
toacid generator may be, for example, IRGACURE (regis-
tered trademark, hereafter, omitted) 250, IRGACURE 270,
IRGACURE PAG 290, GSID 26-1 (so far, manufactured by
BASEF, product name), WPI-113, WPI-116, WPI-116, WPI-
169, WPI-170, WPI-124, WPAG-336, WPAG-367, WPAG-
370, WPAG-469, WPAG-638 (so far, manufactured by
Wako Pure Chemical Industries, Ltd., product name),
B2380, B2381, C1390, D2238, D2248, D2253, 10591,
N1066, T1608, T1609, T2041, T2042 (so far, manufactured
by Tokyo Chemical Industry Co., Ltd., product name),
CPI-100, CPI-100P, CPI-101A, CPI-200K, CPI-210S, IK-1,
1IK-2, CPI-310B, CPI-410S (so far, manufactured by San-
Apro Ltd., product name), SP-056, SP-066, SP-130, SP-140,
SP-150, SP-170, SP-171, SP-172 (so far, manufactured by
ADEKA Corporation, product name), CD-1010, CD-1011,
CD-1012 (so far, manufactured by Sartmar, product name),
P12074 (manufactured by Rhodia Japan Ltd., product name),
or the like.

[0044] A nonionic photoacid generator that can be used as
the coating material of the coating layer 14 may be, but not
particularly limited to, a phenacyl sulfone type photoacid
generator, an o-nitrobenzyl ester type photoacid generator,
an iminosulfonate type photoacid generator, a sulfonic acid
ester type photoacid generator of N-hydroxyimide, or the
like, for example. One type of the above may be used, or two
or more types of the above may be mixed and used. A
specific compound of the nonionic photoacid generator may
be, for example, sulfonyl diazomethane, oxime sulfonate,
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imidosulfonate, 2-nitrobenzylsulfonate, disulfone, pyro-
gallolsulfonate, p-nitrobenzyl-9,10-dimethoxyanthracene-2-
sulfonate, N-sulfonyl-phenylsulfonamide, triftuoromethane-
sulfonic acid-1,8-naphthalimide, nonafluorobutanesulfonic
acid-1,8-naphthalimide, perfluorooctanesulfonic acid-1,8-
naphthalimide, pentafluorobenzenesulfonic acid-1,8-naph-
thalimide, nonafluorobutanesulfonic acid-1,3,6-trioxo-3,6-
dihydro-1H-11-thia-azacyclopentaanthracene-2-yl ester,
nonafluorobutanesulfonic acid-8-isopropyl-1,3,6-trioxo-3,6-
dihydro-1H-11-thia-2-azacyclopentaanthracene-2-yl ester,
1,2-naphthoquinone-2-diazide-5-sulfonic acid chloride, 1,2-
naphthoquinone-2-diazide-4-sulfonic acid chloride, 1,2-
benzoquinone-2-diazide-4-sulfonic acid chloride, 1,2-naph-

thoquinone-2-diazide-5-sodium sulfonate, 1,2-
naphthoquinone-2-diazide-4-sodium sulfonate, 1,2-
benzoquinone-2-diazide-4-sodium sulfonate, 1,2-

sulfonate, 1,2-
sulfonate, 1,2-

naphthoquinone-2-diazide-5-potassium
naphthoquinone-2-diazide-4-potassium
benzoquinone-2-diazide-4-potassium sulfonate, 1,2-
naphthoquinone-2-diazide-5-methyl sulfonate, 1,2-
benzoquinone-2-diazido-4-methyl sulfonate, or the like.
[0045] A commercially available nonionic photoacid gen-
erator may be, for example, WPAG-145, WPAG-149,
WPAG-170, WPAG-199 (so far, manufactured by Wako
Pure Chemical Industries, Ltd., product name), D2963,
F0362, M1209, M1245 (so far, manufactured by Tokyo
Kasei Kogyo Co., Ltd., product name), SP-082, SP-103,
SP-601, SP-606 (so far, manufactured by ADEKA Corpo-
ration, product name), SIN-11 (manufactured by San-Apro
Ltd., product name), NT-1TF (manufactured by San-Apro
stock Company-made, product name) or the like.

[Thermal Acid Generator|

[0046] A thermal acid generator is used as a thermal latent
cationic initiator for thermal curing of an epoxy resin or the
like and is decomposed to generate an acid when heated at
a temperature higher than or equal to a predetermined
temperature. The acid generation temperature (decomposi-
tion temperature) of a thermal acid generator used in the
present embodiment, which is different in accordance with
the type of thermal acid generator, is preferably higher than
or equal to 60 degrees Celsius and lower than or equal to 200
degrees Celsius, particularly preferably higher than or equal
to 80 degrees Celsius and lower than or equal to 150 degrees
Celsius in order to reduce influence on the coating optical
fiber 10.

[0047] The thermal acid generator that can be used as the
coating material of the coating layer 14 is not particularly
limited as long as the agent generates an acid by thermal
decomposition. For example, an onium salt thermal acid
generator such as an organic onium salt-based compound in
which a cationic component and an anionic component are
paired is used as a thermal acid generator. A cationic
component of the thermal acid generator may be, for
example, an organic sulfonium salt compound, an organic
oxonium salt compound, an organic ammonium salt com-
pound, an organic phosphonium salt compound, an organic
iodonium salt compound, or the like. Further, an anionic
component of the thermal acid generator may be, for
example, B(C.F,),”, SbF,~, SbF,”, AsF,~, PFF,~, BF,",
CF;SO;7, or the like. Further, for example, an organome-
tallic complex such as an aluminum chelate complex, an
iron-allene complex, a titanocene complex, an allylsilanol-
aluminum complex, or the like, an oxime sulfonate-based
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acid generator, diazomethane-based acid generator such as
bis(alkyl) or bis(arylsulfonyl)diazomethanes, poly(bis(sul-
fonyl))diazomethanes, or the like, a nitrobenzyl sulfonate-
based acid generator, an iminosulfonate-based acid genera-
tor, a disulfone-based acid generator, or the like functions as
athermal acid generator. One type of the above may be used,
or two or more types of the above may be mixed and used.
[0048] A commercially available thermal acid generator
may be, for example, K-PURE (registered trademark, here-
inafter, omitted) CXC-1612, K-PURE CXC-1613, K-PURE
CXC-1614, K-PURE CXC-1738, K-PURE CXC-2700,
K-PURE TAG-2689, K-PURE TAG-2681, K-PURE TAG-
2685, K-PURE TAG-2690, K-PURE TAG-2712, K-PURE
TAG-2713 (so far, manufactured by KING INDUSTRIES,
product name), San-Aid SI-45L, San-Aid SI-60L, San-Aid
SI-80L, San-Aid SI-100L, San-Aid SI-110L, San-Aid
SI-150L, San-Aid SI-300, San-Aid SI-360, San-Aid
SI-B2A, San-Aid SI-B3A, San-Aid SI-B3, San-Aid SI-B4,
San-Aid SI-B5, San-Aid SI-B7 (so far, manufactured by
Sanshin Chemical Industry Co., Ltd., product name), or the
like.

