wo 2011/008523 A1 I T 0K 000 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
20 January 2011 (20.01.2011)

2P0

(10) International Publication Number

WO 2011/008523 A1l

(51) International Patent Classification:

GO2B 6/44 (2006.01)

(21) International Application Number:

PCT/US2010/040314

(22) International Filing Date:

29 June 2010 (29.06.2010)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/226,334 17 July 2009 (17.07.2009) Us

Applicant (for all designated States except US): CORN-
ING CABLE SYSTEMS LLC [US/US]; Intellectual
Property Department, SP-TI-3-1, Corning, New York
14831 (US).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): FABIAN, Michelle,
D. [US/US]; 136 St. Andrews Drive, Horseheads, New
York 14845 (US). MCCARTHY, Kevin, R. [US/US];
302 Tiftt Avenue, Horseheads, New York 14845 (US).

Agents: MONTGOMERY, Keith, C. ct al.; Corning Ca-
ble Systems LLC, 800 17th Street NW, P.O. Box 489,
Hickory, North Carolina 28603 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: OPTICAL FIBER RIBBONS AND RIBBON MATRIX MATERIALS HAVING LOW OLIGOMER CONTENT

L
%%/// y

BRI
~

FIG. 2

(57) Abstract: Fiber optic ribbon (10) matrix materials (34) having low oligomer content and fiber optic ribbons that contain a

matrix prepared from such compositions are disclosed.



WO 2011/008523 PCT/US2010/040314

OPTICAL FIBER RIBBONS AND RIBBON MATRIX MATERIALS HAVING
LOW OLIGOMER CONTENT

PRIORITY APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent
Application Serial No. 61/226,334, filed July 17, 2009, which is hereby incorporated by

reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to compositions for fiber optic ribbon
matrix materials and fiber optic ribbons that contain a matrix prepared from such

compositions.

BACKGROUND

[0003] Optical fibers have acquired an increasingly important role in field of
communications, frequently replacing existing copper wires. This trend has a
significant impact in local area networks (i.c., for fiber-to-home uses), which has seen a
vast increase in the usage of optical fibers. Further increases in the use of optical fibers
in local loop telephone and cable TV service are expected, as local fiber networks are
established to deliver ever greater volumes of information in the form of data, audio,
and video signals to residential and commercial users. In addition, use of optical fibers
in home and commercial business environments for internal data, voice, and video
communications is expected to increase.

[0004] Optical fibers are often bundled together to form a product known as an
optical fiber ribbon. The ribbon includes optical fibers that have been encased or
encapsulated in a polymeric matrix material to secure the fibers in a parallel
arrangement. The matrix portion of the optical fiber ribbon can include one or more
layers of the polymeric matrix material, and each optical fiber typically contains a dual
layer coating system that includes a soft, inner polymer coating and a hard, protective

outer polymer coating. Prior to forming the ribbon, the optical fibers may also be
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coated with a thin colored layer of marking ink (i.e., in a polymer base) for purposes of
fiber identification within the ribbon.

[0005] While the most basic function of the matrix materials is to secure the
individual optical fibers or ribbon sub-units in a planar array, they also contribute to the
handling properties of the ribbon. Two important handling attributes of the optical
fiber ribbon are peel and breakout performance. Peel is the removal of matrix material
from the optical fibers in the mid-span region of the optical fiber ribbon. It is desirable,
for example, to be able to peel the matrix layers cleanly off the optical fibers without
removing any of the colored marking ink layers. In addition, the matrix layers should
be removable as an intact unit without breaking apart and leaving residue on the optical
fibers. Breakout occurs at the ends of the ribbons and is used to provide access to
individual fibers in the ribbon. As with peel, it is desirable to be able to remove the
matrix material during breakout without it breaking apart and leaving residue on the
optical fibers.

[0006] In general, the matrix material must be tough enough such that the
matrix does not easily break apart during breakout and peel. Greer (US 6,334,016)
teaches that the matrix material must exhibit sufficient toughness such that the matrix
material does not easily break apart when removed from the optical fiber ribbon. Greer
further teaches that the matrix materials typically comprise an acrylated urethane
oligomer. This is because the hydrogen bonding associated with the urethane linkages
contributes to enhanced toughness. Shustack (US 6,455,607) also describes matrix
materials having acrylated urethane oligomers. However, urethane acrylate oligomers
are high cost components in UV-curable acrylate formulations. The cost savings
associated with reducing or ecliminating oligomer use in matrix formulations is
desirable, however the resultant matrix material must maintain good breakout, peel, and

other performance characteristics required of ribbon matrix materials.

SUMMARY

[0007] According to one embodiment of the invention, fiber ribbons exhibit
improved peel and breakout performance using monomeric components as the major
constituent of the ribbon matrix materials, substantially reducing or eliminating the use

of oligomers such as expensive urethane acrylate oligomers.
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[0008] According to one aspect, inner and outer matrix materials are comprised
substantially of Bisphenol A diacrylate monomers.

[0009] It is to be understood that both the foregoing general description and the
following detailed description present embodiments of the invention, and are intended
to provide an overview or framework for understanding the nature and character of the

invention as it is claimed.