[0049] Each addition amount of the photoacid generator
and the thermal acid generator, which is an acid generator
that generates an acid by application of energy described
above, can be set as described below.

[0050] The addition amount of the photoacid generator is
preferably larger than or equal to 0.01 wt %, more preferably
larger than or equal to 0.1 wt % with respect to the coating
material of the coating layer 14. When the photoacid gen-
erator is less than the preferable amount, the progression rate
of a hydrolysis reaction and a dehydration condensation
reaction of the silane coupling agent decreases due to a
reduction in the amount of acid generated from the pho-
toacid generator, and development of adhesiveness between
the coating layer 14 and the glass optical fiber 11 takes time.
Note that “wt %” indicates a concentration in percent by
weight (the same applies below).

[0051] Further, the addition amount of the photoacid gen-
erator is preferably smaller than or equal to the addition
amount of the photopolymerization initiator described
below included in the coating material of the coating layer
14, more preferably smaller than the addition amount of the
photopolymerization initiator. When the photoacid generator
is added more than the photopolymerization initiator, since
the reaction of the photopolymerization initiator, which also
absorbs ultraviolet light and generates radical species, is
inhibited, curability of the coating layer 14 may decrease,
and the elastic modulus may decrease. Specifically, the
addition amount of the photoacid generator is preferably
smaller than or equal to 10 wt %, more preferably smaller
than or equal to 5 wt % with respect to the coating material
of the coating layer 14. By adding a photoacid generator at
such an addition amount, it is possible to cause the photo-
polymerization initiator to react sufficiently, and it is pos-
sible to obtain sufficient curability for the primary layer 12.
Note that sufficient curability of the primary layer corre-
sponds to a state where the primary layer 12 has the Young’s
modulus that is larger than or equal to 0.2 MPa and smaller
than or equal to 3.0 MPa, preferably larger than or equal to
0.3 MPa and smaller than or equal to 1.5 MPa after curing
so that the coated optical fiber 10 maintains the character-
istics and the function.

[0052] The addition amount of the thermal acid generator
is preferably larger than or equal to 0.01 wt % and smaller
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than or equal to 10 wt %, more preferably larger than or
equal to 0.1 wt % and smaller than or equal to 5 wt % with
respect to the coating material of the coating layer 14. With
a smaller amount than such a preferable range, facilitating
effect for hydrolysis and polycondensation reaction of the
silane coupling agent decreases due to a reduction in the
amount of the generated acid, and development of adhesive-
ness between the coating layer 14 (primary layer 12) and the
glass optical fiber 11 takes time. With a larger amount than
such a preferable range, storage stability of the coating
material may decrease.

[0053] The photoacid generator and the thermal acid gen-
erator described above may be used in combination with
each other. The excessive addition of a photoacid generator
may inhibit a reaction of a photopolymerization initiator
described below, which similarly absorbs ultraviolet light
and generates radical species. Accordingly, by using a
photoacid generator and a thermal acid generator in combi-
nation, it is possible to compensate the effect of a photoacid
generator while suppressing inhibition of a reaction of a
photopolymerization initiator.

[0054] Note that, the addition amount of the acid generator
in the coating material of the coating layer 14 is preferably
smaller than or equal to the amount of photopolymerization
initiator, more preferably smaller than the addition amount
of the photopolymerization initiator. Note that an addition
amount of an acid generator here means an addition amount
of a photoacid generator when the photoacid generator out
of the photoacid generator and the thermal acid generator is
added alone, and an addition amount of a thermal acid
generator when the thermal acid generator out of the pho-
toacid generator and the thermal acid generator is added
alone. Furthermore, an addition amount of an acid generator
here means the total addition amount of a photoacid gen-
erator and a thermal acid generator when the photoacid
generator and the thermal acid generator are used in com-
bination. An addition amount of a photoacid generator when
added alone is defined as described above. With respect to
the addition amount of a thermal acid generators when
added alone, an acid may occur during storage, which may
facilitate a polycondensation reaction of a silane coupling
agent and reduce long term storage stability of a coating
material. Further, when a photoacid generator and a thermal
acid generator are used in combination, it is preferable that
the total addition amount of the photoacid generator and the
thermal acid generator be smaller than or equal to the
addition amount of a photopolymerization initiator so as to
reduce influence of the photoacid generator and the thermal
acid generator on the photopolymerization initiator.

[0055] In the present embodiment, since at least one of a
photoacid generator and a thermal acid generator is added to
the coating material of the coating layer 14, the reaction of
a silane coupling agent can be facilitated by adding at least
one of light and heat during manufacture of the optical fiber.
Furthermore, the generated acid enables the reaction of the
epoxy group of an epoxy compound to proceed. Since
substantially no acid is generated from the photoacid gen-
erator and the thermal acid generator without addition of
light and heat, it is easy to handle the coating material.
[0056] A thermal acid generator can generate an acid due
to heat from the light source during curing of an ultraviolet
curable resin or reaction heat of the resin itself without
requiring an additional special step. Further, a heating step
to generate an acid from a thermal acid generator may be set
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separately. In such a case, as with heat aging described
below, a device used for heating an optical fiber core after an
ultraviolet curable resin is cured may be installed in the
post-stage of an ultraviolet irradiation apparatus, or the
manufactured optical fiber core may be set inside a thermo-
static incubator to perform heat aging. It is therefore possible
to accelerate improvement of adhesiveness between the
coating layer 14 and the glass optical fiber 11.

[0057] In terms of reducing influence of heating on the
ultraviolet curable resin, the acid generation temperature
(decomposition temperature) of a thermal acid generator is
preferably from 60 to 200 degrees Celsius and particularly
preferably from 80 to 150 degrees Celsius as described
above.

[0058] Note that, even when a photoacid generator and a
thermal acid generator are used in combination, each of the
photoacid generator and the thermal acid generator can be
added at the addition amount in the range described above.
However, excessive addition of a thermal acid generator
may facilitate single polymerization of a silane coupling
agent due to the generated acid and cause impairment of
storage stability of an ultraviolet-cured resin. Therefore,
when a photoacid generator and a thermal acid generator are
used in combination, the addition amount of the thermal acid
generator is preferably smaller than or equal to 10 wt % with
respect to the coating material of the coating layer 14 and
more preferably less than the addition amount of the pho-
toacid generator.

[Epoxy Compound]

[0059] Further, the coating material of the coating layer 14
contains an epoxy compound that is a compound having an
epoxy group that performs an acid catalytic reaction. In an
epoxy compound, a ring cleavage reaction of an epoxy
group occurs in which an acid generated from a photoacid
generator or a thermal acid generator serves as a catalyst,
and a hydroxyl group is generated. The hydroxyl group
generated by the ring cleavage reaction of the epoxy group
forms a covalent bond or a hydrogen bond with a hydroxyl
group on the surface of the glass optical fiber 11 to interact
with the surface of the glass optical fiber 11, for example. As
a result, adhesion between the resin contained in the coating
layer 14 (primary layer 12) and the glass optical fiber 11 is
improved.

[0060] It is preferable that an epoxy compound be a
compound having a chemical structure or a functional group
that reacts or interacts with an ultraviolet curable resin
separately from the epoxy group that reacts by an acid
catalyst. For example, it is preferable that an epoxy com-
pound be a compound that is incorporated into an ultraviolet
curable resin by a radical polymerization reaction or an
ene-thiol reaction.

[0061] Further, it is preferable that an epoxy compound be
a compound that has a photopolymerizable functional group
and is radically polymerized by radicals generated from the
photopolymerization initiator by ultraviolet light irradiation.
A photopolymerizable functional group may be, for
example, an acryloyl group, a methacryloyl group, a
maleimide group, a styryl group, a maleic anhydride residue,
a vinyl ether group, an allyl ether group, an alkenyl group
having 2 to 10 carbon atoms, an alkynyl group having 2 to
10 carbon atoms, or the like, and a (meth)acryloyl group is
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preferable. Note that, in the present specification, “(meth)
acryloyl group” means one or both of an acryloyl group and
an methacryloyl group.

[0062] By having a photopolymerizable functional group,
an epoxy compound is incorporated into polymer chains in
a reaction with oligomers of the ultraviolet curable resin by
radical polymerization. Thereby, the reaction between the
epoxy groups of the epoxy compounds due to an acid
generated from a photoacid generator is inhibited, for
example, by a steric hindrance or the like, and as a result,
interaction between a hydroxyl group derived from an epoxy
group and the surface of the glass optical fiber 11 preferen-
tially occurs.

[0063] An epoxy compound may be preferably, but not
particularly limited to, a compound with an epoxy group and
a photopolymerizable functional group, for example, gly-
cidyl (meth)acrylate, methyl glycidyl (meth)acrylate, 4-hy-
droxybutyl (meth)acrylate glycidy ether, 3,4-epoxybutyl
(meth)acrylate, 3-methyl-3,4-epoxybutyl (meth)acrylate
3-ethyl-3,4-epoxybutyl (meth) acrylate, 4-methyl-4,5-ep-
oxypentyl (meth)acrylate, 5-methyl-5,6-epoxyhexyl (meth)
acrylate, a-ethyl acrylic acid glycidyl, allyl glycidyl ether,
crotonyl glycidyl ale, (iso)crotonic acid glycidyl ether, (3,4-
epoxycyclohexyl)methyl (meth)acrylate, N-(3,5-dimethyl-
4-glycidyl)benzyl acrylamide, o-vinyl benzyl glycidyl ether,
m-vinyl benzyl glycidyl ether, p-vinyl benzyl glycidyl ether,
a-methyl-o-vinyl benzyl glycidyl ether, a-methyl-m-vinyl
benzyl glycidyl ether, a-methyl-p-vinyl benzyl glycidyl
ether, 2,3-diglycidyl oxymethyl styrene, 2,4-diglycidyl
oxymethyl styrene, 2,5-diglycidyl oxymethyl styrene, 2,6-
diglycidyl oxymethyl styrene, 2,3,4-triglycidyloxymethyl-
styrene, 2,3,5-triglycidyl oxymethyl styrene, 2,3,6-trigly-
cidyl oxymethyl styrene, 3.4,5-triglycidyl oxymethyl
styrene, 2.4,6-triglycidyl oxymethyl styrene, or the like.
[0064] Further, as an epoxy compound, not only a mono-
mer but also a polymer or an oligomer may be used as long
as it does not impair the compatibility. Such a polymer or an
oligomer may be, for example, copolymers of monomers of
epoxy group compounds and various vinyl monomers each
having a photopolymerizable functional group, and specifi-
cally may be, for example, Marproof G-0115S, Marproof
G-0130S, Marproof G-0250S, Marproof G-0150M, Mar-
proof G-1005S, Marproot G01010S, Marproof G-1005SA,
Marproot G-01100 (so far, manufactured by NOF Corpora-
tion, product name), ARUFON UG-4010, ARUFON
UG-4035, ARUFON UG-4040, ARUFON UG-4070 (so far,
manufactured by Toagosei Co., Ltd. product name), Epof-
riend AT501, Epofriend CT310 (so far, manufactured by
Daicel Corporation. product name), or the like as a com-
mercially available copolymer.

[0065] The addition amount of the epoxy compound is
preferably an amount such that the concentration of an
epoxy group is larger than or equal to 0.1 mmol/g and
smaller than or equal to 5.0 mmol/g, more preferably an
amount such that the concentration of an epoxy group is
larger than or equal to 0.2 mmol/g and smaller than or equal
to 2.5 mmol/g with respect to the coating material of the
coating layer 14. When the addition amount of the epoxy
compound is smaller than this preferable range, adhesive-
ness between the coating layer 14 and the glass optical fiber
11 decreases due to the reduced reaction amount of an acid
catalysis of an epoxy group or development of adhesiveness
takes time. When the addition amount of the epoxy com-
pound is larger than this preferable range, there is a concern
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about the reaction between the epoxy groups, and reactivity
of the ultraviolet curable resin may decrease, or polymeriz-
ability may not be obtained as designed. Note that, in the
present specification, the term “concentration of an epoxy
group” means a value obtained by dividing the value of milli
moles (mmol) of an epoxy group of an epoxy compound by
the value of grams (g) of a coating material resin composi-
tion.

[0066] The addition amount of the epoxy compound may
be determined such that the concentration of an epoxy group
is in the range described above with respect to the coating
material of the coating layer 14. Specifically, the addition
amount of the epoxy compound is preferably larger than or
equal to 0.5 wt % and smaller than or equal to 80 wt %, more
preferably larger than or equal to 1.0 wt % and smaller than
or equal to 20 wt % with respect to 100 wt % of the coating
material of the coating layer 14. The addition amount of the
epoxy compound can be adjusted in accordance with the
physical property of the target coating layer 14. When the
addition amount of the epoxy compound is smaller than such
a preferable range, since the amount of the hydroxyl groups
generated by a ring cleavage reaction of the epoxy group is
reduced, development of adhesiveness between the coating
layer 14 and the glass optical fiber 11 takes time. When the
addition amount of the epoxy compound is larger than this
preferable range, there is a concern about a reaction between
the epoxy groups.

[Silane Coupling Agent]

[0067] As a silane coupling agent, any agent including
agents generally known and commonly used may be used as
long as it does not impair the effects of the disclosure. The
addition amount of the silane coupling agent is approxi-
mately determined in accordance with experiments or the
like. A specific compound as a silane coupling agent may be,
but not particularly limited to, tetramethyl silicate, tetraethyl
silicate, vinyl trichloro silane, vinyl trimethoxy silane, vinyl
triethoxy silane, 2-(3,4-epoxycyclohexyl) ethyl trimethoxy
silane, 3-glycidoxy propyl methyl dimethoxy silane, 3-gly-
cidoxy propyl trimethoxy silane, 3-glycidoxy propyl methyl
diethoxy silane, 3-glycidoxy propyl triethoxy silane,
p-styryl trimethoxy silane, 3-methacryloxy propyl methyl
dimethoxy silane, 3-methacryloxy propyl trimethoxy silane,
3-methacryloxy propyl methyl diethoxy silane, 3-methacry-
loxy propyl triethoxy silane, 3-acryloxy propyl trimethoxy
silane, N-2-(aminoethyl)-3-aminopropyl methyl dimethoxy
silane, N-2-(aminoethyl)-3-aminopropy! trimethoxy silane,
3-aminopropyl trimethoxy silane, 3-aminopropyl trio-
lethoxy silane, 3-triethoxy silyl-N-(1,3-dimethyl-butyl-
idene)propylamine, N-phenyl-3-aminopropyl trimethoxy
silane, tris-(trimethoxy silyl propyl)isocyanurate, 3-urei-
dopropyl trialkoxy silane, 3-mercaptopropyl methyl dime-
thoxy silane, 3-mercaptopropyl trimethoxy silane, 3-isocya-
natonate propyl triethoxy silane, or the like, for example.