BRIEF DESCRIPTION OF THE FIGURES

[0010] The present embodiments are explained in more detail below with
reference to the figures which show the exemplary embodiments.
[0011] FIG. 1 is a cross-section of an optical fiber ribbon according to an

embodiment of the present invention.

[0012] FIG. 2 illustrates an optical fiber ribbon undergoing matrix peel.
[0013] FIG. 3 illustrates an optical fiber ribbon undergoing fiber breakout.
[0014] FIG. 4 summarizes breakout and peel performance of matrix materials

according to the present embodiments compared with a conventional formulation.

DETAILED DESCRIPTION

[0015] The present embodiments relate to optical fiber ribbons and methods of
making such ribbons at relatively low cost while maintaining good ribbon matrix
breakout and peel performance. Because of substantial cost savings in substantially
reducing or eliminating the oligomer content of optical fiber ribbon matrix
compositions, the major constituents of the compositions of the present embodiments
are monomeric components.  This is contrary to most conventional matrix
compositions, which contain a urethane acrylate oligomeric component as the major
constituent and a monomeric component as the minor constituent. In most
conventional coating and/or matrix compositions, an oligomeric component functions
as the backbone upon which polymerization occurs, while the monomeric component
functions as a diluent for controlling the viscosity of the composition and, during
curing, as a cross-linking agent (depending upon the number of functional groups a

particular monomeric constituent may have).
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[0016] As used in this specification, the “weight percent” of a particular
component refers to the amount introduced into the bulk composition, excluding other
additives. The amount of other additives that are introduced into the bulk composition
to produce a composition of the present invention is listed in parts per hundred. For
example, an oligomer, monomer, and photoinitiator are combined to form the bulk
composition such that the total weight percent of these components equals 100 percent.
To this bulk composition, an amount of an additive, for example 1.0 part per hundred of
an antioxidant, is introduced in excess of the 100 weight percent of the bulk
composition.

[0017] Suitable polyfunctional ethylenically unsaturated monomers include,
without limitation, alkoxylated bisphenol A diacrylates such as ethoxylated bisphenol
A diacrylate with ethoxylation being 2 or greater, preferably ranging from 2 to about 30
(e.g. SR349 and SR601 available from Sartomer Company, Inc. West Chester, Pa. and
Photomer 4025 and Photomer 4028, available from Cognis Corp. (Ambler, Pa.)), and
propoxylated bisphenol A diacrylate with propoxylation being 2 or greater, preferably
ranging from 2 to about 30; methylolpropane polyacrylates with and without
alkoxylation such as ethoxylated trimethylolpropane triacrylate with ethoxylation being
3 or greater, preferably ranging from 3 to about 30 (e.g., Photomer 4149, Cognis Corp.,
and SR499, Sartomer Company, Inc.), propoxylated-trimethylolpropane triacrylate with
propoxylation being 3 or greater, preferably ranging from 3 to 30 (e.g., Photomer 4072,
Cognis Corp: and SR492, Sartomer), and ditrimethylolpropane tetraacrylate (e.g.,
Photomer 4355, Cognis Corp.); alkoxylated glyceryl triacrylates such as propoxylated
glyceryl triacrylate with propoxylation being 3 or greater (e.g., Photomer 4096, Cognis
Corp. and SR9020, Sartomer); erythritol polyacrylates with and without alkoxylation,
such as pentaerythritol tetraacrylate (e.g., SR295, available from Sartomer Company,
Inc. (West Chester, Pa.)), cthoxylated pentaerythritol tetraacrylate (e.g., SR494,
Sartomer Company, Inc.), and dipentaerythritol pentaacrylate (e.g., Photomer 4399,
Cognis Corp., and SR399, Sartomer Company, Inc.); isocyanurate polyacrylates formed
by reacting an appropriate functional isocyanurate with an acrylic acid or acryloyl
chloride, such as tris-(2-hydroxyethyl) isocyanurate triacrylate (e.g., SR368, Sartomer
Company, Inc.) and tris-(2-hydroxyethyl) isocyanurate diacrylate; alcohol polyacrylates

with and without alkoxylation such as tricyclodecane dimethanol diacrylate (e.g.,
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CD406, Sartomer Company, Inc.) and ethoxylated polyethylene glycol diacrylate with
cthoxylation being 2 or greater, preferably ranging from about 2 to 30; epoxy acrylates
formed by adding acrylate to bisphenol A diglycidylether (4 up) and the like (e.g.,
Photomer 3016, Cognis Corp.); and single and multi-ring cyclic aromatic or non-
aromatic polyacrylates such as dicyclopentadiene diacrylate and dicyclopentane
diacrylate.