[0068] The addition amount of the silane coupling agent is
preferably larger than or equal to 0.1 wt % and smaller than
or equal to 10 wt %, more preferably larger than or equal to
0.5 wt % and smaller than or equal to 5.0 wt % with respect
to the coating layer 14. When the silane coupling agent is in
the range described above, sufficient adhesion between the
glass optical fiber 11 and the coating layer 14 is obtained,
and good storage stability of the coating material is obtained.
[0069] Further, the coating material of the coating layer 14
may contain a diluent monomer, a photopolymerization
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initiator, a photosensitizer, a chain transfer agent, and vari-
ous additives. As a diluent monomer, monofunctional (meth)
acrylate or polyfunctional (meth)acrylate is used. The
diluent monomer is a monomer used for diluting the ultra-
violet curable resin.

[Photopolymerization Initiator]

[0070] A photopolymerization initiator initiates polymer-
ization of an ultraviolet curable resin by absorbing a light in
the wavelength region emitted from an ultraviolet irradiation
apparatus and generating radicals. The type of photopoly-
merization initiator is not particularly limited and may be
suitably selected. As a photopolymerization initiator, for
example, but not particularly limited to, benzyl ketal-based
photopolymerization initiator, c.-hydroxyketone-based pho-
topolymerization initiator, a-aminoketone-based photopoly-
merization initiator, acylphosphine oxide-based photopoly-
merization initiator, oxime ester-based photopolymerization
initiator, acridine-based photopolymerization initiator, ben-
zophenone-based photopolymerization initiator, acetophe-
none-based  photopolymerization initiator, aromatic
ketoester-based photopolymerization initiator, benzoic
ester-based photopolymerization initiator, or the like may be
used.

[0071] A benzylketal-based photopolymerization initiator
may be 2,2-dimethoxy-1,2-diphenylethane-1-one, for
example.

[0072] An a-hydroxyketone-based photopolymerization
initiator may be 1-(4-isopropylphenyl)-2-hydroxy-2-meth-
ylpropan-1-one, 2-hydroxy-2-methyl-1-phenylpropane-1-
one, 1-hydroxycyclohexyl phenylketone, 1-[4-(2-hydroxy-
ethoxy)phenyl]-2-hydroxy-2-methylpropane-1-one,
2-hydroxy-1-[4-[4-(2-hydroxy-2-methylpropionyl)benzyl]
phenyl]-2-methylpropane-1-one, for example.

[0073] A a-aminoketone-based photopolymerization ini-
tiator may be, for example, 2-dimethylamino-2-methyl-1-
phenylpropane-1-one, 2-diethylamino-2-methyl-1-phenyl-
propane-1-one, 2-methyl-2-morpholino-1-phenylpropane-1-
one, 2-dimethylamino-2-methyl-1-(4-methylphenyl)
propane-1-one, 2-dimethylamino-1-(4-ethylphenyl)-2-
methylpropane-1-one, 2-dimethylamino-1-(4-
isopropylphenyl)-2-methylpropane-1-one, 1-(4-
butylphenyl)-2-dimethylamino-2-methylpropane-1-one,
2-dimethylamino-1-(4-methoxyphenyl)-2-methylpropane-
1-one, 2-dimethylamino-2-methyl-1-(4-methylthiophenyl)
propane-1-one,  2-methyl-1-(4-methylthiophenyl)-2-mor-
pholinopropane-1-one, 2-benzyl-2-dimethylamino-1-(4-
morpholinophenyl)-butane-1-one, 2-benzyl-2-
dimethylamino-1-(4-dimethylaminophenyl)-butane-1-one,
2-dimethylamino-2-[ (4-methylphenyl)methyl]-1-[4-(4-mor-
pholinyl)phenyl]-1-butanone.

[0074] An acylphosphine oxide-based photopolymeriza-
tion initiator may be, for example, 2,4,6-trimethylbenzoyl-
diphenylphosphine oxide, bis(2,4,6-trimethylbenzoyl)-phe-
nylphosphine oxide, bis(2,6-dimethoxybenzoyl)-(2,4,4-
trimethylpentyl)phosphine oxide.

[0075] An oxime ester-based photopolymerization initia-
tor may be, for example, 1-phenylpropane-1,2-dione-2-(O-
ethoxycarbonyl)oxime, 1-phenylbutane-1,2-dione-2-(O-
methoxycarbonyl)oxime, 1,3-diphenylpropane-1,2,3-trione-
2-(0-ethoxycarbonyl)oxime, 1-[4-(phenylthio)phenyl]
octane-1,2-dione-2-(O-benzoyl)oxime, 1-[4-[4-
(carboxyphenyl)thio]phenyl|propane-1,2-dione-2-(O-
acetyl)oxime, 1-[9-ethyl-6-(2-methylbenzoyl)-9H-carbazol-
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3-yllethanone-1-(O-acetyl)oxime, 1-[9-ethyl-6-[2-methyl-
4-[1-(2,2-dimethyl-1,3-dioxolane-4-yl)methyloxy|ben-
zoyl]-9H-carbazol-3-yl] ethanone-1-(O-acetyl)oxime.
[0076] An acridine-based photopolymerization initiator
may be 1,7-bis(acridin-9-yl)-n-heptane, for example.
[0077] A benzophenone-based photopolymerization ini-
tiator may be, for example, benzophenone, 4,4'-bis (dimeth-
ylamino)benzophenone,  4,4'-bis(diethylamino)benzophe-
none, 4-phenylbenzophenone, 4,4'-dichlorobenzophenone,
4-hydroxybenzophenone, alkylated benzophenone, 3,3'4,4'-
tetrakis(t-butylperoxycarbonyl)benzophenone,  4-methyl-
benzophenone, dibenzylketone, fluorenone.

[0078] An acetophenone-based photopolymerization ini-
tiator may be, for example, 2,2-diethoxy acetophenone,
2,3-diethoxy acetophenone, 4-t-butyldichloro acetophe-
none, benzal acetophenone, 4-azidobenzal acetophenone.
[0079] An aromatic ketoester-based photopolymerization
initiator may be methyl 2-phenyl-2-oxyacetate, for example.
[0080] A benzoic ester-based photopolymerization initia-
tor may be, for example, ethyl (4-dimethylamino)benzoate,
(2-ethyl)hexyl 4-(dimethylamino)benzoate, ethyl (4-diethyl-
amino)benzoate, methyl (2-benzoyl)benzoate.

[0081] A commercially available photopolymerization ini-
tiator may be IRGACURE (registered trademark, hereinaf-
ter, omitted) 651, IRGACURE 184, IRGACURE 1173,
IRGACURE 2959, IRGACURE 127, IRGACURE 907,
IRGACURE 369, IRGACURE 379, IRGACURE TPO,
IRGACURE 819, IRGACURE OXE0Ol, IRGACURE
OXE02, IRGACURE MBF, IRGACURE 754 (so far, manu-
factured by BASF Corp., product name), Adeka Akruz
(registered trademark) NCI-831 (manufactured by ADEKA,
product name), or the like.

[0082] The addition amount of the photopolymerization
initiator, which may be appropriately determined in accor-
dance with experiments or the like, is preferably larger than
or equal to 0.01 wt % and smaller than or equal to 10 wt %,
more preferably larger than or equal to 0.1 wt % and smaller
than or equal to 8 wt % with respect to the coating material
of the coating layer 14. When the addition amount of the
photopolymerization initiator is excessively small, since the
reaction rate of radical polymerization, that is, the curing
rate of the generated resin composition becomes slow, the
curing is likely to take time, or the curing characteristics are
likely to decrease. In contrast, when the addition amount of
the photopolymerization initiator is excessively large, an
excessive amount of the photopolymerization initiator may
reduce curability in the depth of a resin layer.

[Photosensitizer|

[0083] A photosensitizer is added to the coating material
of the coating layer 14 for the purpose of improving pho-
tosensitivity of a photoacid generator. It is preferable that a
photosensitizer be a substance that absorbs light in a wave-
length region different from that of the photoacid generator.
A photosensitizer improves photosensitivity of the pho-
toacid generator by absorbing light in the wavelength region
in which the photoacid generator cannot absorb the light.
Therefore, the absorption wavelength region of a photosen-
sitizer and the absorption wavelength region of a photoacid
generator are different from each other, and it is more
preferable that there be less overlap therebetween.

[0084] The addition amount of the photosensitizer is pref-
erably larger than or equal to 0.1 wt % and smaller than or
equal to 10 wt %, more preferably larger than or equal to 0.5
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wt % and smaller than or equal to 10 wt % with respect to
the coating material of the coating layer 14. When the
addition amount of the photosensitizer is larger than or equal
to 0.1 wt %, a desired sensitivity is easily obtained, and
when the addition amount of the photosensitizer is smaller
than or equal to 10 wt %, transparency of a coating film is
easily ensured.

[0085] A photosensitizer that can be used for a coating
material of the coating layer 14 may be, but not particularly
limited to, anthracene derivative, benzophenone derivative,
thioxanthone derivative, anthraquinone derivative, benzoin
derivative, or the like, for example.

[0086] A specific compound of photosensitizers may be,
but not particularly limited to, 9,10-dialkoxy anthracene,
2-alkyl thioxanthone, 2,4-dialkyl thioxanthone, 2-alkyl
anthraquinone, 2,4-dialkyl anthraquinone, p,p'-diamino ben-
zophenone, 2-hydroxy-4-alkoxy benzophenone, benzoin
ether, anthrone, anthracene, 9,10-diphenyl anthracene,
9-ethoxy anthracene, pyrene, perylene, coronene, phenan-
threne, benzophenone, benzyl, benzoin, methyl (2-benzoyl)
benzoate, butyl (2-benzoyl)benzoate, benzoin ethylether,
benzoin-i-butylether, 9-fluorenone, acetophenone, p,p'-te-
tramethyl diamino benzophenone, p,p'-tetracthyl amino ben-
zophenone, 2-chloro thioxanthone, 2-isopropyl thioxan-
thone, 2,4-diethyl thioxanthone, phenothiazine, acridine
orange, benzoflavin, cetoflavin-T, 2-nitrofluorene, 5-ni-
troacenaphthene, benzoquinone, 2-chloro-4-nitroaniline,
N-acetyl-p-nitroaniline, p-nitroaniline, N-acetyl-4-nitro-1-
naphthylamine, picramide, anthraquinone, 2-ethyl anthra-
quinone, 2-tert-butyl anthraquinone, 1,2-benz anthraqui-
none, 3-methyl-1,3-diaza-1,9-benzanthrone,
dibenzalacetone, 1,2-naphthoquinone, 3,3'-carbonyl-bis(5,
7-dimethoxy carbonyl coumarin), 9,10-di butoxy anthra-
cene, 9,10-dipropoxy anthracene, or the like, for example.
One type of the above may be used, or two or more types of
the above may be mixed and used.

[0087] The hydrolysis and the dehydration condensation
of a silane coupling agent due to an acid generated from the
acid generator or the acid catalytic reaction of an epoxy
group as described above is facilitated by heat. Accordingly,
as described below, a heater apparatus used for heating a
coated optical fiber or an optical fiber core after the resin
curing is performed is installed in the post-stage of an
ultraviolet irradiation apparatus, and heat aging can be
performed by using the heater apparatus. Further, heat aging
can be performed by placing the manufactured optical fiber
core in a thermostatic incubator. In such a way, it is possible
to accelerate the improvement of adhesiveness between the
coating layer 14 and the glass optical fiber 11.

[0088] FIG. 2 is a schematic diagram of a manufacturing
apparatus 20 used for a manufacturing method of the coated
optical fiber 10 according to the present embodiment. For
example, an optical fiber base material 21 is made of a quartz
glass and is manufactured by a known method such as a
VAD method, an OVD method, a MCVD method, or the
like. The end of the optical fiber base material 21 is heated
and melted by using a heater 22 that is a heater apparatus
arranged around the optical fiber base material 21, and a
glass optical fiber 23 (that is the glass optical fiber 11 in FIG.
1) is drawn by drawing.

[0089] A resin application apparatus 24 (dies) that applies
an ultraviolet curable resin on the outer circumference of the
glass optical fiber 23 is provided under the heater 22. The
resin application apparatus 24 separately holds a coating
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material used for the primary layer 12 (referred to as a
primary layer material) and a coating material used for the
secondary layer 13 (referred to as a secondary layer mate-
rial). Here, at least the primary layer material is a coating
material used for an optical fiber according to the present
embodiment containing the silane coupling agent, at least
one of the photoacid generator and the thermal acid genera-
tor, and the epoxy compound described above. The second-
ary layer material is not limited to the configuration
described above and may not contain a silane coupling
agent, a photoacid generator, a thermal acid generator, and
an epoxy compound, for example. The primary layer mate-
rial and the secondary layer material are collectively applied
to the glass optical fiber 23 drawn from the optical fiber base
material 21 by the resin application apparatus 24.

[0090] An ultraviolet irradiation apparatus 26 that irradi-
ates the glass optical fiber 25 coated with the primary layer
material and the secondary layer material with an ultraviolet
light is provided under the resin application apparatus 24.
The ultraviolet irradiation apparatus 26 has any ultraviolet
source such as a semiconductor light emitting device, a
mercury lamp, or the like. The glass optical fiber 25 to which
the ultraviolet curable resin is applied by the resin applica-
tion apparatus 24 enters the ultraviolet irradiation apparatus
26 and is irradiated with the ultraviolet light. As a result, two
layers of ultraviolet curable resins coated on the outer
circumference of the glass optical fiber 25 are cured, and the
two layers of ultraviolet curable resins become the primary
layer 12 and the secondary layer 13.