[0018] It may also be desirable to use certain amounts of monofunctional
cthylenically unsaturated monomers, which can be introduced to influence the degree to
which the cured product absorbs water, adheres to other coating materials, or behaves
under stress. Exemplary monofunctional ethylenically unsaturated monomers include,
without limitation, hydroxyalkyl acrylates such as 2-hydroxyethyl-acrylate, 2-
hydroxypropyl-acrylate, and 2-hydroxybutyl-acrylate; long- and short-chain alkyl
acrylates such as methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate,
butyl acrylate, amyl acrylate, isobutyl acrylate, t-butyl acrylate, pentyl acrylate, isoamyl
acrylate, hexyl acrylate, heptyl acrylate, octyl acrylate, isooctyl acrylate, 2-ethylhexyl
acrylate, nonyl acrylate, decyl acrylate, isodecyl acrylate, undecyl acrylate, dodecyl
acrylate, lauryl acrylate, octadecyl acrylate, and stearyl acrylate; aminoalkyl acrylates
such as dimethylaminoethyl acrylate, diethylaminoethyl acrylate, and 7-amino-3,7-
dimethyloctyl acrylate; alkoxyalkyl acrylates such as butoxyethyl acrylate,
phenoxyethyl acrylate (e.g., SR339, Sartomer Company, Inc.), and ethoxyethoxyethyl
acrylate; single and multi-ring cyclic aromatic or non-aromatic acrylates such as
cyclohexyl acrylate, benzyl acrylate, dicyclopentadiene acrylate, dicyclopentanyl
acrylate, tricyclodecanyl acrylate, bomyl acrylate, isobornyl acrylate (e.g., SR423,
Sartomer Company, Inc.), tetrahydrofiurfuryl acrylate (e.g., SR285, Sartomer
Company, Inc.), caprolactone acrylate (e.g., SR495, Sartomer Company, Inc.), and
acryloylmorpholine; alcohol-based acrylates such as polyethylene glycol monoacrylate,
polypropylene  glycol = monoacrylate, = methoxyethylene  glycol  acrylate,
methoxypolypropylene glycol acrylate, methoxypolyethylene glycol acrylate,
ethoxydiethylene glycol acrylate, and various alkoxylated alkylphenol acrylates such as
ethoxylated(4) nonylphenol acrylate (e.g., Photomer 4003, Cognis Corp.); acrylamides
such as diacetone acrylamide, isobutoxymethyl acrylamide, N,N'-dimethyl-
aminopropyl acrylamide, N,N-dimethyl acrylamide, N,N diethyl acrylamide, and t-
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octyl acrylamide; vinylic compounds such as N-vinylpyrrolidone and N-
vinylcaprolactam; and acid esters such as maleic acid ester and fumaric acid ester. With
respect to the long and short chain alkyl acrylates listed above, a short chain alkyl
acrylate is an alkyl group with 6 or less carbons and a long chain alkyl acrylate is alkyl
group with 7 or more carbons.
[0019] Most suitable monomers are either commercially available or readily
synthesized using reaction schemes known in the art. For example, most of the above-
listed monofunctional monomers can be synthesized by reacting an appropriate alcohol
or amide with an acrylic acid or acryloyl chloride.
[0020] Preferably, the composition is devoid of an oligomeric component and
the monomeric component is a combination of two or more monomers. The term
oligomer is defined as the class of compounds including aliphatic and aromatic
urcthane (meth)acrylate oligomers, urea (meth)acrylate oligomers, polyester and
polyether (meth)acrylate oligomers, acrylated acrylic oligomers, polybutadiene
(meth)acrylate oligomers, polycarbonate (meth)acrylate oligomers, and melamine
(meth)acrylate oligomers.
[0021] When employed, suitable oligomers can be either monofunctional
oligomers or polyfunctional oligomers, although polyfunctional oligomers are
preferred. The oligomeric component can also be a combination of a monofunctional
oligomer and a polyfunctional oligomer.
[0022] Di-functional oligomers preferably have a structure according to formula
(1) below:

F1—R;-[Diisocyanate-R,-Diisocyanate],,-R1—F; (D

where F; is independently a reactive functional group such as acrylate, methacrylate,
acrylamide, N-vinyl amide, styrene, vinyl ether, vinyl ester, or other functional group
known in the art; R; includes, independently, —C,.1, O—, —(Cy4 —O)y —, —Co12
O0—(Cy4 —0O)n —, —Co.12 O—(CO—Cy5 O)y —, or —Cp-12 O—(CO—Cy5s NH), —
where n is a whole number from 1 to 30, preferably 1 to 10; R, is polyether, polyester,
polycarbonate, polyamide, polyurethane, polyurea, or combinations thereof; and m is a
whole number from 1 to 10, preferably 1 to 5. In the structure of formula I, the

diisocyanate group is the reaction product formed following bonding of a diisocyanate
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to R and/or R;. The term "independently" is used herein to indicate that each F; may
differ from another F; and the same is true for each R;.
[0023] Other polyfunctional oligomers preferably have a structure according to

formula (IT), formula (III), or formula (IV) as set forth below:

multiisocyanate-(;—R;—F2)« (1D
polyol-[(diisocyanate-R;-diisocyanate),,-R1—F:]x (110)
or

multiisocyanate-(R;—F>)« Iv)