[0091] In the present embodiment, a coating material used
for the coating layer 14 (in particular, the primary layer 12)
contains at least one of the photoacid generator and the
thermal acid generator. When the coating material contains
a photoacid generator, an acid is generated from the pho-
toacid generator contained in the coating material by ultra-
violet irradiation by the ultraviolet irradiation apparatus 26.
When the coating material contains a thermal acid generator,
an acid is generated from the thermal acid generator con-
tained in the coating material due to heat from the light
source included in the ultraviolet irradiation apparatus 26 or
the reaction heat of the resin itself. When a higher tempera-
ture is required in accordance with the type of thermal acid
generator, a heat source such as a heater may be provided in
the ultraviolet irradiation apparatus 26, and heating may be
performed simultaneously with ultraviolet irradiation.
[0092] The glass optical fiber (that is, the coated optical
fiber 10) having the outer circumference on which the
primary layer 12 and the secondary layer 13 are formed is
guided by a guide roller 27 and wound by a winding
apparatus 28.

[0093] In the manufacturing method of the coated optical
fiber 10 according to the present embodiment, while the
Wet-On-Wet method in which the primary layer 12 and the
secondary layer 13 are applied by one die and cured is used,
the Wet-On-Dry method in which the primary layer 12 and
the secondary layer 13 are applied by separate dies and cured
may be used.

[0094] FIG. 3 is a diagram illustrating a flowchart of a
manufacturing method of the coated optical fiber 10 accord-
ing to the present embodiment. First, the user sets the optical
fiber base material 21 in the manufacturing apparatus 20
(step S11). Next, the heater 22 heats the optical fiber base
material 21, and drawing of the glass optical fiber 23 is
started (step S12).
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[0095] The resin application apparatus 24 coats the drawn
glass optical fiber 23 with the primary layer material (step
S13) and then coats the drawn glass optical fiber 23 with the
secondary layer material (step S14). The ultraviolet irradia-
tion apparatus 26 irradiates the glass optical fiber 25 coated
with the primary layer material and the secondary layer
material with an ultraviolet light and simultaneously per-
forms heating (step S15). The primary layer material and the
secondary layer material are cured by ultraviolet irradiation,
and the coated optical fiber having the primary layer 12 and
the secondary layer 13 is formed.

[0096] An acid is generated from the photoacid generator
contained in the coating material by ultraviolet irradiation by
using the ultraviolet irradiation apparatus 26, and an acid is
generated from the thermal acid generator contained in the
coating material by heat from the light source included in the
ultraviolet irradiation apparatus 26 or the reaction heat of the
resin itself. That is, in the present embodiment, a step of
curing the ultraviolet curable resin by ultraviolet irradiation
by using the ultraviolet irradiation apparatus 26 also func-
tions as a step of generating an acid from the photoacid
generator and generating an acid from the thermal acid
generator. Therefore, by the acid generated from the pho-
toacid generator or the thermal acid generator, the hydrolysis
and the dehydration condensation of the silane coupling
agent are facilitated, and a ring cleavage reaction of an
epoxy group of an epoxy compound proceeds. As described
above, in the present embodiment, a heating step is included
in an ultraviolet irradiation step.

[0097] The coating material used for the coating layer 14
(in particular, the primary layer 12) of the coated optical
fiber 10 according to the present embodiment contains at
least one of the photoacid generator and the thermal acid
generator. When the coating material contains a photoacid
generator, since the photoacid generator generates an acid
only after ultraviolet irradiation, an acid is generated simul-
taneously with the ultraviolet curing of the coating material.
When the coating material contains a thermal acid generator,
since the thermal acid generator generates an acid only after
heating, an acid is generated by reaction heat at the ultra-
violet curing of the coating material or heating after the
ultraviolet irradiation. The generated acid facilitates the
progress of a hydrolysis reaction and a dehydration conden-
sation reaction of the silane coupling agent. In addition, the
generated acid serves as a catalyst, a hydroxyl group is
produced by a ring cleavage reaction of an epoxy group of
an epoxy compound, and the produced hydroxyl group
interacts with the surface of the glass optical fiber 11.
According to the results above, high adhesiveness between
the glass optical fiber 11 and the coating layer 14 is obtained.
[0098] Further, the photoacid generator generates an acid
by absorbing ultraviolet light emitted from the ultraviolet
irradiation apparatus 26 to cure the ultraviolet curable resin
and being decomposed. Therefore, when the coating mate-
rial contains a photoacid generator, it is not necessary to add
or change a manufacturing process. Further, the thermal acid
generator may be decomposed by heat from the light source
included in the ultraviolet irradiation apparatus 26 or the
reaction heat of the resin itself and generate an acid. There-
fore, even when the coating material contains a thermal acid
generator, it is not necessarily to need to add or change a
manufacturing process.

[0099] It has been often reported that optical loss is
increased by water infiltration in a conventional optical fiber
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core. When water infiltrates an optical fiber core for a long
period of time, interface adhesion between the glass optical
fiber and the primary layer is reduced by the water infiltra-
tion causing a partial peeling, water is accumulated in a
space formed accordingly, and the peeling is further
extended, for example. When a peeling occurs at the inter-
face between the glass optical fiber and the primary layer,
and water is accumulated, which provides a side pressure to
the glass optical fiber, and causes occurrence of an increase
in optical loss due to a micro bending. Since the adhesive-
ness at the interface between the glass optical fiber and the
primary layer is improved in the optical fiber core using the
coated optical fiber 10 according to the present embodiment,
an increase of optical loss due to water infiltration in the
optical fiber core can be suppressed.

[0100] Further, since the adhesiveness at the interface
between the glass optical fiber and the primary layer is
improved in the coated optical fiber 10 according to the
present embodiment, endurance (represented by dynamic
fatigue characteristics) of breaking strength of the glass
optical fiber 11 can be stably maintained over a long period
of time.

[0101] In a configuration in which an acid or basic coating
material is prepared in advance to facilitate the reaction of
the silane coupling agent, there is a problem of natural
progress of a reaction of a silane coupling agent during
storage. In contrast, the coating material according to the
present embodiment generates substantially no acid from the
photoacid generator when stored in a dark place. Further, the
coating material according to the present embodiment gen-
erates substantially no acid from the thermal acid generator
when stored in a cool dark place. Therefore, the coating
material according to the present embodiment has good
storage stability.

Second Embodiment

[0102] While the ultraviolet irradiation step and the heat-
ing step are performed in a single step in the first embodi-
ment, a heating step separated from an ultraviolet irradiation
step is performed in the present embodiment. The heating
step decomposes the thermal acid generator to generate an
acid. The heating step is performed at any timing before, on,
or after the coating step of applying the ultraviolet resin to
the glass optical fiber to the ultraviolet irradiation step for
the curing as long as it can heat the coating material. For
example, the coating step, the heating step, and the ultra-
violet irradiation step may be performed in this order, and
the order may be changed. Further, all or some of the coating
step, the heating step, and the ultraviolet irradiation step may
be repeated. Further, the coating step and the heating step
may be simultaneously performed, or the heating step and
the ultraviolet irradiation step may be simultaneously per-
formed.