where F, independently represents from 1 to 3 functional groups such as acrylate,
methacrylate, acrylamide, N-vinyl amide, styrene, vinyl ether, vinyl ester, or other
functional groups known in the art; R; can include —C,. 1, O—, —(Cy4 —O)p —, —
Cr.12 O—(Crg —0)y —, —Cr12 O—CO—Cy5 0)y —, or —Cp12 O—(CO—Cy5
NH), — where n is a whole number from 1 to 10, preferably 1 to 5; R, can be
polyether, polyester, polycarbonate, polyamide, polyurethane, polyurea or
combinations thereof; x is a whole number from 1 to 10, preferably 2 to 5; and m is a
whole number from 1 to 10, preferably 1 to 5. In the structure of formula II, the
multiisocyanate group is the reaction product formed following bonding of a
multiisocyanate to R,. Similarly, the diisocyanate group in the structure of formula II1
is the reaction product formed following bonding of a diisocyanate to R, and/or R;.
[0024] Urethane oligomers are conventionally provided by reacting an aliphatic
or aromatic diisocyanate with a dihydric polyether or polyester, most typically a
polyoxyalkylene glycol such as a polyethylene glycol. Such oligomers typically have
between about four to about ten urethane groups and may be of high molecular weight,
e.g., 2000-8000. However, lower molecular weight oligomers, having molecular
weights in the 500-2000 range, may also be used. U.S. Pat. No. 4,608,409 to Coady et
al. and U.S. Pat. No. 4,609,718 to Bishop et al., which are hereby incorporated by
reference, describe such syntheses in detail.

[0025] When it is desirable to employ moisture-resistant oligomers, they may
be synthesized in an analogous manner, except that the polar polyether or polyester
glycols are avoided in favor of predominantly saturated and predominantly nonpolar
aliphatic diols. These diols include, for example, alkane or alkylene diols of from about

2-250 carbon atoms and, preferably, are substantially free of ether or ester groups.
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[0026] As is well known, polyurea components may be incorporated in
oligomers prepared by these methods, simply by substituting diamines or polyamines
for diols or polyols in the course of synthesis. The presence of minor proportions of
polyurea components in the present coating systems is not considered detrimental to
coating performance, provided only that the diamines or polyamines employed in the
synthesis are sufficiently non-polar and saturated as to avoid compromising the
moisture resistance of the system.

[0027] As is well known, matrix compositions may also contain a
polymerization initiator which is suitable to cause polymerization (i.c., curing) of the
composition after its application to secure the optical fibers in a ribbon. Polymerization
initiators suitable for use in the compositions of the present invention include thermal
initiators, chemical initiators, c¢lectron beam initiators, microwave initiators, actinic-
radiation initiators, and photoinitiators. Particularly preferred are the photoinitiators.
For most acrylate-based coating formulations, conventional photoinitiators, such as the
known ketonic photoinitiating and/or phosphine oxide additives, are preferred. When
used in the compositions of the present invention, the photoinitiator is present in an
amount sufficient to provide rapid ultraviolet curing. Preferably, this includes about 0.5
to about 10 weight percent, more preferably about 1.5 to about 7.5 weight percent, and
most preferably about 3 weight percent polymerization initiator.

[0028] The photoinitiator, when used in a small but effective amount to
promote radiation cure, must provide reasonable cure speed without causing premature
gelation of the matrix composition. A desirable cure speed is any speed sufficient to
cause substantial curing (i.c., greater than about 90%, more preferably 95%) of the
matrix composition.

[0029] Suitable  photoinitiators  include, without limitation, 2,4,6-
Trimethylbenzoyldiphenylphosphine oxide (c.g. Lucirin TPO), 1-
hydroxycyclohexylphenyl ketone (e.g.,; Irgacure 184 available from Ciba Specialty
Chemical (Tarrytown, N.Y.)), (2,6-dicthoxybenzoyl)-2,4,4-trimethylpentyl phosphine
oxide (e.g. in commercial blends Irgacure 1800, 1850, and 1700, Ciba Specialty
Chemical), 2,2-dimethoxyl-2-phenyl acetophenone (e.g., Irgacure,651, Ciba Specialty
Chemical), bis(2,4,6-trimethylbenzoyl)phenyl phosphine oxide (e.g., Irgacure 819, Ciba
Specialty Chemical), (2,4,6-triicthylbenzoyl)diphenyl phosphine oxide (e.g., in
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commercial blend Darocur 4265, Ciba Specialty Chemical), 2-hydroxy-2-methyl-1-
phenylpropane-1-one (e.g., in commercial blend Darocur 4265, Ciba Specialty
Chemical) and combinations thereof. Other photoinitiators are continually being
developed and used in matrix compositions. Any suitable photoinitiator can be
introduced into compositions of the present invention.

[0030] In addition to the above-described components, the matrix composition
of the present invention can optionally include an additive or a combination of
additives. Suitable additives include, without limitation, antioxidants, catalysts,
lubricants, low molecular weight non-crosslinking resins, adhesion promoters, and
stabilizers. Some additives can operate to control the polymerization process, thereby
affecting the physical properties (e.g., modulus, glass transition temperature) of the
polymerization product formed from the composition. Others can affect the integrity of
the polymerization product of the composition (e.g., protect against de-polymerization
or oxidative degradation).

[0031] A preferred antioxidant is thiodiethylene bis(3,5-di-tert-butyl)-4-
hydroxyhydrocinnamate (e.g., Irganox 1035, available from Ciba Specialty Chemical).
[0032] A preferred adhesion promoter is an acrylated acid adhesion promoter
such as Ebecryl 170 (available from UCB Radcure (Smyrna Ga.)).

[0033] Other suitable materials for use in matrix materials, as well as
considerations related to seclection of these materials, are well known in the art and are
described in U.S. Pat. Nos. 4,962,992 and 5,104,433 to Chapin, which are hereby
incorporated by reference. Various additives that enhance one or more properties of the
matrix can also be present, including the above-mentioned additives incorporated in the
compositions of the present invention.

[0034] FIG. 1 is a cross-section of an optical fiber ribbon 10 incorporating
matrix materials according to the present embodiments. The optical fiber ribbon 10
includes a plurality of substantially aligned optical fibers 15-26 that are surrounded by
and encapsulated within a ribbon matrix 30. Each of the optical fibers 15-260 includes
a glass fiber having one or more coatings (not shown). The ribbon matrix 30 can be
either a single layer matrix or a dual layer matrix (formed of inner and outer matrix
materials). In the illustrated embodiment, the matrix 30 comprises an inner matrix 34

and an outer matrix 38. The inner matrix 34 surrounds and contacts the optical fibers
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20, and the outer matrix 38 surrounds and contacts an outer surface of the inner matrix
34. Each of the optical fibers 15-26 can include an ink layer (not shown) to allow for
identification of individual optical fibers 15-26. The exemplary optical fiber ribbon 10
shown in FIG. 1 includes twelve optical fibers 15-26 each having a dual-layer coating.
The optical fibers also each include a colored ink coating, with the twelve fibers being
provided in a 12-color sequence of, for example, blue 15, orange 16, green 17, brown
18, slate 19, white 20, red 21, black 22, yellow 23, purple 24, rose 25, and aqua 26.
Any combination of colors is suitable for use in the present invention.

[0035] According to the present embodiments, the matrix 30 comprises UV-
curable ribbon matrix materials. In one embodiment, the composition of the inner
matrix 34 includes an aggregate oligomeric component present in an amount of about 3
weight percent or less, and a monomeric component or monomeric components present
in an aggregate amount of about 80 weight percent or more. The oligomeric
components can be, for example, urethane acrylate components or polyester acrylate
components, each being present in amount of 3 weight percent or less, in aggregate
with other oligomer components or individually. While the monomeric components
can be present in an aggregate amount of 80 weight percent or more, they are
preferably present in an aggregate amount of about 85 to about 100 weight percent,
more preferably about 90 to about 99 weight percent, and most preferably about 95 to
about 99 weight percent. After curing, the cured product of the inner matrix 34
composition has a Young’s Modulus of at least about 750 MPa. Preferably, the cured
product of the inner matrix 34 composition is characterized by a Young's modulus of
from about 900 to about 1500 MPa.

[0036] In one embodiment, the composition of the outer matrix 38 includes an
aggregate oligomeric component present in an amount of about 3 weight percent or
less, and a monomeric component or monomeric components present in an aggregate
amount of about 80 weight percent or more. The oligomeric components can be, for
example, urethane acrylate components or polyester acrylate components, each being
present in amount of 3 weight percent or less, in aggregate with other oligomer
components or individually. While the monomeric components can be present in an
aggregate amount of 80 weight percent or more, they are preferably present in an

aggregate amount of about 85 to about 100 weight percent, more preferably about 90 to

10
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about 99 weight percent, and most preferably about 95 to about 99 weight percent.
After curing, the cured product of the outer matrix 38 composition has a Young’s
Modulus of at least about 250 MPa Preferably, the cured product of the outer matrix 38
composition is characterized by a Young's modulus of from about 350 to about 750
MPa.

[0037] According to the present embodiments, the aggregate oligomer
component weight percent can be 2 weight percent or less, 1 weight percent or less, or
the oligomer components can be substantially eliminated from one or both of the matrix
compositions. For example, according to one embodiment, no urcthane acrylate
component is present in either the inner or the outer matrix compositions.

[0038] Although the matrix 34 is described as an “inner matrix”, it may be used
without the surrounding outer matrix 38. In such an embodiment, the matrix material
has a uniform composition throughout the ribbon. Preferably, the single layer matrix
material has the properties of the inner matrix composition noted above.

[0039] In the present compositions, the monomeric components of the matrix
formulation can include a single monomer or it can be a combination of two or more
monomers. Although not required, it is preferable that the monomeric component be a
combination of two or more monomers so that the cured physical properties can be
adjusted to desired ranges. The monomeric component introduced into the composition
of the present invention may include ethylenically unsaturated monomer(s).

[0040] FIG. 2 illustrates the optical fiber ribbon 10 undergoing matrix peel.
Matrix peel qualities can be evaluated and quantified using a matrix peel test. One
procedure for testing peel is as follows: 1. using a roughly 12 inch sample of ribbon 10,
hold the top end of the ribbon, blue fiber 15 on the left side, with the thumb and index
finger about 1 inch from the end and twist the ribbon end 90° in one direction and then
90° in the other direction - the matrix material 30 should break loose from the fibers 15-
26; and 2. grasp the matrix layer 30 on one side of the ribbon and pull down to remove
the matrix 30 from the fibers 15-26. Rate the peel according to the scale detailed in
Table 1.