[0103] FIG. 4 to FIG. 6 are schematic diagrams of the
manufacturing apparatus 20 used for the manufacturing
method of the coated optical fiber 10 according to the
present embodiment. In the manufacturing apparatuses 20 of
FIG. 4 to FIG. 6, a heater apparatus 29 used for heating the
coating material at a location is different from each other.

[0104] In the manufacturing apparatus 20 of FIG. 4, in
addition to the configuration of the first embodiment, the
heater apparatus 29 having a cylindrical shape is provided
under the ultraviolet irradiation apparatus 26. The heater
apparatus 29 performs heating when the glass optical fiber
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25 that has been irradiated with the ultraviolet light by the
ultraviolet irradiation apparatus 26 passes inside.

[0105] In the manufacturing apparatus 20 of FIG. 5, in
addition to the configuration of the first embodiment, the
heater apparatus is provided so as to surround the sides of
the resin application apparatus 24. The heater apparatus 29
heats the coating material by heating a die of the resin
application apparatus 24, and the resin application apparatus
24 coats the glass optical fiber 23 with the heated coating
material.

[0106] In the manufacturing apparatus 20 of FIG. 6, in
addition to the configuration of the first embodiment, a
heater apparatus 29 having a cylindrical shape is provided
between the resin application apparatus 24 and the ultravio-
let irradiation apparatus 26. The heater apparatus 29 per-
forms heating when the glass optical fiber 25 that has been
coated with the coating material by the resin application
apparatus 24 passes inside.

[0107] Each heater apparatus 29 of FIG. 4 to FIG. 6 has
any heat source such as a tape heater, a ribbon heater, a
rubber heater, an oven heater, a ceramic heater, an infrared
irradiation unit, an ultraviolet irradiation unit, a heating wire
heater, a carbon heater, a halogen heater, or the like. To
suppress damage to the coated optical fiber 10, the heating
temperature by the heater apparatus 29 is preferably higher
than or equal to 60 degrees Celsius and lower than or equal
to 200 degrees Celsius, particularly preferably higher than or
equal to 80 degrees Celsius and lower than or equal to 150
degrees Celsius.

[0108] FIG. 7 is a diagram illustrating a flowchart of the
manufacturing method of the coated optical fiber 10 using
the manufacturing apparatus 20 of FIG. 4. The steps S11 to
S15 are the same as those of the first embodiment. After the
ultraviolet irradiation in step S15, the heater apparatus 29
heats the coated optical fiber 10 (that is, the coating material
of'the coating layer 14) at a predetermined temperature (step
S16).

[0109] When the manufacturing apparatus 20 of FIG. 5 is
used, the heating step (step S16) and the coating steps (steps
S13 to S14) are performed at the same time in the flowchart
in FIG. 7. Further, when the manufacturing apparatus 20 in
FIG. 6 is used, in the flowchart of FIG. 7, the heating step
(step S16) is performed between the coating steps (steps S13
to S14) and the ultraviolet irradiation step (step S15). In the
present embodiment, while each of the coating step, the
ultraviolet irradiation step, and the heating step is performed
once, at least one of these steps may be repeated twice or
more.

[0110] According to the present embodiment, in a case
where the coating material contains a thermal acid generator,
even when a temperature in the ultraviolet irradiation step
does not reach the decomposition temperature of the thermal
acid generator, the coating material is heated up to the
decomposition temperature of the thermal acid generator in
the heating step to generate an acid. This facilitates a
hydrolysis reaction and a dehydration condensation reaction
of a silane coupling agent and causes a ring cleavage
reaction of an epoxy group of an epoxy compound to
progress. Further, the hydrolysis and the dehydration con-
densation of the silane coupling agent or acid catalytic
reaction of the epoxy group by the acid generated from the
photoacid generator or the thermal acid generator is facili-
tated by the heat in the heating step. As described above,



US 2020/0181417 Al

according to the present embodiment, high adhesiveness
between the glass optical fiber 11 and the coating layer 14
can be obtained.

[0111] Further, the heating step may be performed after the
coated optical fiber 10 is manufactured. Specifically, after
the coated optical fiber 10 is manufactured by the manufac-
turing method according to the first embodiment, the coated
optical fiber 10 may be heated by being placed in a ther-
mostatic incubator set to a predetermined temperature. In
such a way, an advantage of improving interface adhesion by
heating can be obtained without a change in the manufac-
turing apparatus 20 from the first embodiment.

Examples

1. Coating Material Formulation

[0112] As an ultraviolet curable resin used for the coating
material, an ultraviolet curable polyether-based urethane
acrylate-based resin was used. The Young’s modulus is
adjusted to be 1.0 MPa by changing the molecular weight of
the polyether moiety in the oligomer, or the type and the
formation amount of diluent monomers and reactive mono-
mers. As a photopolymerization initiator, 3.0 wt % of
Lucirin (registered trademark) TPO (manufactured by
BASF, product name) are used, and as a silane coupling
agent, 1.5 wt % of KBM-5103 (manufactured by Shin-Etsu
Chemical Co., Ltd., product name) was used.

[0113] As a photoacid generator to be added to the coating
material, 4-isobutyl  phenyl(4-methylphenyl)iodonium
hexafluorophosphate (manufactured by BASF, product
name IRGACURE 250) was used. Further, as a thermal acid
generator to be added to the coating material, 1-naphthyl
methyl methyl-p-hydroxyphenylsulfonium hexatluoroanti-
monate (manufactured by Sanshin Chemical Industry Co.,
Ltd., product name San-Aid SI-60L, decomposition tem-
perature is 60 degrees Celsius) was used. The addition
amount of IRGACURE 250 was 0.3 wt % when used alone,
and the addition amount of IRGACURE 250 was 0.2 wt %
when used in combination with SI-60L. On the other hand,
the addition amount of SI-60L was 0.3 wt % when used
alone, and the addition amount of SI-60L was 0.1 wt % when
used in combination with IRGACURE 250.

[0114] As an epoxy compound to be added to the coating
material, glycidyl methacrylate (manufactured by Tokyo
Chemical Industry Co., Ltd.) was used.

11
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[0115] In each Example and Comparative Example, vari-
ous types and amounts of the acid generators added to the
coating material were set as illustrated in Table 1 below.
Further, the amount of the epoxy compound added to the
coating material was set such that the concentration of an
epoxy group had the value illustrated in Table 1.

2. Film Fabrication

[0116] The coating material according to each Example
and Comparative Example was spin-coated by a thickness of
100 um on a plate-shaped glass substrate. The fabricated
sample was put in a purge box to be provided with a nitrogen
atmosphere and was irradiated with ultraviolet light with the
illuminance and the rate being adjusted so that the integrated
light quantity was 500 mJ/cm? (measurement wavelength of
365 nm, electrodeless UV lamp, D bulb) by a conveyer type
ultraviolet irradiation apparatus. The coating material cured
in such a way was used as the film according to each
Example and Comparative Example.