11
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Table 1 — Peel Rating Scale

Rating | Rating Criteria

1 All ribbon coating peels cleanly. The entire length of the ribbon coating
peels with little effort or tension. Little or no matrix is left on the edge
fibers of the ribbon.

2 The ribbon coating breaks or begins to fragment near the bottom end of the
ribbon.

3 The ribbon coating breaks or begins to fragment within the first four inches
of the ribbon.

4 The ribbon coating will not peel from the ribbon. The ribbon coating breaks
near the top of the sample or never separates from the ribbon structure. No
ribbon coating strip is formed.

[0041] FIG. 3 illustrates the optical fiber ribbon 10 undergoing fiber breakout
for the first fiber in a 12 fiber breakout process. Breakout qualities for a 12 fiber ribbon
can be evaluated and quantified using the following procedure: 1. using a roughly 18
inch ribbon 10 sample, hold the top end of the ribbon 10, blue fiber 15 on the left side,
with the thumb and index finger at about 1 — 2 inches from the end of the ribbon 10 and
twist the ribbon end 90° in one direction and then 90° in the other direction - the matrix
material 30 should break loose from the fibers 15-26; 2. remove the aqua fiber 26 and
remove any matrix 30 from the aqua fiber 26; and 3. grasp the remaining 11 fibers 15-
25 with one hand and hold the matrix 30 with the other hand and attempt to remove the
11 fibers 15-25 all at once. When all the fibers 15-26 have been removed, examine the
matrix 30 for damage and rate the 12 fiber breakout performance according to the

rating scale detailed in Table 2.

Table 2 — 12 Fiber Breakout Rating Scale

Rating | Rating Criteria

1 Fibers were easily removed, matrix shell is undamaged.

2 Fibers were removed without damage to the matrix shell, but the matrix
separates into 2 strips.

3 Fibers were removed from the matrix, but the shell is damaged with several
spots where the matrix stuck to the fibers.

4 Fibers were removed from the matrix, but the shell was significantly
damaged with lots of areas where the matrix stuck to the fibers, or the matrix
1s shredded.

5 Fibers cannot be removed from the matrix.

12
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[0042] Single fiber breakout qualities for a 12 fiber ribbon can be evaluated and
quantified using the following procedure: 1. using a roughly 18 inch ribbon 10 sample,
hold the top end of the ribbon 10, blue fiber 15 on the left side, with the thumb and
index finger at about 1 — 2 inches from the end and twist the end 90° in one direction
and then 90° in the other direction. The matrix material 30 should break loose from the
fibers 15-26; 2. remove the aqua fiber 26 and remove any matrix 30 from the aqua fiber
26; and remove the remaining fibers 15-25 one at a time. Rate the overall single fiber

breakout of the ribbon 10 according to the rating scale detailed in Table 3.

Table 3 — Single Fiber Breakout Rating Scale

Rating | Rating Criteria

1 Fibers remove easily from matrix and matrix stays in a cohesive shell.

2 Fibers release from matrix in a jerky fashion, however, matrix forms a
cohesive shell.

3 Fibers remove easily from matrix, but shell separates into two strips. Some
flaking of the matrix shell may occur.

4 Matrix adheres to at least one fiber, other than blue, during breakout.

5 Cannot remove fiber from the matrix. Color layer is removed or fiber
breaks.

EXAMPLES
[0043] According to one aspect of the present embodiments, an optical fiber

ribbon, as generally illustrated in FIG. 1, is comprised of matrix materials having
advantageous peel and breakout characteristics. Weight percents for components of the
inner matrix 34 and the outer matrix 38 materials are summarized in Tables 4 and 5

below.
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Table 4 — Weight Percentages for Matrix Components

PCT/US2010/040314

Component Inner Matrix Example 1 | Outer Matrix Example 1

Photomer 3016 Monomer | 35% 30%

Photomer 4028 Monomer | 0 30

SR602 Monomer 57% 0

CD9038 Monomer 0 32%

V-Cap/RC Monomer 5% 5%

Lucirin TPO 1.5% 1.5%

Irgacure 184 1.5% 1.5%

Irganox 1035 0.5 pph 0

Irganox 1076 0 0.5 pph

TegoRad 2250 0.5 pph 1.0 pph
Table 5 - Weight Percentages for Matrix Components
Component Inner Matrix | Inner Matrix | Outer Matrix | Outer Matrix

Example 2 | Example 3 | Example 2 Example 3

Photomer 3016 35% 35% 25% 20%
Monomer
SR602 Monomer | 62% 63.5% 72% 77%
CD9038 0 0 0 0
Monomer
SR9003 0 0 0 0
V-Cap/RC 0 0 0
Monomer
Lucirin TPO 1.5% 1.5% 1.5% 1.5%
Irgacure 184 1.5% 0 1.5% 1.5%
Irganox 1035 0.5 pph 0.5 pph 0 0
Irganox 1076 0 0 0.5 pph 0.5 pph
TegoRad 2250 0.5 pph 0.5 pph 1.0 pph 1.0 pph
[0044] In the exemplary matrix formulation summarized in Table 4, the

aggregate monomer component for the inner matrix component comprises about 97
weight percent of the inner matrix material. The aggregate monomer component for

the outer matrix material also comprises about 97 weight percent of the inner matrix

material.
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[0045] Photomer 3016 is a high viscosity bisphenol A-based epoxy diacrylate
monomer available from Cognis Corporation. Photomer 4028 is ethoxylatedy
bisphenol A diacrylate monomer available from Cognis Corporation. SR602 is
ethoxylated (10) bisphenol A diacrylate monomer available from Sartomer. CD9038 is
ethoxylated (30) bisphenol A diacrylate monomer available from Sartomer. V-Cap/RC
is n-vinyl caprolactam available from ISP Corporation. Lucirin TPO is 2,4,6-
Trimethyldiphenylphosphineoxide available from BASF Corporation. Irgacure 184 is
1-Hydroxycyclohexyl phenylketone available from Ciba. Irganox 1035 is 3,5-bis(1,1-
dimethylethyl)-4-hydroxy-thiodi-2,1-cthanediyl ester available from Ciba. Irganox
1076 is 3,5-bis(1,1-dimethylethyl)-4-hydroxy-octadecyl ester available from Ciba.
TegoRad 2250 is Silicone polyether acrylate available from Degussa.

[0046] The optical fiber ribbon 10 constructed with a matrix 30 using the inner
and outer matrix compositions described in Table 4 had favorable peel and breakout
performance. The peel and breakout performance is summarized in FIG. 4. A
conventional control ribbon was also tested for comparison purposes. The control
ribbon was made using commercially available matrix materials based on urethane
acrylate oligomers. The data illustrated in Fig. 4 was generated from 12 fiber ribbons
made according to Corning Cable Systems standard process for ribbon manufacturing.
Control ribbons were made using the comparative matrix materials currently in use at
CCS. These matrix materials are purchased from DSM Desotech. The inner matrix
layer is 950-706 and the outer matrix layer is 9D9-518. The ribbons in accordance with
the present invention were made using the RP11 inner matrix formulation and the RS81
outer matrix formulation described in Table 4. The ribbons were then subjected to peel
and breakout testing, the procedures for which are detailed below. For each test, the
test data for the control ribbons are shown to the left, and the test data for the present
formulation are shown to the right. The ribbons according to the present embodiments
had better peel and breakout ratings than the control ribbons, at a significant cost
reduction.  Without being bound by theory, the improved breakout and peel
performance is believed to be due to enhanced toughness of the present matrix
materials due to the use of bisphenol A-based monomers. The rigid bisphenol A

groups are thought to provide enhanced toughness via a yielding mechanism and is
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consistent with reports for thermally crosslinked epoxy networks in which the presence
of a yielding mechanism was found to increase toughness.

[0047] The matrix materials according to the present embodiments are not
limited to the specific compositions shown above. For example, inner matrix materials
could be derived using the same components as the outer matrix but at different ratios
in order to adjust physical properties to be in the desired ranges for inner matrix
materials.  Likewise, outer matrix materials could be derived using the same
components as the inner matrix but at different ratios in order to adjust physical
properties to be in the desired ranges for inner matrix materials.

[0048] The foregoing describes various embodiments that are given here by
way of example only. Although matrix materials have been described with reference to
preferred embodiments and examples thereof, other embodiments may perform similar
functions and/or achieve similar results. Such equivalent embodiments and examples

are intended to be covered by the appended claims.
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We claim:

1. An optical fiber ribbon comprising:

a plurality of optical fibers; and

a ribbon matrix, comprising at least one monomeric component present in an
aggregate amount of 80 weight percent or more and an oligomeric component in an

aggregate amount of 3 weight percent or less.

2. The optical fiber ribbon of claim 1, wherein the ribbon matrix
comprises:

an inner matrix surrounding and encapsulating the optical fibers, wherein the
inner matrix is the cured product of an inner matrix composition comprising at least one
monomeric component present in an aggregate amount of 80 weight percent or more,
and wherein an aggregate oligomeric component of the inner matrix composition is 3
weight percent or less; and

an outer matrix encapsulating and surrounding the inner matrix.

3. The optical fiber ribbon of claims 1 or 2, wherein the at least one
monomeric component is present in an aggregate amount of 85 weight percent or more,

and wherein the aggregate oligomeric component is 2 weight percent or less.

4. The optical fiber ribbon of claims 1 or 2, wherein the at least one
monomeric component is present in an aggregate amount of 90 weight percent or more,

and wherein the aggregate oligomeric component is 1 weight percent or less.

5. The optical fiber ribbon of one or more of claims 1-4, wherein the at
least one monomeric component is present in an aggregate amount of 95 weight percent

or more.
6. The optical fiber ribbon of one or more of claims 1-4, wherein the at

least one monomeric component is present in an aggregate amount of 97 weight percent

Oor more.
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7. The optical fiber ribbon of one or more of claims 1-6, wherein the inner

matrix has a Young’s Modulus of at least 750 MPa.

8. The optical fiber ribbon of one or more of claims 1-7, wherein the inner

matrix is substantially free of oligomers.

9. The optical fiber ribbon of one or more of claims 1-8, wherein the at

least one monomeric component includes bisphenol A-based diacrylate monomers.