3. Young’s Modulus Measurement

[0117] The Young’s modulus (tensile resilient modulus) of
the film was used to determine the curability of the coating
material. Each film according to Examples and Comparative
Examples was peeled off from the glass substrate and cut
into a strip of a width of 6 mm, and the 2.5%-modulus
thereof was measured conforming to JIS K7161.

4. Glass Adhesion Measurement

[0118] To determine interface adhesion between the coat-
ing material and the glass substrate, glass adhesion was
used. The film according to each Example and Comparative
Example was cut into a width of 10 mm, and force needed
when the film was peeled from the glass surface by pulling
the film in a direction of 90 degrees from the surface of the
glass substrate at a rate of 50 mm/min at the room tempera-
ture was measured as the glass adhesion. The measurement
was performed under three conditions of 1 day, 3 days, and
14 days after film fabrication.

[0119] The conditions and the measurement results of
respective Examples and Comparative Examples are indi-
cated in Table 1.

TABLE 1
IRGACURE Concentration of  Young’s Glass Adhesion
250 SI-60L Epoxy Group Modulus (N/m)
No. (wt %) (wt %) (mmol/g) (MPa) 1 Day 3 Days 14 Days
Example 1 0.3 0 0.1 1.1 2.1 2.5 2.8
Example 2 0.3 0 0.3 1.0 2.0 3.1 4.1
Example 3 0.3 0 0.7 1.0 2.2 35 4.7
Example 4 0.3 0 1.4 1.0 2.2 35 4.5
Example 5 0.3 0 2.3 0.9 2.3 3.6 4.3
Example 6 0.3 0 4.7 0.9 2.1 35 4.4
Example 7 0 0.3 0.7 1.1 2.0 3.2 4.3
Example 8 0 0.3 1.4 1.1 1.9 3.2 4.1
Example 9 0.2 0.1 1.4 1.0 2.3 3.6 4.4
Comparative Example 1 0 0 0 1.0 1.3 1.5 2.0
Comparative Example 2 0.3 0 0 1.0 2.0 23 2.7
Comparative Example 3 0 0 0.7 0.9 1.3 1.2 2.0
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[0120] In Examples 1 to 6, compared to Comparative
Example 1 in which neither the photoacid generator nor the
epoxy compound is added and Comparative Examples 2 and
3 in which either one is not added, it was confirmed that the
glass adhesion is improved by using the photoacid generator
and the epoxy compound in combination. Further, in
Examples 1 to 6, it was also confirmed that the glass
adhesion tends to increase as the addition amount of the
epoxy compound increases.

[0121] Further, in Examples 7 and 8, it was confirmed that
even when the thermal acid generator is added instead of the
photoacid generator, the same advantageous effect as when
the photoacid generator is added is obtained. In such a case,
the thermal acid generator generated an acid by using the
heat of the reaction of the resin at the ultraviolet irradiation
and the heat from the irradiation apparatus.

[0122] Further, in Example 9, it was confirmed that even
when the photoacid generator and the thermal acid generator
are used in combination, the same advantageous effect as
when one of them is added can be obtained.

[0123] On the other hand, in Comparative Example 1, it
was confirmed that, when neither the acid generator nor the
epoxy compound is added, while a certain degree of glass
adhesion is developed by the action of the silane coupling
agent, it takes time before the development thereof.

[0124] Further, in Comparative Example 2, it was con-
firmed that, although the addition of the photoacid generator
accelerates the development of the glass adhesion and
improves the glass adhesion compared to Comparative
Example 1, the glass adhesion is smaller than that of each
Example in which the epoxy compound is also added.
[0125] Further, in Comparative Example 3, it was con-
firmed that the glass adhesion is not developed when only
the epoxy compound is added. This is because there is no
catalyst such as an acid, and the reaction of the epoxy group
is less likely to occur.

[0126] The disclosure is not limited to the embodiments
described above and can be properly changed within the
scope not departing from the spirit of the disclosure.

LIST OF REFERENCE NUMERALS

[0127] 10: coated optical fiber
[0128] 11: glass optical fiber
[0129] 12: primary layer
[0130] 13: secondary layer
[0131] 14: coating layer

1. A coating material for an optical fiber comprising:

an ultraviolet curable resin;

a silane coupling agent;

at least one of a photoacid generator that generates an acid

by light irradiation and a thermal acid generator that
generates an acid by heat; and

a compound including an epoxy group.

2. The coating material for an optical fiber according to
claim 1, wherein an amount of the photoacid generator is
larger than or equal to 0.01 wt % and smaller than or equal
to 10 wt % with respect to the coating material for an optical
fiber.

3. The coating material for an optical fiber according to
claim 1, wherein an amount of the thermal acid generator is
larger than or equal to 0.01 wt % and smaller than or equal
to 10 wt % with respect to the coating material for an optical
fiber.
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4. The coating material for an optical fiber according to
claim 1, wherein an amount of the compound including the
epoxy group is an amount such that a concentration of an
epoxy group is larger than or equal to 0.1 mmol/g and
smaller than or equal to 5.0 mmol/g with respect to the
coating material for an optical fiber.

5. The coating material for an optical fiber according to
claim 1, further comprising a photopolymerization initiator
that initiates a polymerization of the ultraviolet curable
resin,

wherein an amount of the photoacid generator and the

thermal acid generator included in the coating material
for an optical fiber is smaller than or equal to an amount
of the photopolymerization initiator.

6. The coating material for an optical fiber according to
claim 1, wherein a wavelength region of a light used for
curing the ultraviolet curable resin and a wavelength region
of a light used for causing the photoacid generator to
generate the acid at least partially overlap each other.

7. The coating material for an optical fiber according to
claim 1, wherein the photoacid generator includes at least
one of an onium salt-based photoacid generator and a
nonionic photoacid generator.

8. The coating material for an optical fiber according to
claim 1, further comprising a photosensitizer that absorbs a
light in a wavelength region different from that of the
photoacid generator.

9. The coating material for an optical fiber according to
claim 1, wherein a temperature at which the thermal acid
generator generates the acid is higher than or equal to 60
degrees Celsius and lower than or equal to 200 degrees
Celsius.

10. The coating material for an optical fiber according to
claim 1, wherein the thermal acid generator includes an
onium salt-based thermal acid generator.

11. The coating material for an optical fiber according to
claim 1, further comprising both the photoacid generator and
the thermal acid generator.

12. A coated optical fiber comprising:

a glass optical fiber; and

a coating layer that coats the glass optical fiber, and

wherein at least one layer forming the coating layer is

formed of the coating material for an optical fiber
according to claim 1.

13. A manufacturing method of a coated optical fiber
comprising steps of:

drawing a glass optical fiber;

coating the glass optical fiber with a coating material

including an ultraviolet curable resin, a silane coupling
agent, at least one of a photoacid generator generating
an acid by light irradiation and a thermal acid generator
generating an acid by heat, and a compound having an
epoxy group;

curing the ultraviolet curable resin by irradiating the glass

optical fiber coated with the coating material with an
ultraviolet light; and

causing at least one of the photoacid generator and the

thermal acid generator to generate the acid.

14. The manufacturing method of a coated optical fiber
according to claim 13, further comprising a step of heating
the coating material.