10. The optical fiber ribbon of one or more of claims 1-8, wherein the at
least one monomeric component includes ethoxylatedgbisphenol-A diacrylate

monomer present in an amount of at least 50 weight percent.

11. The optical fiber ribbon of one or more of claims 1-8, wherein the at
least one monomeric component includes ethoxylatedgbisphenol-A diacrylate

monomer present in an amount of 50-65 weight percent.

12. The optical fiber ribbon of one or more of claims 1-11, wherein the at
least one monomeric component includes epoxy diacrylate monomer present in an

amount of 30-40 weight percent.

13. The optical fiber ribbon of claim 1, wherein the ribbon matrix
comprises:

an inner matrix surrounding and encapsulating the optical fibers; and

an outer matrix surrounding the inner matrix, wherein the outer matrix is the
cured product of an outer matrix composition comprising at least one monomeric
component present in an aggregate amount of 80 weight percent or more, and wherein
an aggregate oligomeric component of the outer matrix composition is 3 weight

percent or less.
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14.  The optical fiber ribbon of claim 13, wherein the at least one monomeric
component is present in an aggregate amount of 85 weight percent or more, and

wherein the aggregate oligomeric component is 2 weight percent or less.

15. The optical fiber ribbon of claim 13, wherein the at least one monomeric
component is present in an aggregate amount of 90 weight percent or more, and

wherein the aggregate oligomeric component is 1 weight percent or less.

16. The optical fiber ribbon of one or more of claims 13-15, wherein the at
least one monomeric component is present in an aggregate amount of 95 weight percent

Oor more.

17. The optical fiber ribbon of one or more of claims 13-15, wherein the at
least one monomeric component is present in an aggregate amount of 97 weight percent

Oor more.

18. The optical fiber ribbon of one or more of claims 13-17, wherein the

outer matrix has a Young’s Modulus of at least 250 MPa.

19. The optical fiber ribbon of one or more of claims 13-18, wherein the at
least one monomeric component includes ethoxylatedubisphenol-A diacrylate

monomer present in an amount of at least 25 weight percent.

20. The optical fiber ribbon of one or more of claims 13-18, wherein the at
least one monomeric component includes ethoxylatedubisphenol-A diacrylate

monomer present in an amount of 25-35 weight percent.
21. The optical fiber ribbon of one or more of claims 13-20, wherein the at

least one monomeric component includes ethoxylatedigbisphenol-A diacrylate

monomer present in an amount of at least 25 weight percent.
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22. The optical fiber ribbon of one or more of claims 13-20, wherein the at
least one monomeric component includes ethoxylatedigbisphenol-A diacrylate

monomer present in an amount of 25-35 weight percent.

23. The optical fiber ribbon of one or more of claims 13-22, wherein the at
least one monomeric component includes epoxy diacrylate monomer present in an

amount of at least 20 weight percent.

24. The optical fiber ribbon of one or more of claims 13-22, wherein the at
least one monomeric component includes epoxy diacrylate monomer present in an

amount of 20-35 weight percent.

25. An optical fiber ribbon, comprising;:
a plurality of optical fibers; and
a ribbon matrix, comprising:
an inner matrix surrounding and encapsulating the optical fibers,
wherein the inner matrix is the cured product of an inner matrix
composition substantially free of oligomer components; and
an outer matrix surrounding the inner matrix, wherein the outer
matrix is the cured product of an outer matrix composition substantially

free of oligomer components.

26.  Anoptical fiber ribbon matrix composition, comprising:

at least one monomeric component present in an aggregate amount of 80 weight
percent or more, wherein

an aggregate oligomeric component of the matrix composition is 3 weight

percent or less.
27. The composition of claim 26, wherein the at least one monomeric

component is present in an aggregate amount of 85 weight percent or more, and

wherein the aggregate oligomeric component is about 2 weight percent or less.
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28. The composition of claim 26, wherein the at least one monomeric
component is present in an aggregate amount of 90 weight percent or more, and

wherein the aggregate oligomeric component is 1 weight percent or less.

29. The composition of claim 26, wherein the at least one monomeric

component is present in an aggregate amount of 95 weight percent or more.

30. The composition of claim 26, wherein the at least one monomeric

component is present in an aggregate amount of 97 weight percent or more.

31. A matrix composition, comprising:
ethoxylated(ig)bisphenol-A diacrylate monomer present in an amount of 50-65
weight percent; and

epoxy diacrylate monomer present in an amount of 30-40 weight percent.

32.  The composition of claim 31, further comprising a photoinitiator present

in an amount of 0.5 to 10 weight percent.

33.  The composition of claims 31 or 32, wherein the composition is

substantially free of urethane acrylate oligomeric components.

34. A matrix composition, comprising:

epoxy diacrylate monomer present in an amount of 25-35 weight percent;

ethoxylated4)bisphenol A diacrylate monomer in an amount of 25-35 weight
percent; and

ethoxylatedgybisphenol A diacrylate monomer in an amount of 25-35 weight

percent.

35.  The composition of claim 34, further comprising a photoinitiator present

in an amount of 0.5 to 10 weight percent.
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36.  The composition of claims 34 or 35, wherein the composition is

substantially free of urethane acrylate oligomeric components.
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